THE  UNIVERSITY 


OF  ILLINOIS 
LIBRARY 

REMOTE  STORA^ 


Digitized  by  the  Internet  Archive 

in  2014 


https://archive.org/details/jixiegongchengsh3319heil 


Mechanical  Engineer 


VOL.  XXXIIL 


JANUARY  TO  JUNE,  1914, 


輔 


THE    SCIENTIFIC    PUBLISHING  COMPANY 
Manchkster. 


5         REMOTE  StORAGE 


Suppluiiicnt  to  the  "  iMkcimmcal  Kn (； i\hi:,  '  July  :itfl.  lifli 


INDEX. 


PAGE 

A 

Accidents,  Effects  of  Fatigue 
on  rate  of    134 

Accidents  from  Shafts  and 
Belts.  Home  Office  Regu- 
lations  162,  166 

Accidents  in  Foundries,  Pre- 
vention of    569,  575 

Accidents  in  Foundries. 
Home  Office  Report    137 

Acetylene  Welding.   H.  Cave  602 

Acetylene  Welding  Plant,  A 
Large    72 

Acetylene  Welding,  Tests  of  203 

Ackermaiui  on  Utilisation  oF 
Solar  Energy    335 

Advertising  Engineering  Ser- 
vices …  210 

Aerial  Ropeways    234 

Aeroplanes  for  British  Army  231 

A  i  r  Compressors,  Large 
Turbo,  at  Johannesburg.  - .  10 

Air  Compressors,  Reavell's 
Three-stage    331 

Air  Compressors,  the  Lubri- 
cation of    350 

Air  Filtration  and  Ventila- 
tion of  Electric  Machines. 
W.  E.  Gurry    222 

Air  Friction  in  Pipes  of 
Pneumatic  Tools    268 

Air  Lift  Punms.  W.  H. 
Booth    92 

Air  Pump  Breakdowns    187 

Air  Pump  for  Condenser, 
Miiller's    47 

Alcohol  as  a  Motor  Fuel   Ill 

Allday's  Oil  Furnace  for 
Melting  Metals    583 

Alloy  which  cools  without 
Contraction    200 

Alloys,  Effect  of  Cold  Draw- 
ing on    3 

Alloys  for  Die  Castings, 
Composition  of    54 

Alloys  Nomenclature,  Report 
of  Institute  of  Metals    261 

Alternating  (  unviit  Motors, 
Speed  Control  of    360 

Aluminium  Castings,  the 
Production  of   17(i 

Aluminium  Copper  Alloys  ...  2G1 

Almniiiiuin  Electric  Conduc- 
tors, Tests  for    59 

Aluminium  in  Steel,  Effect  of  391 

Annealing  Furnace  for  Loco- 
motive Parts    51 

" Aquitania,"  s.s.，  Features 
of  her  Dosign    402 

Armstrong  on  the  Electri- 
fication of  Kailways. . -  12'—),  1  o(i 

Asquith's    Drilling    Machine  li>7 

Auld's  Safety  Valve    99 

Autogenous  Welding,  Elec- 
tric Methods  and  Tests  of  201 

Autogenous  Welds  in  Boi lei- 
Repairs,  Dangers  of    209 


B 

Babcock  Boiler  Improve- 
ments   18 

Baldwin  Locomotive,  Triple- 
articulated   474 


PAGE 

Ball  and  Holler  and  Plain 
Bearings,  Comparative 
Tests  of    169 

Ball  Bearings.    D.  Martin...  122 

Ball  Bearings.  Prof.  Good- 
man  6 

Barffing  Process  for  Iron  and 
Steel    115 

Bearing  for  High  Spci-tls. 
Gerald  Stoney    380 

H;uiiigs,  Plain,  Hall  ； uid 
Roller,  Comparative  Tests  169 

Bearings,  the  Cooling  of    381 

Bearings,  Thrust,  Test  of  ...  382 

Belleville  Oil  Spmy  for  Boiler 
Furnace    124 

Belt  Accidents.  Home  Offico 
Regulations    162，  166 

Belt-shiftino;  Appliances    191 

Belts  and  Shafts,  the  Safe- 
guarding of    26 

Belts,  Steel,  for  Driving 
Mills    233 

Benzol,  Composition  and  Pro- 
perties  198 

Biles,  Prof.  Development  of 
Steamships    65 

Blackstone  and  Carter's 
Governor  for  Oil  Engines  221 

Blastfurnace  and  Coke-oven 
Gas  for  Power  Purposes...  277 

Blastfurnace  Gas,  Beth's 
Cleaning  Process    390 

Blastfurnace  Gas  By-pro- 
ducts.   Greiner  …  559 

Blastfurnace  Gas,  Cleaning 
of    316 

Blastfurnace,  Gas  -  cleaning 
Plant   ,   368 

Blastfurnace  Gas,  Develop- 
ment of  Dry  Cleaning    434 

Blastfurnace  Hanging,  Pre- 
vention of    590 

Blastfurnace  Heat  Losses  ...  561 

Blastfurnace  Slag  and  Dust, 
Utilisation  of    560 

Blastfurnace  Stock  Line 
Shield    470 

BlastfuriKu-t1,  Use  of  Dry  Air 
in.    Girvin    383 

Blastfui'iiac-cs,  Explosions  in  313 

Hlowoi-,  the  Sc-hlotter    584 

Blow-holos  in  Steel  Ingots  ...  128 

Board  of  Trade  Reports  of 
Kt)i-inal  E  n  q  u  i  r  i  o  a  into 
Boiler  Explosions  ....  113,  337 

Boilor  and  Engine  Atten- 
dants, Examination  of    124 

Boiloi',  linhcock  Water  tul»r, 
Impio\tMnonts    18 

Hoik'f,  IJoiHH-ourt's,  Supt-r- 
heater  for    67 

Boiler  Compositions,  Unsatis- 
factory  50 

Boiler  Explosions,  Formal 
Enquiries  into    113,  378 

Boiler  Firing,  the  Regula- 
tion of    11 

Boilor  Inspection,  Compul- 
sory, in  America    185 

Hoilor,  Niclausse  Wator-tubo  26 

Boiler,  Pi  clock  C1oml>im、d 
Vertical  and  Locomotive...  547 


BoWvv  Plant  at  Sl"'m""l 
Power  Station   

Boiler  Plates,  Brittloncss 
caused  by  Caustic  Soda  . . . 

B()il(>r  Platen,  Thick,  Failures 
of.  S.  A.  Houghton  425, 
457,  486, 

Boiler,  Prudhon's  Marine 
Water-tube   

Boiler  Repairs,  Electric 
Wcldin*;  Machine   

Boiler  Si -ale,  Analyses  of   

Moilei'  Scale,  KllVci  on  Work' 


391131 


Heat  Transmission   

Boiler   Shell    Plate,  Micro- 
graphs of  Defective   

Boilor  Shell  Plates,  Failures 
of.  Houghton  425,  457，  486， 
Boiler,    the    Hudson  Com- 
bined Lancashire  and 

Multitubular   

Boiler,  Todd's  Water-tube … 
Boilers,    Caustic  Soda, 

Brittleness  in   

Boilers,   Coal   Consumed  in 
United    Kingdom.  Hiller 
Boilers   Fired    with  "Waste 
Heat    from  Open-Jiearth 

Steel  Furnaces   

]5oilcrs,  Laiicasliii'c,  In(-iv;w 

in  Size  of   

Boilers,    Marine,  K:i 

Steam   

Hoilors,    Marine,    ITpkoep  ()f 
Boilers,  IMarinc,  Working  ot" 
Boilers,    Oil- firing,  Manage- 
ment of   

Boilers,  Operating  Costs  at 
Sheffield  Power  Station  -.. 
Boilers,  Types  of,  in  Vnitrd 

Kingdom    117， 

Boilers,  Water-tube,  Increase 

in  Size  of   

Boilers,  Welded,  Dangers  of 
Bone  and  Schnabel  Surface 

Combustion   

Hoiiecourt  Locomotive  B("l，'r 
Honccourt  Surface  Combus- 
tion , Superlieater  for   

Bmms  W;、^;t、、  Working  of 
Book  J?ovio\\  s  ： ― 

A ni;it(Mii-  Mcfhanic.  Jones 
Coal  AVasliiiig  in  Illinois 
Dictionary,  German- 

English.  lidlow   

Electric  Wircmon^s  "NVm'k 
Kngi"t、cring  W  o  r  k  s  h  o  p 

Exercises   

Fowler's  Machinist's 

Pocket  Book   

Fou  ler's  Mocliani (  ； il  Kn^i  - 

neer's  Pocket  Book   

Gas  and  Oil  P^n^ine  M:ui 
ii^cmoiit  .    Pou  is   Halo. . . 
Handbook   of  Steam  En- 
gine. Haeder   

Inventor's  Year  Book. 

Taylor   

Irontou nding.  Hoiiier  ... 
Journal  Institute  of  Metals 
^la riiio  Hoilers.  Stroineyer 
Mechanical  E  n  g  i  n  c  o  i'，s 
Pmket  Book.  D.  K. 
Clark   


577 
433 

504 

im 

413 

25 

420 
24 
457 
504 

470 
7 

433 
91 

378 

uo 

229 
228 
228 

245 

580 

14(; 

90 
2 

59.5 
'—M' 一' 

(i7 
373 

43G 
139 

128 
507 

260 

128 

128 

507 

260 

260 
507 
18 
139 

260 


Mf>(  li:mi('al    K  n  ^  i  n  <•  <■  r，s 

Pot-kct  liook.  Suploc;...  128 
Molesworth's  Pocket  Book  128 
Petrol   Motors  and   ( i 

Strickland    436 

Power  Transmission.  Kerr  285 
Soldering:  and  Brazing. 

Hobart    18 

Steam   Boiler  Arithinctic. 

Mason    139 

Steam    Pipes.  V'il'+:m 

Manual    436 

Suspension  Bridges.  Uuvv  285 
The  Gas  Turbine.  I):u,  .v  3u7 
、 V  a  t  e  r   Purification  and 

Softening.    Christie    18 

Wireless  Telegraphy.  Mar- 

chent    260 

Wireless  Telegraphy  Year 

Book    436 

Working  Drawings  of  Ma- 
chinery  285 

Workshop  Practice.  Pull  507 
Booth,  W.  H.  Water  Raising  ！' 2 
Bradford,    Drying  Cylinder 

Explosion    95 

Brake,    Prony,  Electrically 

Controlled    259 

Brakes,  Air,  Test  of  ...  158,  227 
Brass,  Effect  of  Temperature 

on  Strength    333 

Brass,  Effect  of  Vanadium 

127，  261 

Brass  Foundry  Fm^l  (Ws ...  :VJ2 

Brass,  Hard-drawn,  Season 
Cracking  of    334 

Brass  Mixtures,  Various    lo*J 

Brass,  Naval,  Composition  ot  175 

Brass  Piston  Rod  Fractures 
from  Internal  Stress    548 

Brass,  Season  Cracks  in, 
Effect  of  Press  Work    100 

Brass  Tubes,  Weakening 
Effect  of  Cinnabar    r>2\) 

Bra^s,  Yellow    159 

Brasses,  Composition  and 
Molting  Points  of    17"> 

Hroakdowns  of  K  n  g  i  "  s. 
Michael  Lon^ridgc  ...  187, 

Breakdowns  of  E  n  ^  i  n  、. 
S  t  e  a  in,  G  a  s，  and  0  i  I. 
Hiller    91 

Bridges  and  Ships  and 
similar  Stn"tmvs,  M<»;is- 
tiroment  of  Strains-  Fos- 
ter's Straimneter    354 

" Britannic, M  Lauiu-h  of    217 

British    Oxvgcn  Canipam 

Works   ：… 490 

Brittleness  of  Iron  caused  bv 
Caustic  Soda   ■'.  433 

Bronze,  Effect  of  Lead  on 
Strength    261 

Bronze,  Experiinontal  Re- 
search.   J.  Dewrance    287 

Brown,  Boveri's  Gas  Turbine  5 

Brusli  Gear  Troubles  in  Elec- 
tric Motors    41  (J 

Buchanan  :  Castings  for 
Textile  Spindles    lill 

Butler,  E.  P. :  Operation  and 
Upkeep  of  Electric  Motors 

399.  419 

By-products  of  StocI  Manu- 
facture.   Greiner    ooO 


IV. 


INDEX. 


PAG  1'： 

C 

Cable  Ways,  Aerial    234 

Cables,  Electric  High-tensioiij 
Construction  of    57 

C'nlculator,  C  i  r  c  u  1  a  i、  i'or 
Boiler  Firemen    12 

Calorimeter,  Junker's,  for 
Coal    34 

Calorimeters  for  (las,  Tests 
of   •   3ol 

Canals,  NatioiUilisa  t  ion  oi'  ... 

Carbon  in  Iron  and  Steel. 
Hatfield    260 

Carels  on  Diesel  Engine 
Design    309 

Case-hardening    170 

Case-hardening  Compositions  574 

Case-harclening,  Recent  Prac- 
tice 571,  597 

Cast  Iron,  Effect  of  Oxygen 
on    274 

Cast  I  ro  n  ，  G  row  th  of,  in 
Diesel  Engine  Cylinders...  453 

Cast-iron  ，  Princes  Process 
for  removing  sulphur    30 

Cast  Iron,  Selection  of   546 

Cast  Iron,  Use  of,  in  Super- 
heaters  521 

Cast  Iron  with  Steel  Mixed 
in  Cupola    390 

Cast  Iron,  Workino;  Stress  in  546 

Caustic  Soda,  Brittleness  of 
Iron  Caused  by   433 

Centrifugal  Pump,  John- 
ston's  268 

Centrifugal  Pumjis,  Impel- 
lers for    530 

Chains,  Power  Transmission, 
by  Hildage    43 

Chimney,  A  Tall  Steel    86 

Chuck,  Electric.  Ordnance 
Company    571 

Chu rch  :  Breakdown  of  an 
Electric  Motor    248 

Churchill  Grinding  Machine  140 

Cinders  from  Locomotives  as 
Fuel   :   293 

Circulating  Boilers,  Dangers 
of  Stop  Taps    522 

Coal,  Bituminous,  Fusing 
Temperatures  of  Ash    194 

Coal  Calorimeter,  Junker's...  34 

Coal,  Causes  of  Clinkering  in 
Furnaces    194 

Coal-dtist  Explosions    160 

Coal-dust  Fuel  for  Metallur- 
gical Furnaces    514 

Coal-dust  Furnaces  for 
Metallurgical  Purposes  ...  56 

Coal  Mine  Explosion  caused 
by  Spark  from  Signal 
Wire    42 

Coal  Output  in  United  King- 
dom  101 

Coal,  Spontaneous  Combus- 
tion in  Mines    143 

Coal  Supply  of  U  K   230 

Coal  Used  for  Power  in 
U.K   102 

Cocking  on  Gas  Engines  at 
Collieries    134 

Coke-oven  By  products    512 

Coke  Ovens,  Regenerative...  561 

Caker :  Measurement  of 
Stress   in   Structures  83, 

107，  130，  150 

Collieries,  Use  of  Gas  Engi  nrs 
at    134,  550 

Colliery  Wind i ng  E ngi nes , 
Ward-Lennox  System    291) 

Combustion  Bone  and 
Schnabel   Surface    595 

Combustion  of  Fuels,  Chart 
for,  Cormack's    290 

Combustion,  Surface,  Applied 
to  Locomotive  Boiler    242 

Com  p  ressed  Gas  Cyl  i  ndcr  ， 
Explosion  of,  on"'  Man  Te- 
tania "  98，  162 

Comp ressors  f or  Diesel  En- 
gines.   Richardson    477 

Compressors,  Large  Tm'bo, 
at  Johamiesbiug   10 


I'A  (；  K 

C'li'irivk',    Kfh'd   on  Corro- 
sion ol   .Metals    447 

C'mi 山' user  A  i  r  INinij), 

Miiller's    47 

C'oikIciis;-!-  T'll't's.    ( 'nri'iisioii 

and  Splitting  of.  Oram...  294 
( ''m<l,'ns('r    T'i I"— 's，    J^ai lures 

on  Warships    378 

Condenser   I1  u  b    、  vSenson 

Cracking  of    462，  529 

Condensers,  Surface,  Design 

of.    Treeby     -….  523 

C'on^ix\ss7   Iiitcrnatiuiial  En- 
gineering  271 

Con  Meeting  Hod  Fa  iln  res  i  n 

Engines    212 

Consta  nt  i  lie's  S'ip,'rl"';iter 

for  Stirling  Boiler    454 

Co-partiuTship     and  Profit 

Sharing    305 

Co-part  it  ei*shii>    a  nil  Profit 

Sharing,  Board  of  Trade 

Report    262 

Copper      Alloys,  Melting 

Points    174 

Copper   Alloys  with  Ahuni- 

nium   261 

Copper  Alloys  with  Nickel.. .  261 
Copper,  Price  Fluctuations  39 
Copper  Steam  Pipes,  Failures 

of.    Stromeyer    337，  361 

Copper-zinc  Allovs,  C1<>rrosioii 

of    365 

CO 2  Recorders,  Value  of  ....  546 
Cores  for  Foundry  Work  ...  537 
Cormack,  Prof.  :  Combustion 

Chart  for  Fuels    290 

Corrosion    a nd   Splitting  of 

( 'inu.lenser  Tubes.    Oram.  - .  二" H 
Corrosion  from   Sulphur  in 

Coke-oven  Gas    277 

(。i  i  rtsirm  in  Gas  Producers  315 
Corrosion  of  Boiler  Fittings 

from  Soda  in  Water    25 

Corrosion      of  Copper-zinc 

Alloys    365 

Corrosion     of     Metals  and 

Alloys  in  Contact    447 

C'oi'rosioii  of  Steam  Turbines  306 

Corrosion  of  Steel    9 

Corrosion  of  Steel,  Influence 

of  Molybdenum    610 

Corrugation  of  Railway  Rails  195 
Costing  System  for  Machine 

Shops    482 

Cotter  Failures  in  J^nj^i nes 

Longridge    212 

Coupling,  Flexible,  Croft  and 

Perkin's    446 

Cr;i<-ks  in  Brass,  Effect  of， 

Press  Work    100 

('r;i iik   Pin  Failures.  Long- 
ridge  212 

Crank  Pin  】』atl】e，  Ryder's... 力 
Crank    Shaft,    Failures  of. 

Longridge   212 

Creosote  Oil    197 

Croft   &   Perkiirs  Flexible 

Coupling    446 

Cummins  on  Diesel  Engine 

Design    308 

Cupola  for  Foundry.  Tr  open  as  413 
Cupola    Working.      E.  L. 

Rhead  ,.   507 

Cupolas,  Life  of  Linings    307 

Curtis  Gearing  for  Turbines  601 
Cutting  Tools  Built  up  by 

Electric  Welds    512 

Cutting   Tools   for  Lathes, 

Lubrication    1 

Cylinder      Breakdowns  in 

'Engines    189 

Cylindei's    for    Large  Gas 

Engines    4 


D 

Dalhy,  Prof.  :   Tests  with  a 

Small  Diesel  Engine    340 

Hi\-   &   Watson's  Opt 
I  julicator  for  Gas  Engines 

f);i\ -'' \'s  I ntmial  combustioiT 
Pumping  Engine    553 


PAGE 

vidsfin  on  (J  as  Engine 
It iiniiing  Costs    551 

I  I  ;i  nee  :  ExperiiiKMital  lie 
search    286 

])io  Castings,  Composi  1  ion  ol 
Various  Alloys  for    54 

Dielectrics,  Variations  in 
Efficiency  of    26 

Diesel  Engine  Breakdow  us. 
Cost  of.    Hiller   91 

Diesel  Ktigine  C',vlm'li'r:、， 
Growth  of  Cast  Iron  in... 

Diesel  Engine  Design,  Cum- 
mins on    308 

Diosol  Engine  i'or  Marino 
Service.      J .     Kicliu rdson 

404,  428,  451,  476 

Diesel  I^n^iiK1,  J I  (ij'k  hwii's 
Method  of  Cooling    452 

Diesel  Engine,  Optical  Indi- 
cator Diagrams  of    340 

Diesel  Engine,  Tempera  t  ui  f 
in    444 

Diesel  En^iiu1,  Trials  oi'  a 
Small,  by  Dalby    340 

Diesel  Engine  Trials  with 
Puni pherston  Oil    199 

Diesel  Engines,  Di  aura  ins 
from    -.…  394 

Diesel  Engines,  Illustratcfl 
Types    451 

Diesel  Engines ^  Murine.  J.  T. 
Milton    393，  441,  415 

Drill  Chuck,  Electric.  Ord- 
nance C'Oinpany    571 

Drilling  MncliinA,  As 屮 lith's  467 

Diving  ('vliiifler  E.\]>losion 
at  Bradford    95 

Durtnall  on  Thermo-electric 
Locomotives    37 

Dust  Fuel,  Coal,  for  Metal- 
lurgical Furnaces    56 

I  >  \  iKiitiometer  Car  for  Rail- 
ways  120 


E 

Economical  Power  Produc- 
tion at  Ironworks    145 

Ehrhardt  &  Sehmer's  Water 
Injoction  for  Gas  Engines  74 

Electric  Arc  Welding  Machine 
ir>r  Boiler  Repairs  .■   413 

Electric  Batteries  for  Motor 
Vehicles   ；   325 

Electric  Cables  for  High 
Tension,  Insulation  of    58 

Electric  Conductors,  Alumi- 
nium, Tests  for    59 

Electric  Driving  of  Machine 
Tools   -. -..  …. 149 

Kh'ctric  Driving  of  Rollinu 
Mills    408 

Electric  Furnace  for  Copper 
Alloys    205 

Electric  Furnace  for  Making 
Steel  Castings  Direct  from 
Ore    80 

Electric  Furnace  for  Steel 
Castings    439 

Electric  Furnace  for  Steel 
MakinK.    E.  B.  Clark  .：....  445 

Electric-furnace,  Steel  direct 
from  Ore    540 

Electric  Furnaces  for  Metal- 
lurgy  608 

Electric  Furnaces  for  the 
Steel  Foundry    31 

Electric  Ignition  of  Fire- 
damp by  Spark  from  Signal 
AVire  -…. 42 

Electric  Iiisuljitinp;  Materials, 
Variations  in  Efficioncy  of  26 

Klwtr"'  Lighting  of  Trains 

El'、（'tri('  Locomotives,  Control 
of    249,  271 

Electric  Locomotives.  W.  P. 
Durtnall   36 

Electric  Machines,  Ventila- 
tion of.  W.  E.  Gurry    222 

Electric  Motor  Control  for 
Locomotives    249 


PAGE 

Electric  Motors  i'or  .Mmhine 
Tools   ：… 503 

Klectric  Motors,  Operation 
and  Upkeep    398,  419 

Electric  Ordnance  Compiany, 
Drill  Chuck …  571 

Klcctrif  Railwa  vs,  Rolling 
Stock  for   ••   322 

】《le<:ti'ic  Keactaiico  in  Large 
1>()、、  Systems.  Hansen 
and  Peck    347 

Electric  Steering  G'/ar  i'or 
Ships    558 

Electric  Traction,  l?aill©ss...  282 

Electric  Traction  witli 
Storage  Batteries  on  Ger- 
man Railways    258 

Electric  Transmission,  Over- 
head, High-tension  Lines...  57 

Electric  Welding,  Somo 
Modern  Methods    201 

Electric  "Winding  Engines...  264 

Electrical  Control  of  Lock 
Gates  on  Panama  Canal... 

Electrical  Industry  in  Japan  (512 

Electrical  Motor  Breakdown  IMS 

Electrical  Pyrometers  ...  219,  245 

Electrically-controlled  Pron  v 
Brake    259 

Electricity  in  Mine &，  Alter- 
natiiig  v.  Continuous  Cur- 
rent  138 

Elc('tricity  in  Mines,  Three - 
pliase  System    138 

Electricity  Supply  of  London  401 

Electricity,  Uses  of，  in  U.K.  103 

Electrification  of  Kailways. 
Armstrong    125,  156 

Electrification  of  Railways. 
Governing  Conditions.  R. 
T.  Smith   177 

Electrification  of  Railways  in 
Switzerland    407 

Elliott,  G.,  on  Examination 
of  Enginemen    124 

K  i  n  c  ry  G  rindi  ng  Wheels, 
safeguard  for    45o 

Emerv  Wheels,  Table  of 
Spindle  Sizes   456 

Engine  Breakdowns,  Cost  of, 
Hiller    91 

Engine  Breakdowns,  Michael 
Longridge    187,  212 

Engine  Power  of  Various 
Kinds  in  U.K   102 

Engine  Rolling  Mill)  Large  110 

Engine,  Steam,  with  Central 
Exhaust,   SmaFs    338 

Engines,  Electric  "Winding..-     - 1 

Engineering  Congress,  Inter- 
national, 1915    271,  547 

J^ii^ineeritig  Degrees    346 

Examination  of  Enginemen 
on  Land    124 

Explosion  in  Coal  Mine 
Caused  by  Spark  from 
Electric  Signal  Wire    42 

Explosion  of  a  Foundry 
Mould  at  Sheffield    259 

Explosion  of  Compressed  Gas 
Cylinder  on  uMauretania" 

98，  161 

J']\l)losioii  of  Oil  Separator, 

Chesterfield    129 

Explosions  in  Blastfurnaces  313 
Explosions     of     Fire  Ex- 
tinguishers  127 


F 

Factors  of  Safety.  Stromeyer  346 

Failures     of     Boiler  Shell 
Plates.     Houghton    459 

I'^iti^iK'    in    Metals.  Stro- 
meyer  499 

Fencing  of  Shafts  and  Pul-  * 
lt>vs,  Horn  、  Offic?  Regula- 
tions  ,.. 162，  166 

Fireclay  Materials  for  Steel 
Manufacture    28 


Snpplrliitiil    tn   1  Ik 


INDEX. 


V 


PA  (J  K 

Fiivdauip,  Ignition  hv  Spa rk 

irom  Signal  Wire  •"，.   42 

Fire  Extin^nislicrs,  Exi>lo 

sions  of    127 

I^i  i-rmoii,      Cah'iilntor  for 

Kc^iilalin^;  Tasks  of    12 

Kiriii^  ol   Boilers,  Tho  \U^u 

Intimi  of  Kin-iiH-M's  T;.sks     1  I 
l'，lViiig     Miuliino.       K.  W. 

I"md"'st('i+    103,  514, 

502,  585 
Kl  v w  hiH'l    IJiirsi    ； 1 1    ('() 山 mr 

l)ark  I  ronw oi  ks   

Kontaino's     Gas  Pro(hi('(、r， 

witli  Revolving  (； rate    433 

Forced   1)  ra  n  ght  ，   How  den '  s 

System   485 

l^orcod  J)i;uij;lit,  Working  at 

Sheffield  I'owcr  Station...  579 
Vovd    Compaii'v,  Workshop 

Arran^emont  of  Tools    Hi  I 

Foster  Strainni^tcr    3。  1 

Foster's  Stop  Valve    511 

Foundrif^s,     Burning  A(('i 

dents  in    137 

Koundrit^s,  Tli(、  Lighting  of...  Vi7 
Found  rv    Ar('i(l('iits，  lloni;1 

Offioo'  Roport      J  ：57 

Foundry     Accidents.    I  l'.iii" 

Office  Regulations  ...  571 ,  575 
Foundry    Cupola  AVorkiti^;. 

， E.  L:  Rhcatl    '(，7 

Foundry  Experience,  Impor 

tance  to  Kn^i ncers    17 

Kouiulrv,  I^x plosion  ol'  Mould 

at  Sheffield   259 

Foundry,  Provision  of  Pro- 
tection against  Uurns  570,  575 
Fowlei-,  I  I onry  :  Superheat- 
ing in  Locomotives    t-'i 

Kiczing  Method  of  Sinking 

Shafts    254 

Friction  Clutch,  Harper's...  267 
Friction  of  Air  in  Pipes  of 

Pneumiitic  Tools    268 

Friction  of  Bearings  at  High 

Speeds    380 

Fuel,  Coal  Dust,  for  Metal- 

lmgi(';,l  Fin'iiacos    5G 

Fuel  ('(— )-sts  (".  Various  pes 

of  Prim(v  MovtMs    117 

l^ucl    for   Melting  in  lirass 

Foundry    322 

K'h'1,  Iji((uifl,  Vt'itch  Wilson 

on    263 

Fuel  Oil,  Use  for  and  World's 

Production    106,  226 

Fuol  Pulveriser    for    M(、t; 、卜 

lmgical  Furnace    ~A  I 

Knols,    Oil,    Various  Kinds, 

Analysis  ..    172,  197,  225 

Kulla f^tM-'s  'J'wo-strokc  Cy< 小、 

Oil  Engine    364 

Furnaoo,  Elec-tric,  for  Cop- 
per Alloys    20o 

Kuniaco,  Kloctric,  for  Mak- 
ing Steel  Castings  Direct. 

from  Ore    80 

Kurnace  for  Annealing  Loco- 
motive Parts    51 

Furnace  for  Melting  Metals， 

Hall's    325 

Furnace  for  Reheating  Steel 

Ingots    18G 

Furnace,    Oil,    for  Melting 

Metals,  Allday's    583 

Furnace  Sj    Electric,  for 

Metallurgy    608 

Furnaces,  Electric,  for  Steel 

Foundry    31 

Furnaces   for    Burning  Oil 

Fuel  in  Marine  Boilers  44,  75 
Furnaces    for    Using  Coal 

Dust    56 


G 

Guilder;  Use  of  Oil  Fuel  in 
Marine  Boilers    44，  75 

Gardner's  Fuel  Valve  Ai- 
rangeinent  for  Intornal- 
combustion  Engines    169 


G;is.  Hlnstriii  nacc,   ( 'leaning 
of   ,  

ilas,  BhisUm  ii:i<('.  Drying  of 

ins  ('； ilor  iiiH'tcrs,  Tests  ol . . . 

«;is  CIcMiiin^,  Met h's  Ap[»;i 
rat  us  for  JJlasti  urnacos … 

jlns   ChNUiin^;   for  4il;istfur- 

n;H'(»S,  ('lf)pllHMlL  of  …- 

J;is  Olciinin^  Pin nt  lor  lUast 

furnaces   

"is  Kn^inc  ； ui(l   Pump  ( 'oin 

billed,  Duvoy's   

as    K  ii  g  i  ii  (，   Urcjikdow  us, 

Causes  of.    1  lillcr   

as     Kn^inc,     Daubers  ol' 

Inspection   

as  En«ii»i(»,  I^irluinlt  and 
Sehnier's    Water- injecting 

ProceSvS   

a  s      E  n  g  i  li  <*  Kxhaust 

Sil(、nc(、rs，  Design  of   

as  Kngino,  (">v<'niing  of—... 
ns  Mit^iiH1  I ndicator,  Dalhy 

； m(l  W;itsmi，s  Optical   

("is  Kn^inc   I^uiniii]^  Costs 
at  Collii'iics.  Dnvidson... 
(Jas  P:ngii"、  \*;iporis(M-s,  Kisks 
of     Kracture    from  bad 

Water   

Vm\s    J':iigiiK、s    at  C'ollici'ic.s. 


r>m 

351 

390 
434 
3G8 
553 
148 
521 

74 

283 
284 

235 

551 

522 
550 
91 
467 
4 
3 


Gus  Engines,  Cost  of  B r^ak 

downs.  Hiller   

Gas     Engines     for  Rolling 

Mills   

Gas  Engines,  Ijarj^c  (Minders 

for   

Gas  Engines,  Large.  Prof 

Langer  ..:  

Gas  Kn<ii]H's,    I"u'ge,  Weak 

Points  of    551 

Gas  Engines,  Pre-ignition  in  284 
Gas  Engines,   Tests  of. 

Tookey    67 

Gas   Engines ?  the  liunjiiji^ 

of.    Tookey    283，  314 

Gas   Engines,   V sc   at  Col- 
lieries  134 

Gas    Producer,  Fontaine's, 

with  Revolving  Grate    l.'i.H 

("is  Producer  Tests    L">  I 

Gas   Producer,    the   "  Slag - 

gi"g  ，，    217 

("is    l'ro(l'i(.('r   Tim'rr,  Sail- 

lin's    596 

Gas  Producer,  Wltitiicld'.s  ...  l:Y.) 
U ； ks   Producer   with    l\oti\ ry 

Grate,  WeiFs    559 

Gas  ProducerSj  Corrosion  of  315 
Gas  Suction  Plants,  Working 

of    314 

Gas  Tar,  Composition  of    173 

Gas  Turbine,  Brown-Boveri's  5 
Gas  Turbines,   Futuro  Out- 
look  559 

(； a  s  W  a  s  1]  o  r  and  Cooler ; 

Theisen，s    165 

(>liis     Washer    and     Dryer ; 

Wollaston's    190 

Gas   Washer  for  Jioilor 

Smoke    210 

(i;is  Washer,  Theisen,  Test  ot 
Gear,  Roversing,  for  Motor 

Engines   …-. 605 

G  e  a  r-c  u  1 1  i  n  g  Machine. 

Smith  and  Coventry    114 

Gearing    ior    Heavy  Loads, 

Turbines,  &c   601 

Gearing  for  Steam  Turbines  106 
(Motrin*:,  Longrid^o  oti  Shape 

of  Teeth  for  Large  Wheels  21(i 
(ioaiing,  Spur,  Helical,  and 

Worm,  Design  of    96 

(iirvin :  Use  of  Di'v  Air  in 

Blastfurnace        ！   383 

Goodman,  Prof  :  Roller  <and 

Ball  Bearings    6 

Governor  for    Oil  Engines, 

Blackstone  and  Carter's...  221 
Gray,    H. :    Use    of  Super- 
heated Steam  on  Ships  ...  386 
Green's  Economiser  ....  110,  112 


J  r  i  n  d  i  n  k  Machine, 

Churohiirs    140 

"•indiiig  \Vli('('ls，  Saf<^uards 

for    455 

H  iiidin^   \\  licols,   Tal>l<'  of 

Spindlo  Sizos    456 

irow  tli     ("'    Cast    Iron  in 

Diesel  Kn^inc  C\  lindci  s.  • . 
\\u\  met ;il ,  ( 'ouiposition  and 

Mcliinjj;  Point    175 

iui rv,  W.  K. :  Air  l'，iltr:ttioii 

and  Wiitilation  of.  Electric 

Machines    222 

(jlutcrnmth  :  V:ilv,'  loi-  I'ump    ！, 1 


H 

i lull's  Furnaco  ior  Mcltiii^ 
Metals    325 

! LamnuMs,  P  n  ('  u  in  a  t  i  c. 
Mrackonl)ury    253 

I  hiiisen  ； u"l  !*('(■]<  <m  MIoctric 
Itcactance    347 

Hardening,   "  Case""    170 

llardeniiig-case     of  Steel, 
Recent  Pi'actice.      I  [eatfa 
cote   573,  597 

1 丄 iirdeiiiiig  of  Steel  Dies    427 

Hardness  Testing  Apparatus, 
liudge  Whitworth  ...  371,  599 

ilarper's  Friction  Clutch  ....  267 

Heat  Ex[)iuisioii  and  C'ontrac- 
tion,  Ktrosscs  due  to   108 

llc;it  'I'laiisiin^Mon,  Kiiect  of 
Boiler  Scale    24 

1  icat  Treatment  of  Std'l 
Castings,  Tensile  Tests  of  242 

Ueathcote's  Hardness  Tvst 
ing   Apparatus   371,  5(J(J 

Heathcote :  llecent  Practice 
in  Case-hardening  ...  573,  597 

Heating  Furnace  for  Steel 
Ingots,  Si('m(、iifs'    180 

I  lrli(  al  rin^  u  ith  l^lcxible 
Teeth    40(i 

Helical  Gears,  Design  of    98 

I  lolical  Gears ^  Lap  for  Secur- 
ing Uniformity  of  Teeth  ...  200 

Hey ii,  Prof. :  Internai  Stress 
in  Rolled  arid  D  ra  w  i  i 
Metals    462,  474,  500,  527,  548 

High-speed  Steel,  "  Stellite  J)  73 

High-tension  Electric  Cables, 
Oonstructiou  of    57 

Hildage  ：  Power  Transmission 
by  Chains    43 

Hiller :  Cost  of  Breakdowns 
iu  Prime  Movers    91,  147 

Hiller,  K.  G.  ：  Production  of 
Power    89，  11(5，  146 

llindloy'ti  Internal  (oil 山 iis- 
tion  Engine    74 

ilopkin. 、出" Mi'iliod  ol  C'onl 
ing  Gas  Engine  Cylinders  452 

Hopkinson's  Water  Gauges...  171 

Horse-power,  Cost  of    9U 

Hospitals,  Emergency,  for 
Industrial  Works    210 

Houghton  :  Failures  of  Boiler 
Shell  Plates  425，  467,  48 丄 50-4 

Injwden's  System  of  Forced 
Draught    485 

I  !ou  e  and  Levy  on  Def  or  mo- 
tion of  Steel  through  ovrv 
strain    357 

Hudson  Boiler,  Combined 
L  aucashire  a  nd  M  ulti  - 
tubular    470 

Humphrey  and  Rusdell's  In- 
ternal-combustion   Engine  52 

Humphrey  Pumps  for  Egypt  594 

Humphrey  Pumps,  Test  at 
Chingford    19 

Hydraulic  Turbines,  Design 
and  Construction  of  181,  196 

Hydro  Electric  Power,  a 
Large  Russian  Scheme  ....  63 


India-rubber,   Cost   of  Pro 

d notion  of    100 

I ndirator  l)i;iuranis,  Optical, 

:itf)r，   Optical,  ioi 
Ki'^incs,  Dalln  anrl  Wat- 
son's  2:ii 

Ingot  Mowlfls,  to  l*rtt<\utii 
Sound  M«*t;il  \>\  .Jarring …  1 70 

Ingots,  Steel,  Pipii^  in    I 'JS 

Injector,  Oil,  for  hiri""' -、 
Belleville   ：… 121 

I  Ms|><'ction  of  Jjocornotive 
iioilcrs  in  A iiH'rica    1H-— ' 

Institute  of  M<-ta!s  and 
Nomenclature  of  Alloys  ...  281 

Institution  of  Civil  Engi- 
neers' Circular  Letter  re 
Advertising    210 

I  nstitution  of  Mechanical 
Engineers    5G9 

Institution  of  Naval  Archi- 
tects, Spring  Meeting    339 

Insulating  Materials,  \*aria 
tions  in  Kffici<'n(  y  of    20 

Intern  al  comb  usti  on  Engine, 
I findlcy's  Enclosed    74 

Internal  com hustion  Engino, 
James's  Valve  Arrange- 
ment for   95 

I  iiti'i  n;i  I  coiiiini^t  i'im  Kri  w- 
Tests.    Tookey   ：.…  67 

Internal-combustion  Engine, 
Two-stroke  Cycle,  Ful- 
lager's    364 

Iiiternal-coml)ustion  Engines, 
Gardner's    Fuel  Distrilm 
tion  Valve    169 

Internal coinhust ion  Kn^iiH^s. 
Thornycroft's  Device  for 
Cooling    56 

Internal- comb  usti  on  Pump, 
Humphrey    and    Rusdell's  52 

Invention,  the  Trend  of    330 

Iron  and  Steel  Institute, 
Annual  Meeting   

I  mn  Foundry,  Value  of 
10  x  p  c  r  i  e  n  c  e  to  Works 
Managers    17 

lion .  Paints  for  Protecting 
Surface  of    104 

Iron,  Price  Fluctuations   38 

Iron,    Prince's    Process  for 
Removing  Sulphur    3" 

Iron,  Protection  against 
Rust,  Howor  Barff  Process  115 

Iron,  World's  Output  of   155 


J 

James's  Valve  for  Internal- 
combustion  Engine    95 

Japan,  Present  state  of 
Electrical  Industry    612 

Johnston's  Centrifugal  Pump 

Journals  for  High  Speeds. 
G.  Stoney    380 

Junker's  Coal  Calorimeter  ...  34 


K 

Kapp's    Vibrator  or  Phase 

Advancer    35G 

Koarn's  Lathe  Chuck    440 

Kitchen  Boilors,  Dangers  of 

Stop  Taps    522 

K  1  i  n  g  e  r  '  s  Water  Gauge 

_  Fittiug    396 

Koerting's  Oil  liurnor    75 


L 

Laing^  System  of  Oil  Burn- 
ing for  Locomotives   536 

Lamps,  Safety,  Tests  of    42 

Lancashire  Boilers,  Increase 
in  Size    90 


VI. 


INDEX. 


.Siippk-ment  to  the  "  Mkchamcai,  ENGiNthit,"  July  3rd,  1U14. 


】"iii('lK、stt、i'，  F.  W.  ：  the 
M''，'li;tiii('s  of  the  Flying 
^Iju  hiiie  463,  491,  514,  562,  585 

loathe  C'huckj  Kearn's    440 

I .atlio  Cutting  Tools j  Lubri- 
cation of   -.  1 

Lathe  for  Crank  Pins. 
Ryder's    252 

Latl'ie  Tool  Holder.    Richards  384 

Lead  Poisoning,  Electrolytic 
Treatment   :   279 

Lead,  Price  Fluctuations  ....  38 

Lenfestey  ：  Water  Softening 
and  Purification    23,  48 

Lentz  :  Sluice  Valve   392 

Letombe's  Starting  Device 
for  Oil  Engines   432 

Liebert，s  Movable  Tool  Head 
for  Planing  Machines    224 

Lighting  of  Trains,  Electric  121 

Lightning  Conductors,  Tests 
of  -、   384 

Lock  Gates  of  Panama  Canal, 
Electrical  Control  System  236 

Locomotive,  Baldwin,  Triple- 
articulated   474 

Locomotive  Boiler  Fitted 
with  Surface  Combustion...  242 

Locomotive  Boilers,  Com- 
pulsory Inspection  in 
America    185 

Locomotive  Cinders  as  Fuel  293 

Locomotive  Cylinder  Super- 
heating, Control  Valve, 
Schmidt's    576 

Locomotive  Cylinders,  Con- 
trolling Devices    576 

Locomotive  Oil  Burner    576 

Locomotive,  O  i  1  Burners, 
Laing's  System    536 

Locomotive,  Screwed  Stud 
Stays,  Flexible    526 

Locomotive  Smoke  Prosecu- 
tion  538 

Locomotive  Smoke  Tubes, 
Machine  for  Cutting  out 
and  Repairing    81 

Locomotive  with  Internal- 
combustion  Engine    286 

Locomotives,  Electric    156 

Locomotives,  Electric,  Con- 
trol of   • -.… 249，  271 

Locomotives,  Superheating 
in.    Henry  Fowler    43 

Locomotives,  W.  P.  Durtnall 
on  Thermo-electric    36 

London  Electricity  Supply...  401 

L  o  n  g  r  i  d  g  Michael,  on 
Engine    Breakdowns    187，  212 

Longridge  on  Shape  of  Teeth 
for  Large  Spur  Wheels  ....  216 

Lubricating  Oil,  Effect  of 
Long  Use    379 

Lubrication  of  Air  Compres- 
sor Cylinders    350 

Lulnication  of  Bearings  at 
High  Speeds    380 

Lubrication  of  Lathe  Cutting 
Tools    1 

LiiUrication  \v  i  t  li  Super- 
heated Steam   387 

Lubricators,  Ring    381 


M 

Machine  Operating  Costs  ，… 482 
.M;irliiiir    Tool    A  rraiigonu'iit 

in  Ford  Co.'s  Workshop  ...  164 
Machine    Tools,  Automatic 

Control  of    149 

Machine  Tools,  Motors  for...  503 
Manchester  Steam  Users ' 

Association    111，  113 

Marine  Boilers,  Management 

of    228 

Marine    Boiler,  Prudhon's 

Water-tube    163 

Martin  ：  Ball  Bearings    L22 

Mather    &     Piatt  ：  Water 

Purification   ,   11 丄 

li  Mauretania,"  Explosion  of 

Compressed  Gas  Cylinder... 

98,  161 


VAGE 

.Mrcluuiieal  I':ngiiie('rs，  Insti- 
tution  569 

Mcltintj;  Points  of  Copper 
Alloys    174 

Melting  Points  of  Refractory 
Oxides    34 

Metal  Alloy  of  Lead  and 
Antimony  which  Cools 
without  Contraction    200 

Metal  for  Type  Casting  ......  439 

Metal  Mixer,  Power  required 
to  Operate    418 

Metals  for  Die  Castings, 
Composition  of    54 

Metals,  Institute  of,  Annual 
Meeting    261 

Metallurgical  Problems    606 

Meters  for  Water  Flow  in 
Large  Pipes    609 

Meyer ， s  Oil-burning  Sy ste m 
for  Marine  Boilers    76 

Micrographs  of  Defective 
Boiler  Plates.  Houghton 

457,  486 

Milton,  J.  T. :  Diesel  Engines 
for  Marine  Purooses  393, 

415,  441 

Minerals,  Output  of  Great 
Britain    399 

Miners'  Safety  Lamps,  Tests 
of    42 

Mines,  Accidents  in,  Report 
of  H.M.  Inspector    41 

Mines,  Alternating  v.  Con- 
tinuous Current  in    138 

Mines,  State  Ownership  of  ...  353 

^lolybdenum,  influence  on 
Corrosion  of  Steel    610 

Motors,  Alternating,  Speed 
Control  of    360 

Motors,  Electric  Battery  .....  325 

Motors,  Electric,  Operation 
and  Upkeep    398,  419 

Motor-vehicles,     Commercial  303 

Miiller's  Air  Pump  for  Con- 
densers  47 

Muntz  Metal    159,  174 

Muntz  Metal  ，  Heat  Treat- 
ment, Effect  of    262，  332 

Muntz  Metal,  Strength  of  ...  332 


N 

.\a\al  Architects,  Institutiuii 
of，  Spring  Meeting  -.. .......  331) 

Naval    Brass,  Composition 

and  Melting  Point    175 

Nickel  and  Copper-aluminium 

Alloys    317 

Nickel-copper  Alloys  ...  261，  317 
Niclausse  Water-tube  Boiler  26 
Non-ferrous  Alloys,  Nomen- 
clature of    281 


O 

" Octo  "  Wckliny;  Process  ...  539 

O^dcn's  vS tea m  Driers  and 
Oil  Separator    403 

Oil  and  Gas  Engines,  Tests 
of.    Tookey   67 

Oil  Burner  for  Locomotive  ...  576 

Oil  Burner,  Koerting's    75 

Oil  Burner,  Rusden  and 
Eeles'  ： -.…  40 

Oil  Burners  for  Locomotives, 
Laing's  System    o3(3 

Oil,  Creosote    197 

Oil  Engine  Breakdown  from 
Water  in  the  Cylinder …-. 379 

Oil  Engine  Breakdowns,  Cost 
of    91 

Oil  Engine  for  Locomotive. 
Vulcan  Co.,  Hamburg   286 

Oil  Engine  Governor,  Black- 
stone  and  Carter's   221 

Oil  Engine;  Hindley's  En- 
closed  74 

Oil  Engine,  Roots'  Two- 
stroke   296 


PAG  I': 

Oil  Engine,  Schmidt's  Con- 
st;int-pressure    289 

Oil  i^n^idf,  Two-stroke  Cv('h'. 
Fulhi^or's    364 

Oil  Engines,  Letombe's 
Starting  Device    432 

Oil  Engines  Working  in 
Dusty  Atmospheres    378 

Oil,  Exports  of,  from  U.S.A.  198 

Oil  Firing  of  Boilers,  Man- 
agement of    243 

Oil  from  Shale    199 

Oil  Fuel  Atomiser.  Belle- 
ville  •   124 

Oil  Fuel  Burning,  Meyer's 
System    76 

Oil  Fuel,  Classification  of  173，  225 

Oil  Fuel,  Cormack's  Combus- 
tion Chart  for    290 

Oil  Fuel  Furnace,  Wallseiid- 
Howden    79 

Oil  Fuel  Furnace,  Zulvers'...  78 

Oil  Fuel  Furnaces,  Working 
Tests  of    79 

Oil  Fuel.  Heavy,  Use  of    350 

Oil  Fuel  Motor  Spirit, 
Varieties  and  Analyses  ...  225 

Oil  Fuel.  Prof.  Mellanby 
and  J.  Gray    106 

Oil  Fuel,  Use  in  Marine 
Boilers.    J.  S.  Gander  44,  75 

Oil  Fuel.    Veitch  Wilson....  263 

Oil  Fuels  and  Their  Applica- 
tion   to    Power  Purposes 

172,  197，  225 

Oil  Fuels,  Gas-tars    173 

Oil  Fuelsj  World's  Produc- 
tion  106，  22G 

Oil  Furnace  for  Melting 
Metals,  Allday's    583 

Oil  for  Use  with  Superheated 
Steam    387 

Oil,  How  to  Recover  from 
Dirty  Waste    66 

Oil,  Inflammability  of,  when 
Sprayed  on  Hob  Steam 
Pipes    290 

Oil  Lubricating,  Effect  of 
Continuous  Use    379 

Oil,  Separation  of,  from 
Water    49 

Oil  Separator  and  Steam 
Dryer,  Ogdeii's    41  )3 

Oil  Separator,  Explosion  at 
Staveley  Iron  Co   129 

Oil-testing  M  a  c  h  i  n  e;  the 
Sternol …：  346 

Optical  Indicator  for  Gas 
Engines,  Dalby  and  Wat- 
son's  -. •   235 

Organisation  in  Workshops...  164 

Oxygen,  Effect  on  Cast  Iron  274 


P 

Paints  for  Iron  and  Steel 
Structures    104 

Panama  Canal,  Electrical 
Control  of  Lock  Gates   

P;mama  Canal  Exhibition  ...  567 

Parsons'  Method  for  Reliev- 
ing Axial  Thrust  in  Tur- 
bines  153 

Patents,  Annual  Report  of 
Comptroller    330 

Patents,  Revocation  of    257 

Patternshop  Equipment. 
Roberts    17 

Peck  and  Hansen  on  Electric 
Reactance    347 

Permutit  W  a  t  e  r-softening 
Process    51 

JP('rimitit  Water-softening  at 
Hooton    615 

Petroleum  Sources,  Varieties 
and  Analyses  of   -.. -.  225 

Petrol,  Varieties,  Analysis, 
and  Manufacture  of   225 

Petroleum,  World's  Produc- 
tion of    226 

Phosphor-tin,  Preparation  of  420 

Pielock  Boiler    547 

Piping  in  Steel  Ingots   128 

Piston  Rod,  Brass,  Frac- 
tured by  Internal  Stress … 548 


Pl;iniji^  IMacliiiic,  Li^hi'it's 
Movable  Tool  Head    224 

Phuiin^  Machines,  Richard- 
son's Improvements  in    27 

Pneumatic  Hammers,  Brack- 
enbury    253,  2G8 

Pneumatic  Tools,  Drop  of 
Pressure  in  Air  Pipes    208 

Pneumatic  Tools,  Size  of  Aii- 
Pipes    2G8 

Power 3  Cost  of,  in  Steam 
Engines    90 

Power,  Economies  in  Produc- 
tion ofj  at  Ironworks    145 

Power,  Electrical,  Distribu- 
tion of,  in  Trades  of  U.K.  103 

Power,  Gas,  at  Collieries    134 

Power,  Intermittent  Loads, 
Effect  on  Economy    299 

Power,  Natural  Sources  of...  297 

Power,  Production  in  U.K. 

E.  G.  Hiller..86， 國 國 國 146 

Power  Required  to  Operate 
Metal  Mixer    418 

Power,  Sun，  Motors.  Shuman  297 

Prime  Movers,  Reliability  of  147 

Prince's  Process  for  Remov- 
ing Sulphur    30 

Producer,  Gas,  for  Marin" 
Service    15 

Producer,  Gas,  Steam  Gene- 
rator f  or .  B  en  der  a  n  cl 
Frambs    10 

Producer,  Gas,  Tuyere  for, 
Sahlin's    596 

Producer  Gas,  Washing  and 
Cleaning    190，  203 

Producer,  Gas,  with  Revolv- 
ing Grate,  Fontaine's    433 

Producer,  Gas,  with  Rotary 
Grate,  Weil's    559 

Producer,   "  Slagging  "    Gas  217 

Producers,  Gas3  Tests  of    154 

Profit-sharing  and  Co-part- 
nership  二.… 305 

Profit-sharing  and  Co-part- 
nership, Board  of  Trade 
Report  on    2(52 

Prony  Brake,  Electrically- 
controlled   259 

Prudhon's  Water-tube  Ma- 
rine Boiler   ,  103 

Pulleys,  Fencing  of.  Home 
Office  Regulations  ...  162，  191 

Pump,  Humnhrey'Sj  Test  of, 
at  Chingfo'rd    li) 

Pump,  Miiller's  Air    47 

Pump,  the  Humphreys,  at 
Chingford    92 

Pump  Valve,  the  Gutermutli    ！' 1 

Pumping  Engine,  with  Inter- 
nal-combustion Engine  ....  553 

Pumps,  Air  Lift,  Features  of  92 

Pumps,  Centrifugal,  Impel- 
lers for    530 

Pumps,  Centrifugal,  John- 
ston's  268 

Pumps,  Choice  of.  W.  H. 
Booth    92 

Pumps  for  Fire  Service    437 

Pumps,  Humphrey,  for  Egypt  594 

Pumps,  Internal-combustion  j 
Humphiov  and  RusdelTs...  52 

P  u  in  p  s，  Kotarv.  W.  H. 
Booth    92 

Punching,  Straining  Effect  of  357 

Pyrometers,  (Miecking  of  ....  .7)1  M ) 

Pyrometers,  Electric  ...  219,  245 

Pyrometors,  Recording    427 


R 

Railless  Electric  Traction  ...  282 
Rails  of  Tramway's,  Corruga- 
tion of    195 

Railway  Air  Brakes,  Test  of  158 
R a ihvay  Dynamometer  Ca r  120 
Railway    Electrification.  A. 

IL  Armstrong    125,  156 

Railway  Electrification  in 

Switzerland    407 

Railway  Traction,  with  Stor- 
age Batteries    258 


Siii'i'l,  to  (Ih*  **  Mi;cilAM(  Ai,  1':n<;ini:i  k,"  July  3nl,  l!H  I 


INDEX. 


Vli. 


Railway  Truin  Brakes,  Tests 

of   227 

;t  vs,    Klcctric,  Kollin^; 

Stock  for   322 

Railways,  St;itt'  ()u  lu-rship  ...  353 
l{('avdi，s     Tlm'r  stn^c  Air 

Compressor    331 

Refractory  Materials  for 

Steel  Manufacture    28 

Reversing  Gear  for  Motors...  605 
R  h  e  a  d  ：    Foundry  Cupola 

Working   507 

Richardson  :  Design  of  Diesel 
Marine  Engines  404,  428, 

451，  476 
Richai'dson's  Improvements 

in  Planing  Machines    27 

l{i('liards，    Tool    Holder  for 

Lathes   384 

Kiiifi;t、lm;um，s  Smoke  Tt  、：、  t  ...  ">  I  ~> 

Ring  Lubriciitors    381 

11  o  I)  o  r  t  s   on  PatUM-nshop 

Equipment    17 

Roller    and    Hall  Boarings. 

Prof.  Goodman    (i 

Roller  Bearings  ( 'omp;iivd 
with  Plain  and  Ball  Hear- 
ings  109 

Rolling  Mill  Engine,  Large  110 
Rolling  Mills,  Electric  Driv- 
ing of    408 

Hollin^  Mills,   Gas  Engines 

for   467 

Rolling  of  Steamships, 
Frahm's  Tanks  for  Pre- 
venting  403 

Rolling  Pressure    418 

Roots'  Two-stroke  Oil  Engine  2i)0 

Ropes,  Wire,  Testfi  of    297 

Ropes,  Wire,  Protection  of...  582 

Ropeways,  Aerial    234 

Rubber,  Cost  of  Production 

of    100 

R  u  s  d  e  1 1  and  Humphrey's 

Internal-combustion  Pump  52 
Rust,  Protection  against,  for 
Iron    and    Steel,  Bowcr- 
Barff  Process    115 


S 

Safety  Lamps,  Cullit'rs，，  Tests 

. of   •、   42 

SaiVty  Valve,  Aukl's       .....  SM) 

vSaltor  on  Locomotive  Boilers  I)U 

Sawing  Metals,  Speeds  and 
Feeds     …  241 

Sc;ilo  in  Boilers,  Effect  on 
， Working    426 

Schmidt's  Internal-combus- 
tion Engine    289 

Schmidt's  Suporheating  Con- 
trol Valve  for  Locomotives  ")7<> 

Sfluiabel  Surface  Combus- 
tion  595 

Sdmstor,  F.  :  Comparison  of 
Talbot  and  other  Steel 
Processes    53(>,  V>1 

Scrowcd  vStud  Stays,  Flexible 

Season  -  cracking  in  Brass, 
, Effect  of  Prtvss  Work    100 

Scason-crackinji;  of  H  a  r  d 
Drawn  Brass  ••  334 

Separator,  Oil,  Explosion  of, 
at  Chesterfield    129 

Sluift  Accidents,  Ht>im、  Oilicc 
l^t^ulations    1(52，  1GG, 

Shaft,  Fly  wheel,  Failuivs  of. 
Lon^ridge    213 

Shafts  and  Pulleys,  SatV 
guarding  of    26 

Shafts,  Revolving,  Wiu'iiijj; 
of    162,  166，  191 

Sha\y,  T.  R.  :  Cnndinjj;  Ma- 
chines  1  K) 

Sheffield  Powor  Static  n 
Boiler  Plant    577 

Shipping  Output  for  U.K.  ...  329 

Ships,  Electric  Steering  Gear 
for    558 

Ships,  Measurement  of 
Strains,  Foster's  Strain- 
meter   354 


i'. 

Ships,  Progress  in  Size  ot .  + .  U， 

Sliutnati  Sun  Motoi's    33,1 

Sicnicns'  I  lc.it  ii'M  |'，iirii;ir(' 
tor  Ingots    18(; 

Siciru'lis  Sr'illckri  t        (  'nlit  I  ('I 

for  Electric  Locomotives...  271 

Sln^,  Hlasti'iiriiaci',  Usus  ot .. 

Sluice  Valve,  Lentz  #  ：… 392 

Smal's  Steam  Kn^ino  with 
Central  Kxliaust    338 

Smith    and    Coventry :  Im 
provoments  in  Gear-cutting 
Machines    114 

Smith,  R.  T.  ：  the  Electrifica- 
tion of  11  aihvays    1 77 

Smoko   Al)att、iii('iit,  Dopjiit 
mental  Committeo  ...  330.  \  II) 

Smoke  Abatement  Bill,  Lord 
Newton，s    293 

Smoke,  Output  t'roni  Domos 
tic  Chimneys    449,  1M7 

Smoke  Prosecution,  Loco- 
motive  ^38 

Smoke  lost,  Rin^olnianii's...  ) 

Smoke  Tu1k\s  of  Loc(tm()tiv(、s. 
Mjicliinc  lor  Repairing  ....  81 

Smoke-wasliin^;  Plant  for 
Locomotives    210 

Soda,  Effect  on  Brass  Fit- 
tings of  Boilers    25 

Speed  Control  of  Altcriintin.u 
Motors    360 

Spindles,  Textile,  Castings 
for.    Buchanan    611 

Spontaneous  Coniltustion  of 
Coal  in  Mines    143 

Spur  Wheels,  Design  of   "(； 

Starting  Device  for  Internal- 
Combustion  Engine    432 

State  Ownership  of  Mines 
and  Railways    231,  353 

Stavelev  Iron  Co.,  Explosion 
of  Oil  Separator    129 

Stays,  Flexible,  for  Locomo- 
tives  •••   52G 

Stead  and  Stedman  :  Muntz 
Metal,  Effect  of  Heat 
Treatment    332 

Steam  Engine  Breakdowns, 
Cost  Compared  with 
others.    Hi  Her    91 

Steam  Pipes,  Copjirr, 
Failures    of.  Str()nu'、vr 

337.  3(>1 

Steam  Pipes,  Elasticity  ； uul 
Endurance   of.   Stromeyer  335 

S  tea  msh  i  p ,  1,  rah  m's  Anti 
rolling  Tanks  for    -103 

Stoaniships  and  Hai'b()m..、 
Development  of    05 

Steamships,  Design  of    402 

Steel  Castings  Direct  from 
Ore  with  Electric  Furnace  80 

Steel  Castings  from  Electric 
Furnace    439 

Steel  Castings,  Heat  Treat- 
ment of    242 

Steel  Castings,  Small,  Manu- 
facture of    421 

SttH'l,  Causes  ("  lii  iur.v  in 
Manufacture.    C.  H.  Desch  8 

Steel,  Corrosion  of   '■.  9 

Stt'cl  Corrosion  when  in  Con- 
tact with  other  Metals    44G 

Steel,  Deform  at  io  li  of, 
through  ()vei\straiu.  How t1 
and  Levy    357 

Stool  Dios,  DtH-arburisation 
of,  in  Hardening    427 

SttH*l  Direct  from  Pig  in 
Klintric  FurnacG    3(J7 

SLocl  Driving  liolts  for  Mills  233 

Sttvl,  Efn-ct  of  AhmiiniuDi... ：冊 

Stt  t'l,  Kffoct  of  Cold  Working  8 

Stn'l,  Effect  of  Punching  ....  357 

Stoi*l  Foundry,  Kl(、('tric  Kur 
nace  for    30 

Steel,  Free  Carbon  in    260 

8teel  Furnaces  at  Witkowitz 
Ironworks    531,  554 

Stool  Ingots,  Piovention  of 
Piping   128 

Steel  ingots,  Solidification 
of,  by  Jarring    170 


Steel  IiuiUili^   KuillllCf,  Kl'r 

trie   445 

St (屮 I，   Man^aiH'Nc  \ ;ttiii(lium, 

J)ur:ibilit,v  ot    I  !-"> 

Stocl    Manuhictui  c,    !<<*l  r;n 

tory  MaUM'ials  for    28 

Steel,  Paints  for  Prot(»ctiu^. 

Surfaces    104 

Stool  Plates  in  Boilers,  I)e 

fects  in.     Houghton  457, 

486,  501 
Steel  Platos,  Thick,  Failures 

in  Boilers.    S.  A.  Hough- 
ton  425 

Steel  Production  Direct  from 

Ore  by  Electric  Furnace...  540 
Steel,    Recent    Practice  in 

Hardening.  Heathcote  ...  573 
Steel  Kclinin^;  Processes.  K. 

Schuster    r>30 

Steel    Relioatiug  Furnace, 

Siemens'    18G 

Steel    Stresses    Caused  l>y 

Change  of  Tomperature  ...  WJ 

Steel,  Talbot  Process    531) 

Steel,  the  Welding  of    8 

Steel,  Tungsten.    Arnold … 320 
Steel,   Use  in  Cupola  Mix- 
tures  390 

Stin'l,  World's  Output   155 

Steering  Gear,  Electric,  for 

Ships    558 

" Stellito  '，    lor    Higli-spt'<  (! 

Cutting  Tools    73 

Stephenson  ：   Preparation  of 

Engineering  Reports    22 

Sternol  Oil  testing  Maohiiic  3  If, 
Stewart :  Marine  Gas  Plants  15 
Stirling    Boiler  Superheater  454 

Stop  Valve,  Foster's    511 

Storage  Battery  Motor-cars 

on  German  Railways    258 

Stress  due   to    Changes  of 

Temperature    108 

Stress   in  Structures,  Mea- 
surement of.    Coker   83,  107， 
130,  150 
Stress,  Internal,  in  Metals. 

Prof.  Hevn  462,  473，  474, 

500,  527.  548 
Stromeyer :  Criticism  of 

Official  Reports  on  Boiler 

Explosions    113 

Stromeyer:    Nature  of 

Fatigue  Stress    499 

Stromeyer  on  Elasticity  and 

Endurance  of  Steam  Pipes 

335,  361 
Stromeyer    on    Factors  of 

Safety   346 

Structures,  Measurement  of 

Stress  in.    Coker   83，  107 

Suction  Gas  Plants,  Working 

of    314 

Sugden's   Magnifying  Ther- 
mometer  499 

Sulphur  Estimation  in  lion 

and  Steel    584 

Sulphur,  lU'ino\;il  iroiii  (,;ist 

Iron,  Prince's  Process   30 

Sun  Motors,  Shiuiian's 
Suporheator    lor  Honecourt 

Boiler    (37 

Suporheator  for  Stirling 

Boiler    455 

Suporlioators  for  AVat<?r-tube 

Boilers    312 

Sui)t、rli('atei's，    Use   of  Cast 

Iron  in    521 

Su!"'rli(';iting  Control   V"l、 、• 

for  Locomotives,  St'lunidt's  .")7(i 
Suporhoatin^;     in     Loco  m  o- 

tives.    Homy  Fowler    43 

Supci'lieatin<j;     in  McrcliMiit 

Steamships.    11.  G r:i.v    387 

Surfaco  Conil)ustion    234 

Kuit'ac(»  C1oml>ustion  Applied 

to  Locomotive    2\2 

Surface   Combustion  toiler, 

Honecourt's  Superhoator 

for   •   67 

Surface  Combustion  for 

Boilers.  Schnabcl  and  Bono  595 


Suiiiic*'    Coridciihcirfj  】）<'higii 

of.    Tm>hy   r,23 

Siivcliiro's     \*isililc  Toihion 

M'-ter    372 

Sw  an  :  I  in  p  r  o  v  e  m  e  n  t  in 

How cr  Harft  Prof-ews    II.' 


T 

Ta  I  hot  Steel  Process         530,  554 

Tar,  Composition  and  IV'  ot  173 
Tars,  Gas,  for  Use  in  Dicbol 

" Engines    173 

Taylor,  R. :  Hvdraulic  丁 m 

bines    181,  100 

Teeth  of  Large  Sour  Wheels, 

Shape  of,   Longridge    21'; 

Telpherage,  Aerial    234 

Temperature,    Effect  on 

Stress  in  Structures   1(J8 

T«M!i|>cM'atiire  Measuronunt, 
^  Electrical  PyromoUMs  2\r, 
Testing  Machine  for  Large 

Girders    230 

Testing  Structures,  Fosti'i  'b 

Straiiimeter   

Theisen's   Gas   Washer  anrl 

Cooler    1(>5 

Theisen  Gas  Washer,  Tests  of  203 
'I'luM'inometer,     S  u  g  d  e  n  '  s 

r  ，  Magnifying    !!»'.» 

'n"»:'iiycroft，s  Cooling  Ar 
rangement  for  Internal- 
combustion  Engines    56 

Thrust    Bearings.      H.  T. 

Newbigin    121 

Thrust    Bearings,  Lubrica- 
tion of  t   381 

Thrust  Bearings  Test  of …-. 383 
Tin,  Diagram  or  Price  Fluc- 
tuations  39 

Tin,   Phosphor ^  Preparation 

of    420 

Todd's  Water-tube  Boiler  ...  7 
Tookey  ：  Running  of  Gas  En- 
gines  283，  314 

Tookey :   Tests   of  Internal- 
combustion  Engines    67 

Tool    Holder    fdr    Lathes . 

Richards    384 

Tools,   Cutting,  for  Lathes, 

Lubrication  of    1 

Tools,     High  speed    Steel  ， 

Built-up    511 

Tools,    Machine,    Automat  ic 

Control  of   U\) 

Tools,      Machine,  Electric 

Driving  of    14!J 

Torsion  Meter,  Su'vehiro's. . . :卩2 
Traction,  Electric  Railless...  282 
Traction    with  Storage 
Batteries  on  German  Rail- 
ways  258 

Train  Brakes,  Tests  of    227 

Trains,  Electric  Lighting  of  121 
Tramway  Rails,  Corrugation 

of   195 

" Transite  "  Acid-resisting 

Material    210 

Tree  by :   Design   of  Surtati- 

Condensers    o2'i 

Tuhos  in    Locomotivc^j  Ma 

chines  for  Cutting    81 

Tubes,    Season- cracking  of. 

Prof.  Heyn    Ii/J 

Tungsten  in  Steel.      AnioJd  320 
Turbine   Bearings,  Lubrica- 
tion of   381 

Turltine  Compressor, 

Churcliill-Shann's    344 

Tuiltino  Design    593 

Turl)iiH\  (;;ts,  Hrou  n  l?ov«  n  >  ■'> 
TurliiiH*  Glaring.  Curtis  ...  001 
T  u  r  b  i  li  e   Running  Costs. 

Davidson    551 

Turbines,  Axial  Thrust.  Par- 
sons' Method  of  Hclioving 
Turhinos,   Hydraulic  I)f>ii:?i 

and  Construction  of...  181，  196 
Turbines,   St^am^  Corrosion 

of    306 

Turbines,    Steam,    Cost  of 

Breakdowns.    Hiller    91 

Tm  hines,  Steam .  Goai  ing  for  106 
Turbines,    Steam,    Yarrow  、 
Arrangement  for  Ships  ...  263 


Vlll. 


INDEX. 


Suiiplcinent  to  the  "  Mechanical  Kncwneer,"  July  i:ti4. 


PAGE 

Turbo-alternators.  William- 
son  370 

Turbo  Compressors,  Large,  at 


Johannesburg   10 

Turbo-generators,  Large,  for 

Philadelphia  Electric  Co....  570 
T，u  (、ros    for  Gas  Producer, 

Sahlin's    596 

Type  Metal    439 

V 

Valve  for  Pump,  the  Guter- 
muth    94 

Vanadium  in  Brass,  Effect  of 

127，  261 

Ventilation  of  Electric  Ma- 
chines  222 

Venturi  Water  Meter    94 

Vertical  and  Locomotive 
Combined  Boiler,  the  Pie- 
lock   547 

Vtilcnn  Co.,  Hamburg, 
Water-tube  Boiler    oOU 

Vulcan  Works,  Hamburg, 
Locomotivre  Oil  Engine  ....  286 

Vulcan  Works,  Hamburg, 
Superheaters  for  Wator- 
tube  Boilers    312 

W 

、V;i;jx'  Bonus  System    373 

Wailsond-Howden     Oil  Fuel 

Furnace    79 

、V ; 1 1 '  1  Leonard    System     l  or 

Intermittent  Power  Loads  299 


PAGE 

Ward-Leonard    Control  for 


Winding  Engines    265 

Water  and  Scale,  Analyses  of  25 
Water,    Effect    of   Oil  and 

Grease  in  Boilers    25 

Water  Gauges,  Hopkinson's  171 

、V:iti'r  Meter,  Venturi    iU 

\\';itcr  Meters  for  Flow  in 

Large  Pipes   609 

Water,    Separation    of  Oil 

from    49 

Water-softening  and  Puri- 
fication. Lenfestey. . .  23,  48 
Watcc  sot't<ii)in^.  Chemical 

Equation    of    Soda  Lime 

Process    49 

、Vatmof.t(>niiig  Compound, 

Composition  of    50 

AVatrr-softcnin^,  Periimtit 

Process    48 

Water,  Temporary  and  Per- 

ma  nent  Hardness,  Causes 

of   24 

Water,  the  Pumping  of.  W. 

H.  Booth   92 

Water-tube  Boiler,  Babcock, 

Improvements    18 

Water-tube  Boiler,  Niclausse 

Marine  Type    26 

Water-tube  Boiler,  Todd's  ...  7 
Water-tube    Boiler,  Vulcan 

Co.,  Hamburg    506 

Water-tube  Boilers,  Increase 

in  Size   90 

Water-tube   Boilers,  Super- 

heaters  for    312 

Water-tube    Marine  Boiler, 

Prud lion's    163 

Water  Turbines,  Design  and 

Construction  of    181,  196 


PAGE 

Water,  Useful  Figures  Re- 
lating to    94 

Weil's  Hotn  ry  Ciato  tor  (ias 
Producers    559 

Well)ourn :  Overhead  Hi^h- 
tension  Transmission  Lines  57 

Welded  Boilers,  Dangers  of  2 

Welding,  a  Large  Acetylene, 
Plant    72 

Welding  by  Acetylene,  Tests 
of  Welded  Strips    203 

Welding,  Electric  ，  M  ode  r  n 
Methods  of    201 

Welding  Machine,  Arc,  for 
Boiler  Repairs    413 

Welding  of  Steel    8 

、V, 小 ling,  Oxy-acetylene.  H. 
Cave    602 

Welding     Process,  the 

Octo"    539 

Welds,  Autogenous,  in  Boiler 
Repairs,  Dangers  of    209 

Westinghouse  Air  Brake 
Tests   158 

Westinghouse,  George, 
Death  of    267 

Wheel-cutting  Machine. 
Smith  and  Coventry    114 

Wheels,  Spur  and  Worm, 
Design  of     H.  Thorne   96 

Wheels,  Teeth,  Formation  of  96 

Wheel  Teeth  for  Large  Fly- 
wheels.   Longridge    216 

Whitfield's  Gas  Producer    ,.  139 

Wild,  T.  C. :  Use  of  (ins 
Engines  at  Collieries    134 

Williamson  :  Turbo  -  alter- 
nators  370 


，  .  PAGE 
AVinding  Engines,  Electric, 

Test  of    264 

、Viii(li，ig     Ki)^i»i<\s,  Ward- 
Leonard  Control    265,  299 

、Vollaston、    Gas-drving  Ap- 
paratus  190 

Workshop  Organisation  and 

Management    164,  207 

"World's  Coal  and  Iron  Pro- 
duction  Ill 

World's  Oil  Production    10G 

World's  Output  of  Iron  and 

Steel    155 

World's  Production  of  Liquid 

Fuels    225 

Worms   and  Worm  Wheels. 

E.  J.  Lees    4G7 

Worm  Wheel  Drives    33 

Worm    Wheels  ，    Design  of. 

H.  Thorne   96 

Wireless  Telegraphy  Re- 
search  566 

Wire  Rope,  Strength  of    21)7 

Wire  Ropes,  Protection  of...  08^ 
Witkowitz  Steel  Furnaces  ...  531 

Y 

Yarrow's    Arrangement  of 
Steam  Turbines  for  Ships  203 

Z 


Zinc,  Estimation  of,  in 

Bronze    171 

Zinc,  Price  Fluctuations  ....  38 

Zulver's  Oil  Fuel  Furnace  -  ..  78 


1^ 


January  2,  l!. 


Till':    iMKCIIANICAL  KNCilNJvIvK. 


FLEXIBLE 


METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,    Highest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c. 


(i) 


HEAD  OFFICE: 

112，  QUEEN  VICTORIA  STREET,  LONDON,  EX. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  whence  all  but  be  bad  flown, 
For  one  and  then  another  of  the  blessed  joints  bad  blown  ； 
'Twas  there  we  found  him  s wearing,  when  we  took  him  underhand, 
Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY   NOT  WEAR   A  SMILEP 

NflNirAK  jointing 
i1unlcmiv  compound 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAE£l 


FREE  FROM  LEAD  ！ 

IMPROVES  WITH  AGE  I 


TESTING  SAMPLES.  WILL  NEVER  BLOW  OUT,  SCALE,  OR  ROT. 

J.  E.  TURNER  &  CO.,  Ltd.,  ^  BRAbFaRD,RYorks. 


NOW  READY. 

Fowler's  Mechanics  &  Machinists' 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 


The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  tliuusands  were  dis- 
appointed. The  demand  for  the  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 


Price  8d.  post  free. 

SCIENTIFIC   PUBLISHING  COMPANY, 

53,  NEW  BAILEY  STREET,  MANCHKSTLR 


Vol.  33,  No.  832. 


Edited  by 
WILLIAM    H  .  FOWLER 

Wh.  Sc.,  M.Inst.C.E. 

Tclcjframs:  "Scientific,"  Manchester. 
1  ekphonc  No.  City. 

SUBSCRIPTION  RATES. 

United  Kingflom  ：  12/0  per  unnuin.  post  free. 

Canada:  14/6  per  annum,  post  free. 

Anywhere  Abroad  ： ― 

17/6*  per  aimum，  post  free.    Thin  paper  edition. 
， 21/-*  "  ,，  Thick  ，， 

*Foreign  Remittances  by  International  Money  Order  only. 

Note.— Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  lt  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  f-urront  issue  slwil'l 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


The  Lubrication  of  Cutting  Tools. 

In  the  course  of  the  discussion  on  Prof.  Ripper's  n  c'?，it  paper 
on  latlie  cutting  tools,  exception  was  taken  by  some  of  tin*  spcak-rrs 
to  the  fact  that  in  his  experiments  the  cutting  tools  were  not 
lubricated,  and  that  this  was  not  in  accordance  witli  practice. 
We  pointed  out  at  the  tiim、  t  he  desirability  in  (  o，i(lu('t  my  t' -、'  、 
keeping  the  number  of  variables  as  few  as  possible,  and  that  on 
this  score  he  was  fully  justified  in  his  promlmr.  It  sr('ms  also 
desirable  to  point  out  in  viow  of  some  of  the  observations  \mu\r 
to  point  out  that  practice  in  respect  to  the  lubrication  of  cutting 
tools  varies  considerahly.  even  in  tlu、  same  \vorks!:o)).  Some 
men  will  use  a  lubricant,  others  won't,  while  others  again  ]»ur>u<- 
course  which  suggests  a  great  deal  of  iunorancc  as  to  the  prima rv 
object  of  tool  lubrication.  Before  the  advent  of  modern  high- 
speed cutting  steel,  lubrication,  \\1hmi  adopt (化  was  ^^nerallv 
limited  to  the  small  amount  permissible  with  a  can  placed 
over  the  lathe  centre  ami  from  which  tlic  supply  dripping  on  to  ihv 
lathe  tool  was  regulated  hy  a  small  cock.  Such  luhricat  ion  was 
invarialilv  confined  to  wrought  iron  or  steel,  and  ditTeront  fore- 
men had  -  different  recipes  for  tlic  composition  of  luhricants  tu 
which  a  certain  amount  of  myst(MV  and  virtue  was  attarluMl, 
and  for  which  little  scientific  explanation  was  offered.  If  a 
workman  were  asked  why  lie  used  no  lubricant  when  cut  tin*: 
cast  iron,  brass,  or  white  metal,  he  would  probably  replv  ho 
had  never  seen  any  and  therefore  it  wasn't  nece?sarv,  while 
others  would  perhaps  assert  that  it  would  interfere  with  the 
action  of  the  cutting  tool.  If  ho  luid  been  broujiht  up  to  use  oil 
with  a  ( t'rtaiu  material  and  some  special  mixture  with  another, 
he  would  continue  to  do  so  as  a  result  of  habit  rather  than 
of  experience.  We  have  so  far  passed  bevond  this  stage 
that  it  is  hardly  necessary  to  explain  that  the  object  of  lubrication 
in  the  first  instance  is  to  prevent  th(、  point  of  the  tool  from  ovcr- 
Iieatin.U  and  so  losing  its  tiMiijHM*  aiul  necessitating  removal, 
though  tho  secondary  object  of  prrv('iiti，、ir  distortion  of  tin*  work 
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from  the  sanif  cause  is  soinct iincs  uf  ini]»(tri;incc,  while  t  Imi  t 
lubrication  of  \  \w  cutting  edge  is  also  not  to  he  ovnlooked.  T1r、 
ov,'〗  l"';itmg  that  occurs  when  metal  is  being  cut  is,  of  (  "urs,''  Hi" 
direct  conversion  of  the  work  of  the  machine  into  heat  caused  by 
the  continuous  shearing  of  the  metal.    In  the  case  of  materials 
that  possess  little  tenacity  and  ductility,  and  in  which,  as  a 
consequence,  the  shavings  break  off  in  chips  as  with  t-ast  iron, 
brass,  &c,，  the  heat  is  not  conveyed  by  contact  to  the  piece  in  tli(' 
lathe  as  it  is  in  the  case  of  wrought  iron  and  steel  where  the  turning 
is  more  or  less  continuous.    This  question  of  lubrication  has 
already  been  the  subject  of  experiment,  and  though  the  absence 
of  a  lubricant  with  cutting  tools  of  high-speed  steel  does  not  appear 
to  be  so  detrimental  as  with  tools  of  ordinary  carbon  steel,  Mr. 
Dempster  Smith  (vide  paper  Manchester  Association  of  Engineers) 
found  that  lubrication  even  with  high-speed  steel  increased 
the  du  rah  Hit  y  of  the  tool  about  25  per  cent,  or  conversely  gave 
the  same  length  of  life  with  a  12  per   cent,  higher  speed. 
The  results  depend  to  some  extent  on  the  nature  of  the  lubricant, 
and  as  we  have  stated  recipes  vary  in  different  shops  and  for 
different  classes  of  work.    ■  soda,  and  water,  as  main  consti- 
tuents have,  however,  obvious  justifications  for  their  use.  For 
carrying  away  heat  water  with  its  high  specific  heat  is  unrivalled 
apart  from  its  merit'  of  cheapness,  soda  is  useful  in  preventing  the 
work  Tusting  as  it  would  be  liable  to  do  if  water  were  used  alone, 
while  oil  serves  to  lubricate  the  cutting  edge  and  possibly  also  by 
some  obscure  chemical  action  to  preserve  its  temper.    There  are 
many  points,  however,  in  connection  with  the  subject  wliirli  still 
remain  unexplained.    Why,  for  instance,  should  paratHn  be  a 
better  lubricant  when  cutting  aluminium 一 as  it  is  reputed  to  U' ― 
than  oil,  and  why  should  turpentine  be  better  than  cither  when 
drilling  glass  '{    Careful  thought  suggests  st-vcral  p"ssil)l('  cx]>];uia- 
tions,  but  we  do  not  put  them  forward,  for  without  actual  know- 
ledge of  the  facts,  and  that  at  present  is  not  available  so  far  as 
wc  know,  thev  would  bear  the  appearance  of  gussses  at  ( (nnui- 
clrums.    The  first  point  to  determine  is  whether  and  to  what 
extent  the  statements  implied  in  these  and  other  similar  questions 
relating  to  tool  lubrication,  are  themselves  true,  and  the  fact  that 
iih  immediate  answer  is  available  shows  the  wklc  field  open  to 
on<|uiry. 


Welds  in  Boilers. 

Although  welds  are  extensively  used  in  boiler  construction ― 
as,  for  instance,  in  the  longitudinal  seams  of  furnace  tubes 
of  ； Lancashire  boilers  and  the  firebox  crowns  of  small  vertical 
boilers ― and,  as  usually  situated,  are  not  objectionable  owing 
to  the  fact  that  the  pressure*  in  the  boiler  tends  to'  ke&p  tlie 
welds  in  compression,  it  should  b©  clearly  recognised  that 
when  welds  are  subjected  to  tension  they  may  be  a  source  of 
danger,  and  for  tliat  reason  should  he  avoided  as  far  as 
possible.  An  illustration  of  this  is  afforded  by  some 
particulars  given  in  the  last  issue  of  "  Vulcan  '，'  respect- 
ing a  disastrous  boiler  explosion  that  occurred  a  few 
months  ago  at  Mahrens,  in  Germany,  The'  boiler  was 
of  the  water-tube  type,  resembling  the  Babcock  in  general 
outline,  but  diirering  materially  from  it  in  the  construction  of 
the  water  spaces,  which,  instead  of  being  in  staggered  elements 
for  each  vertical  row,  were  formed  of  two  large  rectangular 
boxes  uniting  the  front  and  back  ends  of  all  the  tubes.  The 
bottom  of  these  boxes,  instead  of  being  riveted  in,  had  been 
bent  over  and  welded.  Such  a  weld  obviously  could  imt 
well  made,  as  t'rorn  its  position  it  could  not  be  supported  on 
an  anvil  during  t lie  process  of  welding.  The  weld,  in  fact , 
must  have  been  what  is  known  as  a  "  dab-weld,"  tlie 
objectionable  feature  of  whicli  is  that  when  completed  it  is 


impossible  to  be  certain  (川 i"f  rtioii  whether  it  is  sound  ot 
not,  and  in  this  case  it  was  impossible  to  inspect  it  on  tli6 
inner  side,  as  it  was  inaccessible,  and,  as  events  proved ,  it 
must  have  bee-n  very  defective,  for  it  gave  way  after  it  had 
been  at  work  about  nine  months,  with  the  result  that  the 
flat  bottom  of  tlie  front  water-box  was  blown  right  out.  The 
escaping  water   and   steam,    at   a  pressure  of    12 Gibs,  on 
the  inch,  projected  the  boiler  violently  from  its  seat,  and, 
after  turning  a  series  of  sortiersaults,  it  landed  in  the  bed 
of  a  stream  some  considerable  distance  away.  Enormous 
damage  was  done,  the  factory  in  which  tlie  boiler  was  located 
being  completely  wrecked,  while  two'  men  were  killed.  It 
may  be  argued  that  tlie  application  of  the  hydraulic  test  in 
the  first  instance  would  have  revealed  the  defect,  but  in 
Germany  this  is  insisted  upon  by  Government  regulations, 
and  thei  fact  that  it  did  not  avert  the  explosion  shows  how 
unreliable  such  a  test  may  sometimes  be.    Indeed,  it  is  one  of 
th-e  cases  in  which  the  hydraulic  test  may  do-  more  harm  than 
good  by  developing  an  incipient  fracture  or  defective  union 
of  tlie  weld  and  making  its  progress  under  working  conditions 
subsequently  more  rapid.    Tlie  danger  of  welds  of  this  kind 
is  pretty  well  recognised  by  boilerm akers  in  this  count rv, 
though  we  can  recall  many  failures  in  past  years  when  the 
shell  seams  of  small  vertical  boilers  were  often  made  in  this 
way  and  put  upon  the  market  by  makers  with  the  proud 
annoimcem ent  that  the  boiler  was  seamless.      Welded  tubes 
have  be-en  employed  in  water  tubes,  but  even  these,  though 
of    small    diameter,    are   now    avoided    for    modern  high 
pressures,  owing  to  the  number  of  failures  that  occurred.  It 
is  customary,  of  course,  still  to  use  welded  smoke  tubes  very 
largely,  but  these  are  in  another  category,  since  the  pressure 
acts  externally  and  thus  tends  to  close  the  weld  instead  of  to 
rip  it  open. 


NATIONAL  ILLUMINATION  COMMITTEE. 

A  provisional  committee,  formed  of  representatives  of  the 
Illuminating  Engineering  Society,  the  Institution  of  Elec- 
trical Engineers,  the  Institution  of  Gas  Engineers,  and  the 
National  Physical  Laboratory,  held  a  meeting  on  November 
29th  last,  at  which  arrangements  were  made  for  the  forma- 
tion of  a  National  Illumination  Committee,  to  be  constituted 
according  to  the  statutes  of  tlie  International  Illumination 
Commission,  with  the  primary  object  of  affiliating  Great 
Britain  to  that  Commission.  The  provisional  committee 
recommended  that  the  National  Committee  should  consist  of 
five  representatives  of  each  of  the  three  technical  societies  and 
two  representatives  of  the  National  Physical  Laboratory. 
This  recommendation  has  been  adopted,  and  the  following 
have  been  nominated  as  members  of  the  committee :  By  the 
Illuminating  Engineering  Society— Mr.  Leon  Gaster,  Mr. 
F.  W.  Gocdenough,  Prof.  Silvanus  P.  Thompson,  and  M r. 
A.  P.  Trotter  (this  society  has  not  yet  nominated  its  fifth 
representative)  ；  by  the  Institution  of  Electrical  Engineers  ― 
Mr.  F.  Bailey,  Mr.  W.  Duddell,  Mr.  K.  Edgcumbe,  Mr. 
Haydn  Harrison,  and  Prof.  J.  T.  Morris  ；  by  the  Institution 
of  Gas  Engineers— Mr.  E.  Allen,  Mr.  J.  Bond,  Mr.  W.  J.  A. 
Butterfield,  Dr.  H.  G.  Col  man,  and  Mr.  H.  Watson  ；  and  by 
tlie  National  Physical  Laboratory ― Dr.  R.  T.  Glazebrook  and 
Mr.  C.  C.  Paterson.  The  first  meeting  of  this  National  Com- 
mittee recently  took  place,  when  the  following  were  chosen  as 
officers  ：  Chairman,  Mr.  E.  Allen,  of  Liverpool  ；  vice-chair- 
men, Mr.  W.  Duddell  and  Mr.  A.  P.  Trotter,  botli  of  London  : 
and  lion,  secretary  and  treasurer,  Mr.  W.  J.  A.  Butterfield ,  of 
London.  Great  Brita in  is  (mi(  it  l(id  t  n  two  delegates  on  the 
Executive  Committee  of  the  Internat ioiial  I lhunination  Com- 
mission, and  Dr.  H.  G.  Col  man  and  Mr.  W.  Duddell  were 
accordingly  appointed  by  tin1  committee  as  the  delegates  from 
this  country.  . 
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STATUS  OF  THE  LARGE  GAS  ENGINE  IN  EUROPE.* 

II Y  PHOF.  PAUL  LANGKIi. 

About  11  years  ago  the  large  gas  engine  was  brought  to  ;i 
high  state  of  perfection  by  the  Maschineiifabrik  Nuernberg 
in  the  form  of  the  double-acting  four-cycle  type,  with  two 
cylinders  arranged  in  tandem.  It  was  recognised  t  lial  t  lu- 
principles  on  which  to  base  the  design  of  large  gas  engines 
should  involve  (a)  the  greatest  possible  accessibility  of  all 
parts  exposed  to  tli©  gases  of  combustion,  and  (h)  relieving 
the  cylinder  wall  of  the  weight  of  the  piston. 

In  the  case  of  the  steam  engine  a  leaky  piston  does  no 
further  damage  than  to  increase  the  steam  consumption. 
The  governor  automatically  adjusts  for  a  longer  cut-off  and 
the  engine  pulls  through  as  long  as  the  boiler  furnishes  suffi- 
cient steam -  With  the  gas  engine,  a  leaky  piston  causes 
ignition  at  the  wrong  time,  wliicli  means  a  release  of  In^il 
energy  at  a  time  and  place  when  this  energy  can  do  no  useful 
work .  The  attention  needed  to  prevent  such  disturbances 
cannot  be  given  when  access  to  sucli  vital  parts  as  pistons, 
stuffing-box  packings,  and  valves  can  be  had  only  after  a  Ion^ 
and  difficult  job  of  disassembling.  The  author  knows  o f  an 
engine  which,  after  six  years  of  continuous  day  and  ni^lit 
operation,  showed  only  0*015in.  wear  in  the  diameter  of  t  lie 
cylinder.  This  success,  although  immediately  traceable  to  the 
careful  attention  this  machine  received,  is  nevt'rt  ii!'l('ss 
indirectly  due  to  the  designer,  who  made  it  possible  to  give 
such  attention  through  the  excellence  of  his  design. 

The  attempt  to  attain  stratification  of  the  mixture  inside 
of  the  cylinder  has  led  to  very  complicated  valve  gears.  It 
was  hoped  that  a  gas  valve,  which  remained  open  during  only 
a  part  of  the  surface  stroke,  would  direct  the  gas  in  such  a 
manner  that  a  combustible  mixture  would  be  present  at  the 
point,  of  ignition  even  under  the  lightest  loads,  while  the 
balance  of  the  combustion  space  would  be  filled  with  inert 
air.  The  result,  however,  did  not  justify  this  hope.  Instead 
of  stratification  there  was  only  a  bad  mixture,  resulting  in 
irregular  and  uneven  operation.  To-day  the  hope  of  attain- 
ing stratification  can  be  considered  as  being  finally  disposed 
of,  and  designers  have  returned  to  the  simple  throttling  valve 
gear. 

Throttling  of  gas  and  air  simultaneously,  or,  in  other, 
words,  regulation  of  the  quantity  of  mixture  only,  is  to  be 
preferred  to  the  throttling  of  gas  only,  as  the  former  metliod 
is  less  sensitive  and  makes  possible  a  more  certain  control 
of  the  power  developed  by  the  governor.  The  result  of 
throttling  is  to  reduce  the  quantity  of  mixture  drawn  into 
the  cylinder  during  each  stroke,  on  account  of  the  reduced 
openings  for  gas  and  air.  The  volume  of  the  charge  remains 
the  same,  as  the  cylinder  is  always  completely  filled.  The 
density  of  the  charge  will  become  less  and  correspondingly  its 
weight  and  the  amount  of  energy  supplied. 

The  connection  between  the  governor  sleeve  and  the 
throttling  mechanism  should  be  changed  so  that  in  the  low 
positions  of  the  governor  the  throttling  action  is  more  inten- 
sive than  in  the  upper  positions.  This  action  can  be  accom- 
plished in  a  simple  manner  by  off-setting  the  connecting  link 
between  the  governor  and  the  throttling  valve,  similar  to  the 
arrangement  found  in  Corliss  valve  gears.  This  allows  a 
uniform  utilisation  of  the  total  lift, of  the  governor,  and 
consequently  stable  and  quiet  regulation,  without  any  com- 
plicat ion  wliatever. 

Even  the  best  considered  scheme  of  regulation  will  not 
avail  if  the  proportion  of  mixture,  that  is,  the  ratio  of  gas 
drawn  in  to  air  drawn  in,  is  not  properly  controlled.  In 
"gines  that  have  separate  pumps  for  air  and  gas,  as  usual 
iii  two-cycle  machines,  where,  therefore,  air  and  gas  are 
furnished  in  measured  quantities,  it  is  a  comparatively  easy 
matter  to  get  the  proper  proportion,  at  least,  at  full  load. 
Difficulties  are  found,  however,  in  four-cycle  machines,  where 
gas  and  air  are  drawn  in  l)v  tlie  working  piston  in  parallel. 
I"  tliis  case  the  proportion  of  itiixturo  is  not  readily  mn- 
trolle(l，  he(»ause  tlie  ([uantitics  drawn  in  d^peiul  not  o'nly  on 
tl'e  free  opmiing  of  tlie  admission  valve,  but  on  the  product 
of  this  opening  area  and  tlie  velocity  of  flow  tlnou^h  it. 
Incidental  changes  in  pressure,  due   to   static    or  dv;am"' 
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causes,  may  influence  tliis  velocity  .strongly.  Tlie  d i fTo - 
rence  in  specific  gravity  must  be  considerf<l  when  de<:idiii<( 
upon  the  proportions  of  the  ports  for  correct  mixture  in 
engines  tliat  use  ^ases  lighter  than  air.  A  disregard  of  ，lii.、 
fact  leads  to  too  rich  mixtures  and  the  engine  becomes  choked 
with  gas.  The  many  failures  of  engines  v/c»rking  with  coke 
oven  gas  are  partly  explained  by  wrongly  proportioned  gas 
ports.  At  least,  proper  operation  result  ed  in  many  cases 
from  materially  reduced  gas  ports.  To  avoid  too  intensive 
a  throttling  action  and  consequent  reduction  of  power,  the 
piping  and  ot  her  passages  lca<iin^  t  o  tlie  mixing  valve  /mi^l 
be  proportioned  liberally,  so  that  the  total  drop  in  pressure 
is  advantageously  concentrated  within  tlie  valve  itself. 

For  a  long  time  great  difficulties  were  presented  by  tlie 
problem  of  driving  variable-speed  blowing  engines  by  four- 
cycle gas  engines.  In  most  cases  the  gas  arrives  at  the  mixing 
valve  under  a  pressure  of  several  inches  of  water  above  tho 
alinosplierej  while  the  pressure  of  tlie  air  is  somewhat  less 
than  atmospheric.  When  the  machine  is  run  slower  "le 
suction  action  of  the  piston  is  reduced  and  the  intake  velocity 
of  the  air  decreases  more  rapidly  than  that  of  the  gas,  until 
fi nally  it  is  reduced  to  such  an  extent  that  nothing  but  gas 
enters  the  cylinder.  It  is  self-evident  that,  even  before  this 
point  is  reached,  the  engine  will  choke  with  gas  and  will 
stop.  A  governor  which  regulates  the  quality  of  the  mixture 
would  only  favour  this  suffocation  of  the  engine  with  gas. 
In  such  cases,  too,  the  conditions  are  improved  by  intensive 
throttling  at  norma]  speed. 

Improvements  of  design  as  well  as  improvements  in 
foundry  practice  have  reduced  the  breakage  of  cylinders  to 
a  point  where  it  is  now  rather  a  rare  occurrence.  Views 
upon  the  most  suitable  shape  still  differ,  however,  consider- 
ably. While  in  all  other  details  of  large  gas  engines  standard 
designs  have  been  developed,  which  serve  all  purposes,  the 
cylinder  designs  still  vary  considerably.  The  fact  that  some 
designers,  after  careful  experiments,  have  abandoned  t  In- 
split  jacket  cylinder  in  favour  of  the  normal  one-piece 
cylinder,  while  others,  also  after  careful  experiments,  have 
gone  in  exactly  the  opposite  direction,  and  split  not  only  the 
jacket  but  also  the  inside  cylinder,  seems  to  show  an  uncer- 
tainty in  judging  the  causes  of  breakage.  These  differences 
in  design,  however,  are  caused  largely  by  fixed  ideas  of  the 
purchasers,  whose  special  wishes  are  complied  with  by  clever 
salesmen.  The  one-piece  cylinder  is  just  as  strong  as  the  split 
one.  The  split  cylinder  has  come  principally  from  the  desire 
to  avoid  initial  stresses  in  the  direction  of  its  axis,  which 
put  the  inner  cylinder  under  tension  on  account  of  the  fact 
that  in  casting  it  cools  later  than  the  rest  of  the  casting. 
Besides,  by  casting  the  two  halves  separately  it  was  attempted 
to  obtain  as  dense  as  possible  a  wall  for  the  combustion 
chamber.  Finally,  splitting  the  cylinder  has  the  advantage 
that  customers  who  consider  a  cylinder  liner  the  proper  con- 
struction can  be  satisfied,  inasmuch  as  the  insertion  of  liners 
in  one-piece  cylinders  presents  some  difficulties,  though  these 
are  not  to  be  considered  insurmountable. 

Besides  the  advantage  of  simplkit v  and  the  absence  of 
the  danger  of  leakage  in  the  highly-?trained  cylinder  joint, 
the  one-piece  cylinder  allows  a  better  transmission  of  the 
forces  from  the  cylinder  to  the  frame.  As  a  matter  of  fact, 
breakage  on  account  of  strains  in  tlie  casting  or  from  expan- 
sion due  to  heat  has  not  occurred  in  cylinders  that  were 
properly  reinforced.  Improvements  in  foundry  practice  liave 
undoubtedly  helped  to  avoid  such  breakage. 

While  breaks  have  an  origin  in  the  strains  set  up  by 
irregular  cooling  of  the  casting  or  by  irregular  heating  in 
operation,  cracks  of  an  entirely  different  nature  have  been 
observed  on  the  walls  of  the  combustion  chamber.  Tliese 
so-called  fire  cracks  always  start  in  a  place  where  the  trans- 
mission of  heat  to  the  cooling  water  was  impeded  from  some 
cause  or  other.  The  cause  of  these  cracks  is  to  be  found  in 
the  stresses  produced  by  unequal  temperatures  within  the 
same  wall.  In  the  smootli  and  homogeneous  wall  the  diffe- 
rences in  temperaturo  of  (ho  <li(Yerent  strata  are  small  and 
tl»e  temperature  of  the  wall  is  <om])arativelv  low,  as  】on»  as 
accumulated  scale  or  similar  causes  <lo  not  ollVr  an  obstacle 
to  the  transmission  o(  heat.  Wlien,  however,  the  capacity  of 
tlie  wall  for  condiu-ting  heat,  or  the  rate  of  transmitting  heat 
to  the  cooling  water  is  reduced,  there  will  be  accumulation 
of  heat  which  will  cause  a  considerable  rise  of  temperature 
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during  Uir  expaiisiun  ； i n<_l  exhaust  strokes.  Tlic  niati'rinl 
will  tend  to  expauci  according  to  the  average  teiiipt'i';"u'(、 '"' 
the  wall,  and  it  will  b'、  able  to  do  tliis  without  r(、sist;m('i' 
ber;iuse  it  was  unde  r  tension  on  account  of  Hie  st  rain  in  1  In- 
casting.  In  operntion,  therefore,  the  st  rain  will  be  relieved. 
On  account  of  temperat urc  differences,  however,  in  difTeictil 
strata  of  the  wall,  there  will  be  stresses  in  1  lie  wall  itself, 
compression  in  the  hotter  zones  and  tension  in  the  cooler  ones. 

This  condition  of  stress  can  be  com  pa  red  wit  h  t  luit  cxisl 
ing  in  a  bar  being  bent  towards  the  inside  of  tlie  cyliudrr. 
In  the  hotter  layer  the  expansion,  being  resisted,  causes 
compression  stresses,  and  in  the  colder  layers  there  will  l>r 
tension  stresses.  As  soon  as  cold  mixture  is  admitted  during 
the  next  suction  stroke  the  surface  of  the  wall  is  cooled 
intensively.  The  inside  layers  of  the  wall  cannot  follow 
rapidly  enough  to  cause  the  establishment  of  settled  con- 
ditions corresponding  to  this  flow  of  heat.  The  mean  tem- 
perature of  the  wall,  and  consequently  its  average  expansion, 
ran  only  be  affected  very  slightly  during  the  first  nionient  of 
internal  cooling  by  the  entering  cold  mixture.  The  inner- 
niost  layer  will  be  umk'r  strong  tension  on  account  of  t  hi- 
sudden  cooling.  This  jumping  of  the  temperature  acts  upon 
the  material  iu  much  the  same  manner  as  sudden  flexure  from 
the  inside  to  the  outside  would.  The  inside  layer  of  the  wall 
of  the  combustion  chamber,  therefore,  is  exposed  to  the  same 
kind  of  stresses  as  the  outside  fibre  of  a  bar  that  is  con- 
tinuously bent  in  both  directions  by  blows.  The  stresses 
which  occur  under  these  conditions  are  about  proportional  to 
the  difference  in  temperature,  the  coefficient  of  heat  expansion, 


j);)ss;i^cs  t'nr  itilH  ； ui'l  rx  h;i  usl  v;'lvcs  n rc  I  lierct'orc  not  suit- 
； il'lr,  ； 1 1  id  l.'itoly  Hie  form  shown  in  Fig.  sl  is  very  properly 
prefer  red.  Here  t  lie  valves  ai'c  brouglit  close  t  o  1  lie  iniHT 
surface  of  the  cylinder. 

In  ； i  m uch  inoi'c  cflVct ive  idmiukm'  than  by  "i(、asui'('s  of 
design  can  the  heat  cracks,  and,  iu  fact?  all  cracks  that  ovrwv 
in  gas  engine  cylindory,  be  a  voided  by  proper  choice  of  ；] 
material,  the  constanl  of  which  (coefficient  of  heat  exp;insinn 
mull i])]iod  by  mod ulus  of  elasticity)  is  less  with  tlie  sanif 
tensile  strength  than  in  the  case  of  the  cast  iron.  The  less  tlif* 
expansion  from  lieat  (which  is  the  real  cause  of  the  strain)  an<l 
the  more  clastic  the  iimU、rial，  tlie  less  tlie  strain .  Consid v rin^ 
tlie  enormous  progress  which  metallurgical  science  li;is 
recorded  in  tlie  past  few  years,  a  solution  of  this  question  of 
material  should  appear  possible,  and  the  more  so  as  nickel 
steel  alloys  have  actually  been  made  far  accurate  rules,  in 
wliicli  expansion  from  heat  cannot  be  detected  at  all. 

An  investigation  of  the  coitstants  in  question  (coefficieni 
o f  heat  expansion  multiplied  by  modulus  of  elasticity),  upon 
which  J (L'petRls,  according  to  the  foregoing,  the  strain  of  the 
material  resulting  from  uneven  temperature,  shows  t  lini 
steel  castings  are  not  suitable  for  gas  engine  cylinders.  Tho 
larger  expansion  due  to  heat,  as  compared  with  cast  iron,  and 
the  very  much  higher  modulus  of  elasticity,  causes  increased 
stresses,  while  the  strength  of  steel  cast  is  not  proportionately 
greater.    Experience  confirms  this  conclusion. 

The  principal  task  upon  which  the  gas  engineer  is  labour- 
ing incessantly,  besides  that  of  enhancing  the  reliability  of 
the  machine,  is  that  of  making  it  cheaper,  partly  by  simplify- 


. —Split  Jacket  Gas-engine  Ctlindeb,  with  Split  Inside  Cylinder.  Points 
at  x  abe  subject  to  heat  accumulations  and  therefore  to  cracks. 


；. -2.— Kecknt  Design  of  One-piece  Gas-engine  Cylinder, 
without  Globe-shaped  Passages  to  Valves. 


and  the  modulus  of  elasticity,  if,  indeed,  one  can  speak  of 
such  in  the  case  of  cast  iron. 

This  is  an  extraordinarily  unfavourable  case  of  strain. 
Cases  of  strain  on  account  of  sudden  changes  of  temperature 
are  not  rare,  but  these  conditions  are  worst  in  the  cylinders 
of  gas  engines,  on  account  of  the  rapid  succession  of  the 
changes  in  temperature.  A  mathematical  deduction  of  these 
stresses  is  out  of  the  question  on  account  of  the  impossibility 
n('  nKtaiiiing  even  half-way  accurate  data  on  the  distributioii 
of  temperature  at  any  one  moment  over  the  different  zones 
of  the  wall.  If  we  bear  in  mind,  however,  that  a  difference 
in  temperature  of  200°  Fah.,  when  the  expansion  is  restrained, 
corresponds  to  a  strai】i  of  about  15,0001bs.  per  square  inch, 
we  are  surprised  to  find  that  cracks  do  not  occur  more  often. 
The  occurrence  of  a  crack,  which  in  the  beginning  is  scarcely 
Jm.  deep,  apparently  relieves  the  strain  to  a  certain  extent, 
and  only  the  natural  tendency  of  the  cast  material  to  con- 
tinue to  break,  together  with  the  external  mechanical  forces, 
causes  the  crack  to  open  further.  In  most  cases  drilling  and 
caulking  at  the  end  of  the  crack  will  stop  this.  The  timely 
discovery  of  the  crack  is,  however,  rather  difficult,  as  it  is  not 
open  after  the  wall  is  uniformly  cooled. 

The  first  step  in  combating  the  occurrence  of  these  cracks 
must  reduce  their  real  source,  i.e.,  the  differences  in  tem- 
perature, to  an  amount  that  is  harmless.  As  the  sudden 
changes  of  temperature  are  caused  by  the  very  nature  of  tho 
gas  engine  cycle,  these  attempts  must  be  confined  to  avoiding 
； ill  irregular  ignition  and  slow  combustion,  both  of  which 
arc  likely  to  increase  the  temperature  of  the  cycle  beyond  the 
normal,  as  well  as  the  difference  in  temperature  when  the 
sudden  change  occurs  at  the  beginning  of  the  suction  stroke. 
Furthermore,  it  is  necessary  to  make  the  conductivity  of  the 
wall  uniform  in  order  to  avoid  all  accumulations  of  heat  in 
t!ie  material.  It  is  therefore  necessary  to  avoid  all  ； "  ('umula- 
tioiis  of  material.     The  roinnioiily  used  globe  or  onion- slnipcd 


ing  its  construction,  partly  by  increasing  its  output.  At 
present  it  can  hardly  be  imagined  that  the  gas  engine  can 
be  made  cheaper  by  making  its  construction  simpler,  now 
that  the  complicated  valve  gears  have  disappeared.  Reduc- 
tion of  weight  is  not  to  be  recommended.  Until  recently 
experience  has  demanded  a  continuous  increase  of  engine 
weights.  Economy  in  material  would  reduce  reliability  and 
length  of  life  of.  the  machine.  The  mechanism  has  been 
developed  into  standard  designs,  so  that  in  this  detail  there 
is  nothing  to  be  saved.  Somewhat  better  prospects  seem  to 
be  opened  by  the  attempt  to  reduce  the  cost  by  increasing 
the  output  of  the  machine  of  a  given  size. 

Increasing  the  number  of  revolutions  per  minute  is  not 
practicable ― at  least,  not  with  less  combustible  gases,  such 
as  blastfurnace  gases.  The  reliability  of  the  machines  would 
be  lessened,  not  even  considering  the  fact  that  tlie  time 
available  for  the  combustion  of  the  mixture  is  too  short  and 
that  therefore  the  losses  on  account  of  incomplete  combustion 
would  become  too  large.  A  comparison  of  the  results  of 
operation  of  gas-operated  blowing  engines,  which  run  rela- 
tively slow,  and  engines  driving  dynamos,  proves  that  tlie 
former .  require  considerably  less  repairs  than  the  latter. 
Increasing  the  number  of  revolutions  would  increase  tli©  idle 
time  on  account  of  repairs,  and  a  gain  in  output  can  liardlv 
be  expected. 

A  method  for  increasing  the  output  wliich  lately  has 
attracted  renewed  interest  consists  in  increasing  the  pressure 
()f  tlie  charge  and  simultaneous  scavenging  of  the  exhaust 
gases.  In  this  manner  a  given  suction  volume  of  an  engine 
can  accommodate  a  larger  weight  of  charge,  and  greater  out- 
put of  power  can  be  attained.  The  original  purpose  of  this 
method,  which  has  been  known  in  England  for  many  years, 
was  the  avoidance  of  pre-ignition  by  scavenging  the  cylinder 
of  what  remained  of  the  hot  exhaust  gases.  It  is  the  corn- 
petition  into  wliich  the  gas  engine  lias  lately  had  to  cuter 
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with  the  s( cam  I  urhine  t  hat.  lias  1  u  I  li^  t'coiil    I  In' 

possil)ilily  uf  increased  power  output,  and  (:( 川 s('(ii"'m11  v  lower 
cost  of  the  machine  per  unit  of  power. 

The  simplest  mrt  liod  of  realising  tin1  sclicnu'  of  s (-; ivcn^iti^ 
and  charging  consists  in  closing  the  exhaust  valve  late  and 
opening  the  inlet  valve  early.  The  time  during  which  both 
valves  are  open  is  used  for  scavenging.  Iti  order  surely  to 
avoid  loss  of  gas,  the  charging  with  gas  is  only  (，ormnei"'e(l 
after  the  exhaust  valve  is  closed.  At  the  end  of  the  suction 
stroke  the  mixing  cliamber  must  be  cleansed  of  r (川山 ustihle 
mixture  by  scavenging,  or  rinsing,  with  pure  air,  as  other- 
wise backfires  would  occur  at  the  beginning  of  ilie  next- 
scavenging  period.  Gas  and  air  are  brought  to  the  machine 
under  a  pressure  of  about  31bs.  per  square  inch  gauge.  On 
account  of  this  increased  pressure  the  weight  of  the  charge 
is  about  20  per  cent,  greater  than  that  of  the  】iormal  metliod . 
Scavenging  the  combustion  chamber  also  furnishes  t'urt  Iut 
space  for  fresh  mixture.  Experiments  have  shown  a  mean 
effective  pressure  of  about  lOOlbs.  per  square  inch.  In  con- 
tinuous operation,  in  so  far  as  we  can  speak  of  such  in  experi- 
ments, mean  effective  pressures  of  851bs.  per  square  inch  can 
be  reached. 

Undoubtedly  such  results  present  much  that  is  attractive, 
especially  as  the  output  can  still  be  increased  by  further 
increasing  the  pressure,  and  as  this  would  give  to  the  gas 
engine  the  capacity  for  overloads  which  heretofore  it  d id  not 
possess  in  the  same  sense  in  which  steam  engines  do.  Experi- 
ments have  also  proved  that  these  overloads  can  be  liad 
without  an  increase  of  the  maximum  pressure.  This  is  done 
by  reducing  the  compression. 

In  spite  of  the  lower  compression  the  heat  consumption 
per  unit  of  power  was  not  increased.  It  seems  that  this 
result  is  explained  first  by  better  combustion  of  the  charge, 
which  is  not  contaminated  by  the  remains  of  the  exhaust 
gases,  and  secondly  by  a  decreased  percentage  of  loss  in  the 
cooling  water.  The  predominating  influence  can  only  be 
found  by  means  of  carefully  measured  heat  balances,  which 
at  present  are  not  available.  The  increased  temperature  of 
the  cylinder  walls,  which  has  been  found  thermo-electrically, 
has  caused  objections  against  continued  operation  with 
scavenging  and  forced  charge.  A  certain  justification  cannot 
be  denied  to  these  objections.  The  decrease  of  continuous 
loads  is  the  very  factor  that  has  contributed  to  overcome  the 
difficulties  of  operation.  To  endanger  a  regular  operation 
by  increasing  the  power  output  must  appear  to  be  a  dangerous 
experiment  in  just  such  cases  where  the  equipment  is  insuffi- 
cient and  an  increase  is  highly  desirable.  The  disposition 
on  the  part  of  operating  engineers  to  await  developments  is 
easy  to  understand.  The  present  satisfactory  operation, 
which  is  the  result  of  years  of  toil,  is  making  these  engineers 
justly  conservative. 

The  endless  desire  of  gas  engine  builders  to  improve  the 
economy  of  the  gas  engine  has  lately  brought  to  the  front 
interest  in  the  utilisation  of  waste  heat.  According  to 
experience,  a  blastfurnace  gas  engine  dynamo  consumes  in 
continuous  service  on  the  average  about  16,000  B.T.U.  per 
kilowatt>hour.  Of  this  amount  of  heat  only  3,412  B.T.U.  is 
converted  into  electrical  energy.  Of  the  balance,  12,588 
B.T.U.,  the  mechanical,  electrical,  and  radiation  losses  have 
to  be  regarded  as  unredeemable,  as  well  as  the  energy  con- 
tained in  the  unburned  gases.  The  heat  in  the  cooling  water, 
about  4,800  B.T.U.,  and  that  in  the  exhaust,  about  5,200 
B.T.U.  per  kilowatt-hour  is,  however,  available  for  a  more 
or  less  perfect  further  utilisation.  The  high  temperature  of 
the  exhaust,  about  880°  Fah.,  measured  at  the  exhaust  flange, 
makes  possible  its  immediate  use  for  the  generation  of  steam 
in  boilers,  which  have  to  be  placed  as  closely  as  possible  to 
the  exhaust  chamber.  As  a  matter  of  fact,  it  is  possible  to 
obtain  about  21bs.  of  high-pressure  steam  per  kilowatt-hour 
of  the  gas  engine. 

The  utilisation  of  the  heat  in  the  cooling  water  is  not 
possible  as  directly  as  fhis.  The  further  use  of  this  heat  for 
power  purposes  means  the  generation  of  steam,  and  this 
requires  a  considerably  higher  temperature  than  that  cus- 
tomary to-day  in  large  gas  engines.  Karl  Semmler  suggested 
as  long  ago  as  10  years  that  gas  engine  cylinders  be  cooled 
with  water  hotter  than  212°  Fah.,  and  that  this  water  be 
put  under  pressure  in  order  to  avoid  the  generation  of  steam 
in  the  jacket.     Evaporation  commences  only  outsido  of  tlio 


wlicu  i  lie  suiK'rlicaled  water  is  山 i「U  tlm 川 gli  a 
*  Inotlle  valvo  into  ； i  steam  d rum.  It  may  ho  easily  uuder- 
st<)"il  tliat  tli is  •'  hot  i-oo\i\iir  "  srlif'm"  has  been  regarded 
ratiier  sc^piically  loi-  a  long  time.  About  a  year  ago  it  was 
decided  at  the  Rornbaclier  Hucttcii  WVrke  to  trv  SeinniU-r's 
cooling  method  on  an  800  kw.  tandem  engine.  Tl"'  n-sult  - 
in  operation,  which  are  available  to-day,  are  entirely  favour- 
able. The  hot  jacket  not  only  did  not  hurt  the  cylinder, 
but  it  caused  apparently  a  softer  and  quieter  operat ion  of  the 
machine. 

Tlie  use  of  distilled  water  in  a  closed  cycle,  the  consider- 
ably higlier  temperature  of  the  outer  cylinder  wall,  wliicli 
causes  nearly  equal  average  temperatures  of  the  inner  and 
outer  cylinder  walls,  are  surely  advantages  which,  if  tlie 
favourable  experiences  last,  merit  more  consideration  than 
the  recovery  of  waste  heat.  The  amount  produced  is,  in  tlio 
case  of  the  engine  mentioned,  about  I  I lbs.  of  steam  of  low 
pressure  per  kilowatt-hour.  There  is  no  doubt  that  this 
figure  can  be  very  much  improved  by  designing  the  cylinders 
more  suitably  for  this  purpose,  by  careful  insulation,  and  hv 
connecting  the  cooling  water  from  the  piston,  which  heretofore 
has  not  been  used. 

The  results  achieved  in  recovery  of  waste  heat  will  be 
of  different  practical  value  for  different  types  of  blastfurnace 
plants.  Where  there  is  a  steam  plant  in  addition  to  gas 
plants,  it  would  be  advantageous  to  shut  down  some  of  tlie 
boilers  and  substitute  steam  from  the  waste-heat  boilers  by 
connecting  them  to  the  steam  mains,  because  this  steam  can 
be  produced  almost  without  cost  for  attendance  and  for  fuel, 
and  therefore  as  cheaply  as  is  possible. 

In  conclusion,  it  is  well  to  touch,  in  a  few  words,  upon 
tlie  competition  between  the  gas  engine  and  the  steam  tur- 
bine, which  lately  has  become  very  keen .  The  steam  turbine 
has  doubtless  made  much  progress  during  the  last  few  years. 
In  its  perfected  form,  in  which  we  know  it  to-day,  it  is  a 
thoroughly  reliable  machine.  Tts  overload  capacity,  with 
nearly  constant  steam  consumption  per  power  unit,  is  limited 
by  its  accessories,  as  boiler  and  condenser.  In  addition, 
there  is  its  principal  advantage  of  lower  first  cost  as  compared 
with  the  gas  engine.  Its  disadvantage  is  the  higher  con- 
sumption of  heat  per  unit  of  power.  The  gas  engine  produces 
approximately  twice  the  amount  of  energy  from  a  given 
amount  of  heat,  and  is  therefore  vastly  superior  as  a  fuel 
saver  from  the  economic  point  of  view.  To  the  business  man, 
however,  the  question  of  lower  first  cost  often  appeals  more 
strongly.  The  favourable  balance-sheet  of  the  current  year 
pleases  him  better  than  the  quiet  satisfaction  of  the  know- 
ledge that  he  has  saved  valuable  treasures  of  fuel  for  his 
great-grand-children.  But  even  from  this  standpoint  the 
gas  engine  can  be  victorious  over  the  steam  turbine  in  cases 
w— re  the  available  waste  gases  are  not  so  abundant  that 
their  combustion  under  steam  boilers  would  suffice  to  satisfy 
the  existing  requirements  for  electrical  energy.  Whether  and 
to  what  extent  these  conditions  will  be  changed  by  the  new 
method  of  surface  combustion  is  a  matter  which  the  future 
will  show. 


BROWN,  BOVERI  GAS  TURBINE. 

The  accompanyiug  diagrammatic  sectional  view  shows  a 
combination  of  gas  motor  and  compressing  means,  comprising 
explosion  chambers  disposed  at  each  end  of  a  liquid  play 
pipe,  the  invention  of  Messrs.  Brown,  Baveri,  &:  Cie.，  of 
Bfden,  Switzerland.  The  apparatus  is  shown  in  combination 
with  a  gas  turbine  G,  whicli,  for  instance,  drives  an  electric 
current  generator  H,  the  combustion  chamber  J  of  the  tur- 
bine being  supplied  with  the  necessary  fuel  by  the  chambers 
A  and  B,  respectively.  On  the  turbine  shaft  there  is  also 
mounted  a  blower  K  communicating  with  the  conduit  L, 
which  serves  for  scavenging  tli©  combustiou  chambers  S,  T. 
In  operation,  when  a  combustion  takes  place  in  the  chamber 
S，  the  chamber  in  that  case  being  completely  or  approximately 
completely  filled  with  water,  the  column  of  water  D  is  accele- 
rated under  the  influence  of  the  expanding  gases.  Through 
the  kinetic  energy  of  the  co】unin，  there  is  compressed  on  the 
one  hand  a  gaseous  medium  in  the  compression  chainber  B 
wliioh  is  tli  en  expelled  and  forced  into  the  combustion  chani- 
ber  J,  and  on  the  other  hand  simultaneously  or  approxi- 
mately siimiltaneously  a  gaseous  medium  is  compressed  in 
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the  chamber  T，  whit-h  gaseous  medium  is  to  he  used  tor  t lu* 
next  combustion  in  the  compressor.  As  soon  as  the  pressure 
oi  the  gases  in  the  chamber  S，  in  wliich  the  combustion  took 
place,  has  sunk  during  tlieir  expansion  below  the  outside  air 
l'i''、、ure  (which  is  due  to  the  column  of  water  which  continues 
its  surging  movement  even  after  the  cessation  of  the  gas 
pressure),  a  gaseous  medium,  for  instance,  fresh  air  is  drawn 
into  the  chamber  A  as  well  as  air  and  fuel  mixture,  respec- 
tively, into  the  chamber  S  after  the  residues  of  combustion 
have  been  expelled  from  this  chamber  by  injected  scavenging 
air,  while  the  exhaust  valves  are  open  and  the  admission 
valves  closed.  A  combustion  is  then  effected  in  the  chamber 
T,  and  thereafter  the  same  process  is  repeated  in  a  reverse 
direction.  Each  stroke  therefore  is  a  working  or  effective 
stroke.  In  the  combustion  chambers  S，  T  therefore  com- 
bustions are  always  taking  place,  and  main  compressions  (so 
called  as  to  distinguish  them  from  the  compression  of  tlie 
media  required  for  the  compressor  itself)  in  the  compression 
chambers  A，  B.  In  consequence  of  this  separation  at  each 
end  a  practieallv  isotlierinal  main  compression  is  obtained. 
The  two  processes,  combustion  and  main  compression,  do 
not  mutually  deteriorate  the  efficiency.  The  material  is 
preserved,  and  the  air  which  is  to  be  compressed  and  to  be 
used  outside  the  apparatus  is  not  mixed  with  the  residues  of 
combustion. 

The  compression  of  the  air,  gas,  or  of  the  gas  and  air 
mixture  both  for  the  chambers  A,  B  and  S，  T  may  be  effected 
in  stages.  As  an  example  the  preliminary  compression  may 
l>e  effected  by  means  of  the  compressor  M  shown  in  dotted 


liquid  (that  is,  at  the  end  where  the  explosion  has  just  taken 
place),  whereupon  the  cvrle  of  operations  is  repeated  in  tlie 
uj)](f)site 
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linos,  tlie  final  compression  taking  place  in  the  chambers 
A，  1)'  and  S,  T.  Graduated  oom])iession  may  also  be 
obtained  hy  suitably  arranging  several  compressors,  for 
instance,  the  compressor  K  and  M  in  series.  Finther, 
the  compression  may  be  sub-divided  hy  arranging  tlie  cham- 
bers A  and  B  in  series  and  by  p re-compressing  the  air  in  A 
and  further  compre.ssiiig  the  same  in  B.  Also,  for  instance, 
air  in  ay  he  compressed  in  tlie  chamber  A  and  gas  in  the 
<*lia»nber  B  in  order  to  produce  a  combustible  mixture  subse- 
fjtietitly  where  desired,  for  instance,  in  the  combustion 
chamber  J  of  the  turbine.  Pistons  may  if  desired  be  inter- 
]>osed  in  known  manner  between  the  gases  which  are  used  for 
rombust ion  and  the  colmmi  of  water  in  older  to  reduce  trims- 
mission  of  heat  from  tlie  expanding  hot  gases  to  the  water 
a n (1  to  prevent  evaporation  of  water  aiul  mixing  of  the  rosuli- 
idg  steam  with  the  gases  in  the  combustion  clwimbers.  The 
rompression  o f  air,  gas,  or  mixture  necessary  for  tlie  comlms- 
tion  required  for  accelerating  the  water  rolmmi  may  l>o 
effected  partly  or  wholly  in  a  chamber  separated  by  a  valve 
I  intii  t lie*  rliati 山 ers  S，  T，  respectively,  to  which  separate 
chamber  air  may  }>e  supplied  from  another  source  or  from  a 
He  vice  driven  hy  the  gas  turbine,  or  by  the  compression  chain- 
be  i-s  A  ;iii<l  "H，  I'espect  i  vtMv.  Tlu'  ex  li;t  us(  ^ases  of  the  turWi  nc 
are  preferably  used  for  pre-lieatin^  tlie  compressed  air  io 
rjiiiied  for  ootiihustion. 

Tn  the  anati^enieiit  described  the  roluinn  of  liquid  is 
always  acrelerated  under  the  influence  of  an  expansion  of 
teases  caused  l)y  the  action  of  an  explosion,  wliere])y  1  lio 
iiiediiuii  to  he  oompiessed  and  to  l>e  used  outside  the  coui- 
pf  is  deli vor*'d   in  (he  reijiiifpd  st ； itti  ol'  cumprossion  1o 

tlie  ro»nl)ustio)i  rliani!>er  of  ihe  gas  turt)ine,  while  approxi- 
mately at  tlie  same  1  ime  the  air  required  })y  the  compressor 
it  elf  lor  rumlMisI  ion  "r  t  he  mixture  for  the  next  tollowing 
cornhusl ion  is  compiessod,  aiul  fresh  air  or  gas,  or  a  gas  and 
； 1 1 1  in  i  \ t  ur*1,  is  sucked  in  at  tlio  opposite  end  ul'  i  ho  coliinm  of 


ROLLER  AND  BALL  BEARINGS. 

In  a  lecture  recently  delivered  before  the  Institution  of 
Automobile  Engineers,  Prof.  Jolm  Goodman,  of  the  Leeds 
University,  dealt  in  an  interesting  manner  with  the  design 
of  ball  and  roller  bearings.  Tlie  lecturer  has  given  the  subject 
considerable  attention  during  the  past  15  years,  during  which 
time  he  has  conducted  many  experiments  on  both  types  of 
bearings.  One  result  of  his  investigations  lias  led  to  the 
establishment  of  the  following  formula  which  gives  the  maxi- 
mum working  load  in  pounds  to  be  allowed  for  any  giveu 
hall-bearing. 

K  ///  fF 
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where  ///  =  the  number  of  balls  in  the  bearing  ； 
(l  ―  thei  diameter  of  the  balls  in  inches  ； 
N  二  revolutions  per  minute  ； 

D  =  diameter  of  ball  race,  diameter  being  taken  from  the 
point  of  contact  of  the  ball  with  the  race,  or  for  a  thrust 
bearing  D  =  t h e  diameter  taken  from  the  centres  u t'  tlio 
balls.    The  constants  C  and  K  are  as  follows  ： ― 

For  thrust  bearings  ： ― 

. C.  K. 
Flat  races  ...     200     ...  500,000 

Hollow  i-cacss    200  from  1,000,000  when  tlie  radius  of  tlio 

race  is  about  twice  t  liat 
of  tlie  ball, 
to    ]  ,250,000  wlien  the  radius  of  tlio 
race  is    ^ths  that  of 
the  l)all. 

For  journal  hearings  ： ― 

C.  K. 
Flat  races...  2,000     ...  1,000,000 

Hollow  races  2,000  from  2,000,000  where  the  radius  of  Hie 

race  is  about  twice  that 
of  the  ball, 
to    2,500,000  where  the  radius  of  the 
race  is  about  j^ths  that 
of  the  ball. 

The  question  of  roller-heai'ings  was  fi rst  dealt  with.  When 
an  elastic  roller  rolled  on  an  elastic  bed  there  was  always 
slipping,  the  amount  of  this  slipping  depending  very  largely 
upon  the  load,  /•,'.，  there  was  a  small  amount  of  slip  with  a 
very  light  load,  and  a  comparatively  large  amount  of  slip  with 
a  heavy  load.  In  the  case  of  roller  bearings  end  tlnust 
resulted  in  the  rollers  wearing  right  through  the  end  of  the 
cage,  and  in  addition  setting  up  a  vibratory  action  on  the 
hearing,  which  enormously  increased  the  friction  of  tlie  bear- 
intr.  End  tlirust,  lie  pointed  out,  might  easily  amount  to  ;i 
(jwarter  or  a  third  of  the  total  load  on  the  bearing.  With  «*i 
1 04 on  load  on  a  bearing,  from  21  tons  to  3  tons  end  pressure 
would  )>e  encountered,  and  the  direction  of  tlie  end  thrust 
always  reversed  wlien  the  direction  of  rotation  of  the  shaft 
was  reveised.  He  mentioned  a  case  where  40  or  50  railway 
wagons  were  fitted  with  roller  bearings  which  had  to  he  put 
<nit  oC  service  owing  to  the  amount  of  end  thrust,  which  in 
some  cases  IkuI  worn  ri^ht  tliroiigli  the  rasing.  This  eiul 
I  hrtist  with  roller  hearings  occurred  however  good  tlie  work  - 
mansliip,  altliough  one  form  of  roller  hearing  in  wliicli  the 
length  of  the  roller  was  a]>proxinialely  equivalent  to  tlie 
'liaiiK'to?-,  the  end  tlirust  was  almost  absent.  The  l"Mmvi 
r^iVrred  to  tlie  satisfactory  service  given  hy  the  ]>lain  roller 
bearings  used  on  light,  railway  wagons  of  the  Ko]>)>el  ty\n\ 
ihe  bearings  being  practically  pieces  cut  off  mild-steel  rods 
w i ( 1 1  the  ends  roundetl.  The  results  f)l)tained  wit li  tliis  clieaj) 
foini  curiously  enou^li,  }>oon  I'ouml  to  l»e  almost,  e'pial  to 

i  he  most  expensive  type  of  roller  boaring.  The  tests  showed  t 
hetter  results  were  ucliievod  with  lono;  rollers:  hut  th^se,  he 
remarked ，  could  not    ho  regarded    Kv    any    means    as  an 
niHjiialilied  success. 

Pioi'.  CJoodman  staled  \  hat-  with  a  properly-desi^netl  roller 
I tearing  in  \vlii**li  tlie  end  thrust  was  extremely  small,  the 
fi  ict  ion  was  to  all  inlonts  and  purposes  in(le])eiu1ent  the 
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lul)rica<ion  ；  hut  wIhmi  a  lart;o  amoiiiit  o\'  (mk!  I  Itru^t  m;mi- 
t'ested  itself,  i  hen  lul)rication  made  a  very  considerable 
(lid'erLMice,  tor  tlie  simple  reason  tlwit^  wlicu  tliere  was  little 
fm(l  thrust  a  pure  rolling  act  ion  was  olttjiined,  、vlii'r,';is  with 
end  thrust  there  was  a  large  amomii  of  friction  、、'(','"  tlt<' 
ends  of  the  cage  and  the  flange  of  tlie  rasing.  In  these 
instances  lubrication  did  good.  Friction  with  roller  bearings 
lidcl  been  determined  to  be  almost  independent  of  the  speed, 
ami  in  all  roller  hearings,  hatl  and  good,  tlie  starting  effort 
was  very  little  greater  than  the  nuinirig  effort,  which  was 
admitted  to  l)e  a  point  in  their  favour  I'or  macliinery 
constantly  starting  and  stopping.  With  tlie  woi  st  type  of 
roller  hearing  flu1  friction  was  lower  than  in  an  ordinary 
hearing  with  poor  luhiicatioii  ；  hut  a  roller  hen riu^  in  these 
conditions  was  not  so  good  as  a  bearing  riimiing  in  a  bath 
of  oil. 

Turning  his  attention  to  hall  l)earin^>  lie  pointed  out  that 
tliere  was  no  end  tlwust  at  all,  and  the  frirtimi  was  vcrv  murli 
less  tlian  in  tlie  majority  of  roller  bearings  ；  licnce  there  was 
a  good  deal  to  be  said  in  their  favour.  It  might  be  said 
against'  this  statement  that  a  IimII  hearing  hotv  only  on  a 
point,  whereas  the  roller  bearing  bore  ()"  a  line  ；  hence  a  Imll 
bearing  of  a  certain  size  rould  not  possibly 
carry  so  high  a  load  as  a  roller  bearing. 
There  was,  he  admitted,  an  element  of  trut li 
in  this,  hut  it  was  not  the  whole  truth. 
WUii  ecjually  good  material  in  rollers  and 
balls,  and  in  the  absence  of  end  thrust  on 
the  roller  bearing,  the  argument  would  hold 
I'igidly  ；  but  since  end  thrust  did  come  in 
witli  the  roller  bearing,  with  other  troubles 
in  consequence,  practically  any  type  of  ball 
bearing  was  able  to  carry  a  much  bigger 
load  than  the  roller  bearing.  In  the  case  of 
ball  bearings  it  was  essential  that  the  balls 
and  the  ball  races  were  made  of  high-class 
material  and  with  a  sufficient  degree  of 
accuracy.  This  was  obvious  from  the  fact 
tliat  tlie  difference  of  a  thousandth  of  an 
inch  in  diameter  between  balls  in  the  same 
bearing  resulted  in  an  extra  load  of  abcut 
20()lbs.  being  placed  on  the  larger  ball 
The  wear  of  ball  bearings  in  the  case  of  a 
I'mpei'ly  made  bearing  was,  he  stated,  practically  nil.  After 
riimiing  ball  bearings  tor  15  years '  continuous  work  he  had 
only  had  half-a-dozen  actually  break  in  tlie  testing  niacliine. 
Prartirally  all  the  failures  were  due  to  the  peeling  of  the 
sm  t'ace  of  the  ball,  due  to  overloading.  Ball  bearings  required 
practically  no  lubrication ― certainly  not  more  than  once  in 
t、v"  or  three  months,  and  then  merely  to  prevent  rust.  If 
nist-  could  }>e  prevented  a  hall  })eai-in^  'wmih!  i-iui  just  as  well 
without  oil  as  with  it. 


relatively  larger  (liame""'  tlian  tlie  oilier  water  tubes  A，  and 
they  also  extend  between  the  upper  and  lower  vessels.  The 
back  wall  tubes  E  corrinuuncate  at  their  upper  ends  witli  the 
rear  of  the  upper  vessels,  and  at  their  lower  ends  with  a 
at  the  rear  of  the  lower  vessels,  partitioned  of  J  l)y  a  removable 
diaplira^nn  h，  to  form  a  depositing  cliamljer,  whicli  is  in  a 
position  most  remote  from  the  fu rnace.  These  tulns  I':  ； 
lagged  or  protected  by  brickwork  from  tlie  act  ion  of  tli''  (ii  <• 
gases.  A  "iu(l  dnun  G  extends  transversely  heneat h  t lif 
depositing  chamber,  and  it  is  connected  to  the  lower  vessels 
by  a  double  row  of  tubes  K，  so  designed  as  to  permit  oi  c<n\ 
siderahle  flexibility.  The  removable  diaphragm  F  f'x"'ml、 
between  tlie  upper  ends  of  the  two  rows  of  tubes,  so  that  I \\o 
back  row  acts  as  clown-comers,  and  the  front  row  sii|,plif'、 
water,  freed  from  sediment,  to  tlie  lower  vessels.  A  steam 
drum  1 1  extends  ( raiisversely  above  the  rear  of  the  t  on  i- 
elements,  being  connected  to  earli  of  the  upper  vessels  1>\* 
flexible  tubes.  Between  the  front  wall  D  of  tlie  larger  tuhe^ 
and  tlie  smaller  water  tubes  a  space  is  also  left.  Tliis  sjiact- 
is  provided  to  receive  a  superheater  in  the  form  of  horizontal 
rows  of  U-shaped  tubes  J,  the  length  of  these  tubes  heing 
preferably  sucli  that  tliey  extend  across  two  of  the  element?. 


TODD  S  WATER-TUBE  BOILER. 

The  accompanying  sect  ion  ;il  views  show  a  construction  of 
waler-tuho  boiler  (lesi^ne<l  and  patented  hy  Air.  David  R. 
Todd,  ：\{)  and  A ivaile  ( Miainlters,  St.  Mary's  Gate,  Man- 
('liester.  Kacli  element  of  the  hoiler  coinprises  upper  aiul 
lower  vessels  cumierted  l,v  vortical  water  lul.es  A  of  small 
diainetei-.  These  vossols  nro  seini-cylindiiral  and  identical  in 
r"iis。+u('timi,  the  opposing  Hal  surfaces  IWming  tuhe  plains, 
into  apertures  iu  which  the  ends  of  the  vertical  water  tubes 
liVe  serm'ed.  Theso  elements  extend  lenc/thwise  of  and  al)ove 
l、inia''p  cliamlier.  Tin1  rear  |toi(ioii  of  tlio  lower  vessels 
is  su|)|""'"mI  on  a  roller  in  tlie  hoiler  rasing,  so  that  tlio  whole 
elwneiit  is  I'reo  in  ex|>arul  ；"'  that  end.  Throuoh  hotti  ilio 
h'wer  "ml  u|>j)tM-  vessels  an  aperture  is  t'orinod  near  their 
rear  ends.  Short  lengths  of  pipes  ai"o  secured  in  the  vessels 
l»v  llaut/os  on  ilieir  ends  extending  around  tlie  circuint'tMtMico 
tlie  aport  ures,  these  |> 屮 es  t'oi  ininw  Hues  H  bv  means  of 
wliirli  tlie  lire  ^ases  pass  t<>  and  from  a  4*otiil>iist  ion  fhainher 
By  setliiiu  I  he  Hue  pi|>e  H  towards  0110  si 山' in  Hie  vessels. 
as  環 i,  siidirient  space  is  provided  in  tlieso  vessels  for  a 
man  to  pass  the  Hue  |>i]>o  H.  A iiev  iUo  lire  gases  pass  tlimu" 小 
Hie  flue  B  tliev  eniev  the  romhusl  ion  chaiiiliei'  (，  at  tlie  rear 
"I  the  hoiler,  this  chaiiihor  1km no  a  space  hetwoen  front  and 
I'ack  walls  I),  K  of  vertical  water  tithes.    Tlieso  tul»es  are  of 
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The  combustion  chamber  C  is  arched  over  as  shown  at  ahont 
half  its  height,  and  after  the  fire  gases  leach  that  cliamher, 
they  are  directed  by  partitions  towards  the  front  end  of  tlie 
boiler,  over  the  tubes  of  the  two  central  elements  only.  Tl"、 
gases  divide  at  the  front  of  the  boiler,  one  half  of  the  total 
quantity  passing  backwards  over  the  tubes  of  each  of  tlio  t  w<> 
side  elements,  the  gases  then  uniting  in  the  part  of  the  ('om- 
))ustioii  cham))er  which  is  above  the  arch  and  passing  out 
through  the  upper  flue  B  to  the  uptake,  which  is  ovei-  t  hat 
flue. 

The  circulation  in  the  boiler  takes  place  fi'oin  front  to 
back,  the  tubes  A  D  above  the  part  of  tlie  lower  vessels  wliirh 
is  over  ( he  furnace,  acting  as  up-ooniers,  the  discharge  oi 
steam  from  such  lower  vessels  passing  mainly  llirou^li  tlie 
relatively  lar^e  tul>es  D，  tlierei)v  n1 山 i(:iiig  tlie  weai"  and  (ear 
on  tlie  other  and  smallor  tubes  A.    Tlie  tubes  E  at  the  rea r 

tlie  coiiiliust  ion  cliainl>er  ('  ;u*(  as  (lm、'n- romers,  tlie  n 
coiner  si  reams  of  water  passing  t  rom  1  he  dopositiii^  rliamlw 
in  the  lower  vessels  through  the  tubes  K  to  tlio  lowor  mud 
(1  rum  C ！，  and  the  lower  vessols  1>oirii(  tV<l  w i 1 1 1  water  l'ree<l  t't dui 
sediment  through  the  front  row  oi  t  Iu1  tiiU'、  1〈 ， 《'oiin(vtiii;r 
the  mxul  drum  witli  these  lower  vessels.  Tho  t'eod  water  is 
inl  roducod  into  I  lio  uppt-r  pltMiicut s  hv  internal  lVe«l  pipes 
connected  witli  a  supply  pipe,  tlie  water  heinej  discliar^etl 
immodiately  «'il>ovo  1  he  down  oDnitM-  t  ui>os  K  t  hus  a^^isi  in^  t  lio 
descending  st  ream  and  also  allowing  anv  solid  mat  ter  wliicli 
t\\e  feed  water  may  contain  to  fall  into  the  tlepositin^  rli:、." 卜 
her  ami  itnul  d ruin  C2. 


Personal. ― Mr.  Jolm  F.  、！ rT，itosl»，  M.V(>.，  aft  or  a  sor\ 
of  52  years  witli  tlie  (':ile，l,mi;m       ailwav    C'ompanv.  lias 
dec  ided  to  ret  ire  ii  om  active  servico  iu  Mav  n^xt.        r  \V. 
Pickers^ili,  of  the  Great  Nort  Ium*ii  of  Scotlaiul  Railway,  has, 
we  understaiul,  been  appointed  to  fill  tlie  vacant  position. 
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SOME  CAUSES  OF  INJURY  TO  STEEL  AFTER  MANUFACTURE.* 

BY  CECIL  H.   DESCH,  D.SC,  PH  I). 

{Conchuh'd  from  piuje  (iO? ,  Vol.  XXXIL) 

Cold-Working. ― Passing  now  to  tlie  effect  on  structure  of 
cold-working,  that  is,  of  subjecting  the  steel  to  mechanical 
deformation  at  a  temperature  below  that  at  which  recrystal- 
lisation  takes  place  spontaneously,  it  may  be  said  that  the 
nature  of  the  change  is  no  longer  doubtful.  The  first  yielding 
of  steel,  as  of  any  crystalline  solid,  takes  place  by  slipping 
of  particles  over  one  another  along  innumerable  gliding 
planes ― a  change  which  can  take'  place  without  any  destruc- 
tion of  the  crystalline  structure.  As  the  deformation  becomes 
more  severe,  however,  a  limit  to  the  possible  amount  of 
slipping  is  reached.  The  stresses  in  individual  crystals 
become  intensely  localised,  and  th©  remarkable  researches  of 
Dr.  Beilby  hav&  left  little  doubt  that  the  metal  surfaces, 
where  slipping  has  taken  place,  undergo  a  change,  the  crystal- 
line material  being  converted  into  one  which  is  amorphous, 
hard,  elastic,  and  brittle,  like  glass.  A  metal  hardened  by 
work,  a  metal  with  remanent  intorstrain,  is  on©  in  which  a 
part  of  the  crystalline  material  has  been  replaced  by  the 
amorphous  modification.  When  the  cold-working  is  severe, 
each  small  mass  of  crystalline  metal  is  enclosed  in  a  hard  shell 
of  amorphous  material,  in  which  gliding  planes  cannot  be 
formed.  Hence  the  increased  hardness  and  elasticity,  and 
lessened  ductility  of  the  worked  met  al .  By  increased 
elasticity  is  here  meant  a  raised  elastic  limit,  so  that  the 
hardened  metal  will  boar  a  higher  load  without  permanent 
set  than  the  unhardened.  Within  the  elastic  range,  however, 
the  modulus  of  elasticity  is  unaltered,  so  that  a  steel  wire, 
for  example,  stretches  to  the  same  extent,  whether  in  the 
hard-drawn  or  the  annealed  state,  provided  that  the  load  does 
not  exceed  the  elastic  limit  in  either  case. 

A  cold-worked  metal  has  a  lower  density  than  the  same 
metal  in  the  annealed  state.  The  contrary  statement  is  some- 
times found  in  text  books,  but  the  reduction  in  density  is  well 
established  by  careful  experiments.  It  must  not  be  confused 
with  the  increase  of  density  observed  on  hammering  or  rolling 
cast  metal,  which  is  merely  due  to  a  mechanical  closing  up  of 
pores  and  gas  cavities.  This  change  in  density  is  in 
accordance  with  the  hypothesis  of  the  amorphous  modification, 
which  has  the  properties  of  a  glass  or  under-cooled  liquid, 
and  it  is  an  essential  property  of  such  under-cooled  liquids 
that  they  are  normally  less  dense  than  the  crystalline  solid 
forms  of  the  same  substance.  The  behaviour  of  the  two 
modifications  towards  corrosion  is  mentioned  later. 

Local  cold-working  occurs  wherever  a  part  of  the  metal  is 
mechanically  deformed  without  the  remainder  being  similarly 
affected.  For  example,  the  sheared  edge  of  a  plate  is  in  a 
different  physical  condition  from  the  neighbouring  metal.  A 
good  example  is  that  of  a  punched  hale.  Punching  involves 
extremely  severe  deformation.  Fig.  15  is  a  photo- 
micrograph of  the  steel  punching  from  a  plate,  an  area  very 
near  to  the  circumference  being  shown.  The  bands  of  ferrite 
and  pearlite  are  extremely  distorted.  The  further  change, 
the  conversion  of  crystalline  into  amorplious  material,  is  not 
to  be  recognised  in  the  photograph,  but  affects  the  properties 
of  the  steel  in  a  remarkable  manner. 

There  is  thus,  immediately  surrounding  every  cold- 
punched  liole,  a  layer  of  steel  of  distorted  structure,  with 
increased  hardness  and  elastic  limit,  and  diminished  ductility. 
When  a  stress  is  applied  to  the  plate,  its  distribution  is 
affected,  not  only  by  the  presence  of  the  hole,  an  effect  which 
may  be  calculated  for  a  homogeneous  material,  but  by  the 
presence  of  a  ring  of  heterogeneous  material,  the  effect  of 
which  is  to  localise  stress  still  further.  This  deformed  layer 
is  of  only  microscopic  thickness  when  th©  hole  is  drilled 
instead  of  being  punched,  as  the  drill  cuts  in  such  a  way  as  to 
produce  very  little  deformation.  For  the  same  reason,  the 
deformed  metal  may  be  completely  removed  by  reaming,  pro- 
vided that  the  process  is  carried  sufficiently  far,  the  necessary 
flepth  depending  on  the  thickness  of  tho  plate. 

A  few  more  instances  of  local  cold-working  may  be  given. 
A  steel  bottle  containing  carbon  dioxide  under  pressure 
exploded  on  being  allowed  to  fall  and  striking  the  ground 

^  -  *  Paper  read  l>efore  Institution  of  Engineers  and  Sliipl)uil(lers  in  Scotlnnd. 
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with  Hie  neck. 十  The  l)ottle  was  of  steel,  rather  unequal 
in  thickness,  and  had  been  heavily  stamped  just  at  tlie 
sIiould<M'  with  an  official  letter  statu p -  It  was  at  this  point 
that  fracture  took  place,  and  microscopical  examination 
showed  that  the  steel  had  a  cold-worked  structure  extending 
to  one-sixth  of  its  depth.  The  steel  was  thus  doubly 
weakened  at  this  point— first,  by  the  indentation  caused  by 
the  stamp,  which  would  have  the  effect  of  a  notch,  and 
secondly,  by  the  deformation  of  the  underlying  material, 
causing  heterogeneity  of  structure  and  properties.  This 
double  effect  of  a  stamp  is  of  great  importance,  as  it  may 
easily  lead  to  unexpected  failures  in  plates  when  u&ed  in 
structures  liable  to  severe  stresses  or  to  fatigue. 

Steel  rails  are  not  liable  to-  severe  deformation  in  ordinary 
use,  the  slight  spreading  of  the  head  which  takes  place  being 
unaccompanied  by  severe  hardening.  Where,  however,  brakes 
are  applied  sharply,  and  rolling  is  replaced  by  sliding,  \ery 
severe  local  cold-working  may  occur,  and  a  layer  of  hard 
material,  in  which  cracks  readily  occur,  is  formed  at  the 
surface  of  the  rail.  A  similar  condition  has  been  met  with  in 
tender  tyres,  which  were  found  to  exhibit  scaling.!  Micro- 


Fig.  15.— Deformed  Layers  in  Steel  Punching. 

scopical  examination  showed  the  steel  to  be  quite  normal,  but 
near  the  wearing  surface  the  structure  was  greatly  deformed, 
owing  to  severe1  braking  under  a  heavy  load.  The  hypothesis 
of  an  amorphous  modification  also'  explains,  in  a  most  satis- 
factory manner,  the  phenomena  of  fatigue. 

Welding. ― The  term  "welding"  is  now  somewhat  loosely 
applied.  Meaning  originally  tJie'  union  of  two  pieces  of  metal 
within  their  plastic  range,  but  below  their  melting  point,  as 
in  an  ordinary  blacksmitli's  forge  weld,  it  has  been  applied,  in 
the  form  "  autogenous  welding,"  to  denote  a  process  of  union 
by  fusion,  either  of  a  part  of  the  metal  to  be  united  or  of  a 
separate  piece  of  metal  used  as  a  solder.  Such  a  process  is 
really  one  of  autogenous  soldering,  not  of  welding. 

The  ideal  condition  to  be  reached  in  a  weld  is  that  in 
which  the  crystals  are  continuous  from  one  side  of  the  weld  to 
the  other,  and  there  is  no  change  in  the  average  dimensions 
of  the  crystal  grains  in  passing  through  the  weld.  This  con- 
dition necessitates  the!  complete  absence  of  intervening  layers 
of  impurities,  especially  of  oxides,  and.  also  the  absence  of  a 
zone  of  overheated  metal. 

In  true  welding,  which  can  take  place  at  as  low  a  tempe- 
rature as  800°,  but  which,  of  course,  proceeds  much  more 
rapidly  and  certainly  at  higher  temperatures,  there  is  mutual 
interpenetration,  and,  if  oxidation  is  completely  prevented, 
there  is  no  reason  why  the  weld  should  be  weaker  tlian  the 
remainder  of  tli©  metal.  In  practice,  the  weakness  which  is 
so  frequently  observed  is  due'  to  incomplete  union,  as  is  readily 
seen  under  the  microscope. 

The  conditions  are  somewhat  different  when  any  of  the 
high-te-mperature  methods  of  autogenous  soldering  are 
applied.  The  microscopic  structure  of  such  welds  has  been 
described ,  and  illustrated  by  excellent  photographs,  by 
Messrs.  Law,  Merritt,  and  Digby.§  In  electric-resistance 
welds,  the  presence  of  oxide  is  to  be  clearly  traced  along  the 

t  O.  von  Bach,  '*  Stahl  und  Kisen."  191-2.  32,  1111. 

t  O.  Bauer  and  E.  Wetzel.  *•  Stahl  und  Eiseu."  1911.  31.  2*26. 

§  Journal  Iron  and  Steel  Institute,  1911,  31.,  103. 
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plane  of  union,  ； ui(l  a  /.one  of  v<tv  coarse  crysi  allisal  imi  is 
ohlaiiicd.  T\\v  proci'ss  of  autogenous  soldt'rin^  wit  li  a  I 山 m' 
pipe  llaitnk  int  roduccs  new  conditions.  Sliould  1  he  llainc  con- 
tain an  excess  of  oxygen,  oxide  (ilins  an*  produced,  whilst  wii  li 
acetylene,  tin*  latter  l)eing  in  excess,  a  carhuriscd  hiver  mav 
be  formed.  I  n  either  case  the  join  is  hor(lw(l  by  a  zone  of 
coarse,  over-heated  metal.  I  n  welding  by  means  of  a  carbon 
arc,  local  carburisation  is  still  more  apt  to  take  place,  whilst 
union  is  often  extremely  local.  There  remains  tlx'  process  of 
thermit  welding,  in  which  the  two  pieces  of  steel  are  united 
by  a  layer  of  almost  pure  molten  iron,  which  alloys  perfectly 
with  the  adjoining  metal.  Here,  also,  recrystallisaiioii  goes 
on  iti  tlie  immediate  lieighhourliood  of  the  join,  hut  to  a 
less  extent. 

The  evil  effect  of  over-heating  may  be  largely  removed  by 
hamitierin^  or  forging  the  weld,  followed  by  a  slior'l  ； mm'alin 乂 
process.  Annealing  alone  is  not  usually  successful.  Imper- 
fect union  t  luou^li  t  lie  presence  of  gas  cavities  or  inclusions  of 
slag  or  oxide,  and  heterogeneity  due  to  a  hi^hly-carburised 
zone,    are    (IHVrts   which    ai*e    not    removed    by  subsequent 

The  author  has  no  intention  whatever  of  suggesting  that 
autogenous  soldering  is  a  process  to  be  condcnnHMl .  ( )n  1  lie 
contrary,  it  lias  a  wide  field  of  usefulness,  and  is,  in  fact ,  a 
technical  necessity  for  certain  classes  of  work.  It  must  be 
； uliuitted,  however,  that  a  joint  made  in  tliis  way  has  not  1  lit1 
same  qualities  as  the  original  steel.  It  is  not  sufficient  to 
low  that  fracture  does  not  commonly  take  place  in  the  plane 
of  union  when  a  nieclianical  lest  is  made.  It  is  not  the  weld, 
but  the  zone  immediately  adjacent  to  it,  which  is  injured. 
Neil  lier  are  tensile  tests  conclusive  on  this  point,  as  the  injury 
to  the  steel  does  not  always  affect  the  tensile  breaking 
st  i  cn^tli ,  but  is  revealed  when  the  welded  steel  is  subjected  to 
shock  or  fat i^ue.  Accounts  have  been  published  of  boilers 
wliicli  have  cracked  in  numerous  places  in  the  course  of  use, 
and  repaired  by  autogenous  soldering.  Where  it  is  intended 
to  use  the  same  pressure  as  before,  and  to  regard  the  plates  as 
retaining  their  original  strength,  such  a  practice  seems  very 
undesirable.  A  systematic  series  of  fatigue  tests  on  sucli 
i"e])airecl  plates  would  be  interesting. 

Corrosion.  ―  It  is  not  intended  to  discuss  the  general 
question  of  corrosion,  but  merely  to  indicate'  the  manner  in 
wliicli  it  is  influenced  l)y  some  of  the  factors  already 
int'iit  ioned .  The  influence  of  cold-working  may  be  considertMl 
lii'sl .  A  cold-worked  metal  contains  a  larger  amount  of 
f»u  i*oy  than  one  in  the  fully-annealed  condition,  and  this 
energy  reappears  as  heat  when  the  metal  is  dissolved,  or  as 
electrical  energy  when  the  conditions  for  an  electrolytic  couple 
are  present.  If  a  cold-worked  and  an  annealed  specimen  of 
th©  same  metal  are  connected  together  in  an  electrolyte,  the 
former  in  general  becomes  the  anode .  The  effect  is  easily 
seen  by  taking  a  length  of  soft  steel  wire,  lightly  hammering 
one-half  of  it,  and  then  immersing  it  in  Walker's  ferroxyl 
reagent .  A  blue  area  is  formed  around  the  hammered 
l>orti(>n,  ;uk1  a  red  one  around  the  untreated  portion.  This 
condition  presents  itself  wherever  steel  has  been  locally  cold- 
workinl -  Thus,  a  punclied  rivet  liole,  with  its  enclosing  zone 
«>f  (lefonned  metal,  acts  as  a  centre  for  corrosion.  The  sheai  ed 
of  a  jilatt1  also  rorrodes  in  ore  rapidly  than  the  neigh- 
hmiring  m^tal,  although  in  such  cases  as  this  it  is  difficult  to 
(list  iiigiiisli  wetMi  cft'e<'ts  due  to  cokl-workin^,  and  those  (iiit' 
t"  I  lie  removal  ol'  ； i  pr*)l iM-t in<(  layer  of  oxide.  Wlierever 
cold-worked  ami  unworked  Hiatal  are  in  contact ,  the  possihilil  v 
"f  an  eltM-lrolylic  couple  exists,  aiul  wIhmi  tlie  metal  is  l)rou^l)t 
into  cdiii  ;u*t  with  an  electrolyte,  corrosion  is  accelerated. 

The  tact  t  hat  steel  plates,  an  received  from  1  lie  maim- 
i'arturvr,  are  covered  with  a  t  liiii,  (irmly-adherent  (ilm  of  the 
ina^nelic  oxide  is  of  importance  in  tliis  conne<'tioii.  I  f  t  lie 
is  delormod  l)v  t  he  application  of  stress,  say  l>v  tension 
or  by  heiidiii"-,  the  oxide  (ilm  cracks,  and  the  lines  known  as 
liii«l*ir  s  lines  may,  in  I'ari ,  ho  mapped  in  this  wav.  At  oacli 
rrack  the  underlying  metal  is  exposed,  and  as  the  elect ro- 
clienii(kal  (lilVerence  between  si  eel  and  the  magm't"'  oxide  is 
ronsi<lor;ihle,  coi  rosion  is  likely  to  star!  along  liioso  lines.  It 
is  not  v\t-\i  necessary  thai  the  clot'onnal  ion  oi'  tlie  s"'d  shuiild 
have  exceeded  its  elastic  limit.  AUernaling  stresses,  well 
within  I \\e  elast  ic  limit  of  tlie  stcrl.  will  siiHire  to  crack  t  Uo 
relatively  inclast  ic  lilni  of  oxide,  and  t  ho  ； rppearance  of 
parallel  grooves  of  corrosion  in  1  lu>  inttM-iot-  of  hoih^t-  plates 
has  boon  traced  lo  t  his  cause. 


Last  lv，  n'IVr('ii'、'  mav  Ik»  made  t o  .some  cllVct  s  of  gal- 
vanising on  sled .  Tlie  protective  roatiug  of  zi，"、  Ixmml' 
more  st rongly  electro  posit ive  tlian  steel ,  corrodes 
ferentially.  The  coating  is  not ,  however,  an  entirely  dist  iix  t 
layer,  like  n  paint.,  but  is  clieiriically  united  lo  t  he  steel  by 
an  intermediate  layer  of  ； in  iron  zinc  alloy.  Tl"*  mirro-'  ''|''. 
shows,  in  t his  layer,  very  conspicuous  crystals  of  the  com- 
pouiul  FeZn7  which  is  less  ele<-tro-)>osit  i  vc  than  zinc.  limine, 
if  the  outer  layer  of  zinc  be  removed  by  solution  or  abrasion, 
these  crystals  (Fig.  16)  are  exposed,  and  accelerate  the  cor- 
rosion of  the  neighbouring  zinc  Beneatli  tliis  layer  is 
another,  riclier  in  iron,  and  corresponding  with  the  formula 
FeZii;i.  This  compound  is  not  only  more  electro-ne*(at  i\  c 
than  zinc,  hut  even  than  iron,  and,  if  exposed,  accelerates  t  1m- 


Fig.  1(>.-  Crystals 


and  Zisc. 


corrosion  of  the  steel  instead  of  retarding  it.  This  accelerating 
effect  is  still  greater  in  the  case  of  steel  coated  with  zinc  hv 
the  slierardising  process,  in  which  zinc  vapours  take  the  place 
of  a  bath  of  molten  metal.  The  transition  from  FeZn,(  to 
steel  is  more  abrupt,  so  that  the  protecting  layer  cracks  more 
readily,  and  sets  up  local  electrolytic  couples.  Coating  with 
zinc  by  electrolysis ― a  process  little  used  in  this  count  i  v 
does  not  give  a  layer  of  an  intermediate  compound,  as  tlit' 
temperature  of  the  process  is  too  low  for  the  necessary 
diffusion.  It  is  probable  that  the  process,  recentlv  introductHl 
but  now  increasingly  employed,  of  coating  by  means  of  a 
very  finely-divided  metallic  spray,  would  not  result  in  t  ho 
formation  of  a  compound. 

The  increased  brittleness  of  galvanised  steel,  as  compared 
with  the  uncoated  metal,  is  accounted  for  by  tlie  presence  of 
the  crystals  shown  in  Fig.  16.  These  crystals  are  extremely 
hard  and  brittle,  and  their  presence  in  the  outer  laver  of  the 
steel  has  the  effect  of  localising  stresses,  and  so  of  facilitat in^' 
fracture  under  conditions  of  shock  or  fatigue. 

These  brief  notes  deal  only  with  a  few  of  the  possible 
sources  of  injury  to  steel  subsequently  to  its  manufacture.  A 
complete  review  of  the  subject  would  clemaiu!  a  wide  oxptM-i- 
ence  of  the  handling  of  steel  under  different  conditions.  Manv 
of  the  injuries  are  only  observed  in  repairing  yards,  or  in  t  lit1 
course  of  inspection,  and  frequently  escape  pennaiient  n、',i」 
All  tliat  the  writer  can  Iio])e  to  do  is  to  suggest,  hy  :i  。•、、' 
examples,  the  nature  of  tlie  assistance  that  met allo^raphv  is 
able  to  afVord,  first  in  elucidating  the  caiiso  。l'  an  iiijurv,  :m，l 
tlien  in  irulicatiii^  t  he  treatment  l)v  which  siu-li  injury  may 
bft  remedied  or  prevented.  The  microscopical  and  t  hrrmal 
stiulv  of  metals  is  a  fascinating  subject  in  the  lahoralorv,  l>ut 
it  has  the  a(l、'a"lage  over  many  ot  lier  lahoraforv  studies,  t  hat 
it's  conclusions  are  often  innnetliately  applicable  to  t  lie  i"v'h 
ol'  indust  ry,  whilst  even  t  lit*  most  purely  soieiililic  investiga- 
tions i»ito  t  he  molecular  constitution  of  "metals  are  toimd.  iti 
(•om'se  ol'  lime,  to  hear  on  prohlems  of  practical  interest 
、。'-i-il  ut  ilit  v. 


Sfatus  Prize  — Tl  io    Council    (»f    the    Society    ot'  Kifm,*'r、 
(Incorporated)  may  award  in  1914  a  premium  of  books  or 
instruiiionls  to  tlio  value  of  £10.  I()s.,  for  an  approvod 
()u  "  Tho  Status  of  1  he  Kii^iiitvri'ii;  Profession.'  Detailed 
particulars  may       ol>(aino<l  from  t  ho  Se^'ietarv,  17 
St  ivct ,  West  niinster.     Tlio  last  date  for  n'ceU'i t  、、  i、  、 
Mav  :\i)ih.  1911. 
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LARGE  TURBO-COMPRESSORS. 

An  interesting  example  of  the  rapidity  with  whicli  a  new 
type  of  machine  is  brought  from  the  initial  stages  to  a  prac- 
tical and  serviceable  form  in  modern  machine  construction 
is  found  in  t  urbo-com pressors.  The  development  of  the 
reciprocating  steam  engine,  from  the  time  of  James  Watt 
down  to  the  modern  high-speed  steam  engine,  occupied  a 
period  of  about  100  years,  and  the  steam  turbine ― if  the 
year  1883  be  regarded  as  the  date  of  its  birth ― has  required 
25  years  to  reach  its  present  stage  of  perfection  ；  the  turbo- 
compressor,  however,  whicli  is  to-day  constructed  in  single 
units  for  the  largest  outputs,  has  been  developed  within  a 
period  of  about  10  years.  The  turbo-compressor  permits  the 
construction  of  air-compression  machines  for  the  very  highest 
outputs  such  as  were  hitherto  regarded  as  unattainable,  and 
thus  enables  compressed  air  to  be  generated  very  much  more 
cheaply  than  was  formerly  the  case. 

An  interesting  example  of  a  large  turbo-compressor  is 
shown  in  the  accompanying  illustration,  reproduced  from 
the  "  A. E.G.  Journal."  This  machine,  which  was  recently 
constructed  in  the  workshops  of  the  A. E.G.  turbine  factory, 


111"  compi'cssor  cylitiders  tliernselves  are  coiitinuously  cooled 
with  cold  water. 

The  compressor  plant-  described  is  to  be  supplied  to  the 
Victoria  Falls  and  Transvaal  Power  Company  in  the  Trans- 
vaal, which  placed  an  order  with  the  A. E.G.  for  three  com- 
pressors giving  the  above  output  in  autumn  of  the  previous 
year.  This  power  company  was  the  first  to  avail  itsdf 
of  the  advantages  of  the  turbo-compressor  when  con- 
structed in  large  units,  and  to  adopt  the  transmission  of 
power  in  the  form  of  compressed  air  on  a  large  scale.  The 
company  already  has  twelve  4,000  h.p.  turbo-compressors  in 
commission  in  its  power  stations  situated  close  to  Johannes- 
burg, eight  of  whicli  were  built  by  the  A.E.G.  The  com- 
pressed air  generated  by  these  machines  is  transmitted 
through  a  pipe-line  30  km.  in  length  and  supplied  to  17  diffe- 
rent mines,  in  which  it  is  employed  for  rock  drills  and  other 
compressed-air  tools.  After  the  three  new  compressors 
referred  to  above  have  been  placed  in.  commission  the  total 
amount  of  energy  transmitted  in  the  form  of  compressed  air 
will  amount  to  84,000  h.p.,  an  output  which  would  scarcely 
have  been  practically  possible  with  reciprocating  compressors. 
The  first  12,000  h.p.  compressor  passed  on  to  the  test-bed 
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Large  TuRBO-co^rpRESSOR  for  the  Victoria  Falls  and  Trwsvaal  Power  Company. 


Berlin,  is  capable  of  delivering  the  enormous  quantity  of 
100,000  cbm.  of  air  per  hour  at  a  pressure  of  140-1701bs.  per 
square  inch,  this  output  corresponding  to  a  power  input  of 
12,000  h.p.  to  13,000  h.p.,  measured  at  the  shaft.  On  the 
left  hand  of  the  illustration  the  steam  turbine  is  visible  ； 
the  machine  is  designed  for  the  use  of  high-pressure  and 
superheated  steam,  and  is  fitted  with  automatic  nozzle  regu- 
lation and  a  horizontal  valve  rod  mounted  above  it.  This  is 
the  first  turbine  built  to  give  an  output  of  12,000  h.p.  at  a 
speed  of  3,000  revs,  per  minute.  The  compressor,  consisting 
of  three  cylinders,  is  connected  to  the  steam  turbine  by  a 
flexible  coupling.  The  low-pressure  cylinder  lies  next  to  the 
turbine,  and,  in  view  of  the  large  quantity  of  air,  is  con- 
structed to  draw  in  air  on  both  sides.  The  air  passes  from 
the  main  suction  pipe  of  square  section  into  the  two  ends 
of  the  low-pressure  compressor,  passing  out  again  in  a  slightly 
compressed  condition  through  the  spiral  pressure  pipe.  In 
consequence  of  the  compression  its  temperature  has  now  risen 
to  about  100°  C.，  and  at  this  temperature  it  is  led  to  an 
intermediate  cooler  lying  below  tlie  compressor,  in  which  it 
is  cooled  down  to  about  30°  C.  The  medium -pressure 
cylinder  through  which  the  air  next  has  to  pass  is  constructed 
for  inhaling  on  one  side  only,  as  the  volume  of  air  has  been 
reduced  here  to  such  an  extent  that  it  is  no  longer  necessary 
to  divide  the  air  current  on  account  of  the  section  of  the 
impellers.  The  air  compression  is  further  increased  in  this 
cylinder,  and  the  air  passes  out  of  it  in  a  highly-heated  con- 
dition to  be  cooled  again  in  a  second  cooler,  whereupon  it 
then  enters  the  high-pressure  cylinder,  in  which  it  is  brought 
to  the  specified  final  pressure,  and  is  finally  led  to  the  point 
of  use  through  the  pressure  pipe  on  the  right.  As  the  cool- 
ing effect  in  the  intermediate  coolers  is  not  sufficient  to  permit 
the  process  of  compression  to  be  carried  out  economically, 


of  the  A.E.G.  turbine  factory  a  few  months  ago  for  testing 
purposes,  where  it  satisfied  the  guarantee  conditions  for  steam 
consumption.  The  plant  was  allowed  to  run  on  the  test^bed 
for  several  hours  with  a  load  up  to  12,000  h.p.  corresponding 
to  the  normal  working  conditions. 


STEAM  GENERATOR  FOI<  GAS  PRODUCERS, 

An  apparatus  for  producing  the  necessary  steam  for  the 
working  of  gas  producers  has  been  put  on  the  market  by 
Bender  &  Fr&mbs，  of  Hagen,  in  Westphalia,  and  has  found 
quite  an  extended  use  in  iron,  steel,  zinc,  and  other  metallur- 
gical works  in  Germany.  The  arrangement  of  the  apparatus 
is  shown  in  the  cuts  herewith,  for  which,  along  with  the  fol- 
following  description,  we  are  indebted  to  "  The  Iron  Age." 

A  small  amount  of  gas  from  the  producers  is  tapped  from 
the  gas  main  at  d  and  burned  in  the  combustion  chamber  a. 
The  hot  gases  are  drawn  through  the  evaporating  chamber  b, 
located  near  by,  in  whicli  they  vaporise  and  convert  into 
steam  as  much  water  as  is  necessary  for  the  operation  and 
production  of  a  good  gas.  The  ventilator  c  (of  3  h.p.  to 
4  h.p.  for  a  1 0-ton  producer)  forces  into  the  gas  producer  the 
mixture  of  the  products  of  combustion  with  the  steam  and 
the  air,  whose  temperature  is  about  150°  to  170°  C,  and  whose 
carbon  dioxide  content  is  about  1  to  1*50  per  cent.  It  is 
evident  that  a  mixture  heated  as  highly  as  possible  pre- 
vents any  condensation  in  the  steam,  so  that  actually  only 
the  least  amount  of  steam  necessary  for  the  operation  of 
the  producer  need  be  formed.  A  temperature  of  over  100°  C. 
prevents  the  formation  of  sulphurous  acid,  and  consequently 
the  corrosion  of  the  pipes.  In  using  saturated  steam  it  is 
figured  that  1  kg.  of  gasified  coal  requires  from  0'4  to  0*5  kg. 
of  steam,  while  a  temperature  of  the  mixture  of  150  to 
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170"       rrdnccs  (he  n cross;) ry  >i^'f\u\  to  to  i)  'M)  k^.  with- 

out the  tonn;il  ion  ul'  l;ir ；"、  lumps  ol"  sl;t^.  Hut  t \w  presence 
ul'  small,  hritllc  lumps  of  slag  ensures  n  (|iiiot,  ''、'(、■•  "|,,'r;， 
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TASK  SETTING  FOR  FIREMEN  AND  MAINTAINING  HIGH 
EFFICIENCY  IN  BOILER  PLANTS. 
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-Sectional  Views  op  Steam  Gknkuatur  ruu  Gas  Puuduceus. 


tioii  of  the  producers,  which  makes  itself  manifest  in  a 
reduced  coal  consumption,  even  though  a  part  of  the  saving 


Th IS  g，'，'r，'"l  out liiw  <»f  a  mctlifxl  of  analysing  t lie  l'm，lm;' 
Viilucs  of  variables  and  (Ictcrmiiiat ir>n  «»f  romlit ions  m  '  '  s、；irv  for 
1  lie  iitlaininciit.  of  certain  pn'(lrt«'rniim'«l  r''、， 山、 、、'>iil'l  lie  im''m- 
|>lr|r  w ithout  a  rcfcn'iH'c  to  the  practice  of  studvin^  tlir  iiiflurncc 
of  individual  variahlcs.  Tli"  writer  is  conv'uu'i'd  that  an v  hoilri 
t rial  coiKJuctcd  witli  tlx*  most  scrupulous  vnw  may  leave  ohscuif 
flu*  inllucncc  of  a  numWr  (if  tlio  ahovc-mciit ioncd  limiting  f;irt*»i  、 
as  vv<»ll  as  leave  the  (ju<'sti"n  unccrt.aiii  wlu'tluT  tin-  iti;iximum 
practical  cfKcionrv  or  capacity  was  really  obtained  din  inv'  tlie  test 
and  wlictlu'r  or  not  the  various  conditions  as  (山 sf'rv''<l  nvr  'i'  '  ,'、- 
siirv  and  sufficient  to  duplicat*'  the  results  at  any  time.  Tli*- 
writer  maintains,  that  as  long  as  the  question  is  woi  to  ,it，，'m 
accidciitallv  a  mark  set  at  random,  but  clearly  and  fullv  to  drier- 
mine  all  conditions  necessary  for  niaxinmni  f-conoinv  of  i'，，！， 
for  the  purpose  of  setting  definite  standards,  it  is  inipfial ivc  tu 
conduct  a  liuuiber  of  separate  obscrvatifnis,  tho\i^l»  of  short  duni- 
tion,  dealing  in  each  case  with  one  and  only  one  variable  in  oidi-i 
to  find  its  limiting  effects.  Only  tlirou<ili  an  a  jjos^riori  m''tli'"l 
of  reasoning,  through  a  wide  induction  from  a  suHici<'iit  miml''  r 
of  particular  observations,  may  the  probability  that  is  tantamount 
to  certainty  be  attained. 

Ascertaining  finally  the  physical  elements  of  the  i'  m  v 
iMjuation  and  its  value  and  elinniiatiii*r  tin*  "mstaiits  hcvoiul  our 


Tffh/r  S/io  trinfj  人 '。、•〃〃.、•  "f  /'，〃''  」/"/〃//.、■，  <)  jHratinn  of  Steain  《"'m'mf"r  for  (t'a.<  〃〃〃/〃,',/、■. 


( 'omlitions  of  Operating. 

Composition  <>f  ( icnerator  Gases. 

Temperature  in  Deg.  C. 

CO., 
per  cent. 

CO  ' 
per  cent. 

CH4 
per  cent. 

H 

per  cent. 

Approximate 
heat  value  in 
heat  units. 

CO.,  content  of 
thv  ^ases  from 
thf  vaporizer 
in  per  cent. 

water 
vaporized,  chm. 

( )f  tile       idllc  t 
of  combustion 
+  the  steam. 

°|).)));iU|)l!  MM 
1|S.UJ  J() 

Of  the  mixturo 

Ix'forc  its 
ontranco  into 
the  jmxhici'rs. 

tons. 

1.  Without  tlic  vaporizer,  but  with  a  KGrting 

4-9 

25-2 

2-5 

3.80 

of  cold  fresh  air   

4-2 

•27-0 

2-3 

1391:5 

1-3 

2.70 

290 

15 

！, 

:S.  With  the  vaporizer  and  preheated  fresh  air 

4-0 

2*4 

14.  1 

L 467-0 

N 3 

2.(il 

290 

ion 

250 

8.7 

4.  Witli  the  vapori/er  and  f)rehoat<'d  air,  l»ut 

3*8 

28-1 

2-6 

123 

U.-)9  0 

1-4 

2-10 

300 

1  10 

270 

8-4 

ia  coal  is  neutralised  in  drawing  off  some  of  the  producer  gas 
for  the  evaporator.  The  accompanying  table  gives  some  figures 
collected  during  a  five  months'  operation  of  a  10-ton  gas 
producer  with  a  vaporiser.  They  show  that  a  gas  producer 
plant  can  be  very  profitably  operated  with  its  own  vaporising 
or  steam-producing  apparatus.  The  advantages  consist  in  the 
following :  Independence  from  a  boiler  plant ― a  saving  in 
wa^os  as  well  as  coal  for  the  boilers  ；  a  regular  and  uniform 
operation  of  the  producers,  with  greater  certainty  of  uniti- 
terruption,  and  continuously  good  gas. 

The  International  Testing  Association. ―  A  meeting  of  the 
British  Section  of  the  International  Testing  Association  was 
held  in  the  offices  of  the  Iron  and  Steel  Institute,  London, 
on  December  18tli.  The  Brit ish  Action  consists  of  all  members 
who  pay  an  annual  subscription  of  one  guinea,  and  of  repre- 
sentatives of  bodies  which  give  subventions  to  the  association. 
Since  paucity  of  members  is  one  of  the  chief  causes  of  tlie 
small  influence  exercised  by  the  Britisli  Section,  the  desire 
was  expressed  that  such  bodies  should  nominate  several 
representatives,  and  not  one  only.  It  was  resolved  that  the 
committee  of  management  should  consist  of  the  British 
Member  of  Comioil  of  the  association,  a  chainnaii,  vice- 
chairman,  and  15  members,  to  be  appointed  by  co-option  of 
the  actual  organising  committee.  The  next  congress  is  to 
assemble  at  St.  Petersburg  in  1915，  and  a  new  committee  is 
to  be  elected  by  a  general  meeting  within  four  months  after 
that  congress.  Another  general  meeting  is  to  be  held  within 
six  months  before  the  next  congress. 


control,  \\v  ultimately  obtain  a  ivliahle  basis  for  judging  the 
efficiiMicv  of  the  "  human  element  ''  of  tlio  problem  whicli  cuuM  1"' 
expressed  as 

A'm=/  (e) 

and  its  limit  is  readied  when  the  (liHVrcncc  l>rt\\ ecu  the  t  liforrt  I 
etticiencv  of  the  process  and  its  actual  acconiplislnnent  is  m". 

We  now  come  to  the  question  of  lm、v  to  use  this  availahlr 
knowlodjie  based  on  tlieoretical  research  in  such  a  wav  as  to  secure 
the  best  results  practicable  in  regular  service  by  the  task  method. 
In  setting  a  task  for  firemen,  it  rcinaiiis  tn  ho  (l("('r"ii"('(l  wliat  tli'' 
scope  of  the  task  shall  be.  In  order  to  accomplish  tl"'  purpose  it 
devolves  upon  the  manatieinent  to  accuinulate  tlie  detailed  and 
exact  knowledge  of  the  most  favourahlo  coiulitions  to  attain  results 
and  make  it  possible  and  desirable  for  every  cinplove  to  live  up  t<» 
thorn.  It  is  for  the  employe,  on  the  otlior  hand,  citlicr  to  create  or 
inaintain  sucli  coiKlitions  as  are  required  in  tlu'  m;magt、m，'"t's 
spocitic-  instructions. 

Various  sclioines  have  l>(、('n  used  as  the  basis  of  task  setting 
for  ftrenuMi  which  to  the  writer's  knowledgo  havo  alwavs  m'at，、<l 
dissatisfaction.  (N'ltain  uf  tht'so  a vo  as  follows  :  (ft)  T\\v  va>t  of 
steam  generated  was  used  for  tlie  basis  of  the  task  in  tlic  Imik'r 
room  of  a  lai^e  cement  plant,  and  a  prciniuiii  foi'  tin1  reduc- 

tion of  tins  cost,  but  as  firomen  have  no  control  over  the  purchase 
of  fuel,  inaintenanco  of  e<|uiiMuent,  &(•.,  this  task  involved  the 
standanlisinij  of  conditions  of  combustion,  for  which  no  instru- 
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ments  were  provided  and  no  definite  standard  or  aim  was  set 
before  them,  and  the  scheme  was  soon  abandoned,  (b)  The  】iigh 
l)ercoiita^(>  of  CO.,  in  flue  g;is  was  adopted  as  a  task  basis  for  fire- 
men in  several  plants,  but  the  men  were  not  trained  nor  were  they 
even  shown  how  to  obtain  it.    When  they  occasionally  attained 


Fig.  3.— Slide  Kulk  Used  for  Determination 


the  mark,  the  question  remained  undecided  whether  】ngh  per- 
centage of  carbon  dioxide  was  coincident  with  the  most  economical 
steam  generation  or  not,  and  the  method  proved  generally  unsatis- 
factory, (c)  A  high  percentage  of  COj  and  low  percentage  of  com- 
bustible in  the  ashes,  were  factors  upon  which  another 
attempt  was  made  to  specify  more  definitely  the 
firemen's  task.  The  question  remains,  however, 
whether  the  conditions  which  the  firemen  must 
observe  to  attain  the  task  and  produce  gas  rich  in 
carbon  dioxide  and  an  ash  with  little  carbon,  are  actu- 
ally the  best  for  transmitting  the  heat  of  the  gases  to 
the  water  and  steam  and  whether  at  any  load  the 
same  standard  is  equally  beneficial,  (d)  A  limit  on 
coal  consumption  as  a  task  for  railroad  firemen  was 
favoured  at  one  time.  This  idea,  probably  the  most 
ridiculous  and  illogical,  soon  demonstrated  its  own 
weakness  and  has  been  almost  entirely  abandonod. 

The  lack  of  analytic  thought  in  these  instances  is 
remarkable  ；  sucli  important  factors  as  condition  of 
equipment,  variable  quality  of  fuel,  weather  condi- 
tions, Yiecessary  instruments,  complete  record  keeping, 
thorough  instructions,  &c.，  were  disregarded  or  under- 
valued. The  common  cause  of  failure  of  such 
schemes  has  been  the  desire  to  make  a  short  cut 
and  jump  over' all  preliminary  studies,  and  save  the 
time  and  trouble  of  training  men  in  a  systematic 
and  thorougli  manner  how  to  accomplish  tlie  task  set 
for  them.  Should  such  training  be  undertaken  with 
l)ona-fide  intentions,  the  instructors  themselves  would 
be  compelled  to  discontinue  the  training  as  soon  as 
they  discovered  that  the  control  of  the  conditions 
affecting  the  results  is  beyond  the  men. 

The  question  of  measuring  the  effect  of  task 
accomplishment  can  be  approached  from  either  end, 
but  it  is  more  convenient  to  figure  out  the  result,  an<l 
if  this  is  below  the  stiiiulard.  turn  to  tiio  rocords  of  con- 
ditions and  t]i(M'(j  local  o  1  lie  (lisc]  cp;i  ik  v  hetweon  f  lie 
icquir'— '(1  results  and  tliosc  oljtainod.  A  gauge  for  measurcmcnl  ol 
the  degree  of  fulfilment  of  task  conditions  set  is  offered  by  the 
factor  of  tli('rma】  efficiency  of  grate,  furnace,  and  boiler  which  is 

heat  transferred  to  steam 
heat  available  in  fuel 

This  mcusurenient  involves  several  corrections  fur  factors  beyond 


firemen  s  control,  and  ii''itl"'】'  ratio  of  apparent  evaporation  nor 
boiler  efficiency  nor  dli'  i('i"  y  of  combustion  alone  are  anywhere 
ii'';ir  suiliciciit  I'm' t  In-  ]tiir|Kisc  nf  jud^ii)<z  the  cllu'icncv  of  the  woi'k 
of  men. 

Actually  to  calculate  the  eili( iency  of  the  boiler,  furnace,  and 
grate  is  a  tedious  and  comparatively 
long  procedure,  and  is  never  made  in 
pnwrr  plants  for  a  day  shift,  tijcjuaiu 
or  gang  of  firemen,  working  in  team. 
Tlie  writer  in  his  capacity  of  consult- 
ing engineer  devised  and  introduced  a 
rdiiipuratively  simple  m('tli("l  of  ob- 
taining a  complete  record  of  firemen's 
performance  and  to  figure  their  ciii- 
ciency.  This  method  requires  the  fol- 
luwinti'  record  data  :  (a)  Coal  records 
from  store  issur  tickets  and  coal  pas- 
sers' reports  compiled  every  eight 
hours  ；  (b)  -heat  value  of  fuel  deter- 
uiim'd  by  bomb  calorimeter  and  value 
of  coal  in  B.Th.U.  known  for  each  coal 
pocket  ；  (c)  amount  of  water  fed  to 
boilor  (banked  boilers  fed  separately) 
ascertained  for  the  same  periods  ；  (d) 
temperature  of  feed  water  recorded  ； 
(e)  steam  pressure  recorded  ；  (/) 
degrees  of  superheat  recorded. 

These  data  are  turned  over  to  the 
si  ； it  i<Hi  (  li-i'lc.  whu  |)rcceeds  as  follows  : 
(a)  From  the  slide  rule  shown  in 
Fig.  3,  he  ascertains  the  factor  of 
evaporation  (corrected)  on  the  basis  of 
absolute  boiler  pressure,  temperaturr  "f 
feed  and  temperature  of  superheat  ； 
(/；)  by  means  of  the  power  plant  log  calculator,  Fig.  4，  lie  deter- 
mines (1)  actual  evaporation  ratio  during  each  watcli  or  per  each 
jn;!]],  (2) 『； irlnr  of  evaporation  during  oacli  watcli  or  eacli  man, 
(：3)  equivalent  evaporation]during  each  watch  or  per  each  man.  (-i) 


Factors  of  Correction. 


】'V;. 


l'i»\Vi:]t         \NT   Ijoi;  ('  \I,<  urATOK. 


(：>)  cost 


clliciciicv  <>[  steam  m'licral  ion  per  walcli  or  per  each  i 

fuel  p('r  1  ,(K K)lbs.  of  steam  ])cr  walrli  m'  p(T  man. 
He  then  <'tit(.'rs  the  results  of  computation  on  the  daily  power 
plant  report  form  (see  Fig.  lo).  The  whole  procedure  takt'S  on  t\\r 
average  18  minutes  of  the  clerk's  time,  for  \vl 画 i，  incidentally,  a 
specific  task  is  assigned  and  sufficient  hourly  bonus  offered  for 
its  fultilment. 
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Every  case  of  failmv  on  t  in*  |)ari  of  any  iircinan  Id  secure  on 
】iis  watch  the  coinhinod  boiler,  furnacr,  and 卩 rate  "lli('"'n(  v  ol"  7(> 
per  cent,  or  above  is  immediately  invest  i^al cd  hy  si  udics  other 
nnords  and  rcH-ordin^  cliarts  of  draught ,  t("iip(T;"  ur(' uf  <'sr;i"iii' 二 
gases,  nature  of  boiler  rcfuso,  & (•.，  and  if  im  icuson  can  be  found 
there,  an  oxainiiuitioii  of  the  physical  condit un\  ol  <'(jui]niicnt  and 
apparatus  is  made.  TIr'  result  of  this  investigation  is  recorded 
on  a  form  for  cause  of  lost  bonus,  Fig.  5.  This  incthod  is  purt  i- 
and  outside  of  its  direct  iulviintajics  provides  ； m 


This  advantage  takes  the  form  of  a  suflicicul  ly  at  I  iact  iv<;  and 
generous  bonus  to  In-  paid  for  willingness  to  learn  the  ii''、v  way  ； iii'l 
to  continue  to  observe  the  inst ruct ions.  Act.ual  ar-coniplisliiiicnt 
of  the  task  and  coiisequeiif  乂  of  I  lie  bomi.s  iiifans  the 

adjiist  incut  of  (  ('i't;iin  conditions  c(incui  rent  with  the  uWjust nifiil 
<" ollici's.    This  adjustiiu'iit  hcin^  u'i(l(".  。,（•  ronlrol  of  tlic  cm- 
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Fig.  5 —Form  Used  for  Kecoiids  of  Cause  of  Loht  Bonus. 

iidditional  and  continuous  training  of  the  men  in  caicful 
(山 s('i\'iiti(m  of  harmful  factors  of  the  slightest  iiatuiv. 

Then  by  means  of  complete  and  trustwort  liv  records  tlic  lire- 
mm  a  10  informed  as  to  results  of  their  work  before  t  hev  conic  l)ack 
for  the  next  watch,  see  Fig.  6,  and  moreover,  wliile  they  are 
proceeding  with  their  worlc,  they  have  in  addition  to  j>n'viously 
mentioned  instruments  indicating  tlu'  condition  of  tiling,  continu- 
ous information  as  to  results  they  are  accomplishing  u】） to  any 
moment  of  their  watch.  This  is  acconiplisluMl  l)v  hiiving-  coal 
weigliin^  and  water  iiu'tering  so  balanced  tliat  an  even  nunibci' 
of  dumps  of  feed  water  and  dumps 
of  coal  indicates  that  the  ratio 
of  evaporation  (superheat,  pres- 
sure, and  feed  temperature  being 
as  specified)  is  on  the  safe  side 
of  the  requirement. 

Tho  record  of  attaiiiinent  ol 
the  task  by  firemen  kept  in  the 
manner  devised  by  H.  L.  Gantt, 
Fig.  7,  offers  many  advantages 
over  any  other  method.  Theillus- 
I  ral  ion  of  this  record,  kept  from 
1 1"、  start  of  task  work  in  the  boiler 
house  at  Warrior  Ridge  of  the 
IV1111  C(、iitral  Light  and  Power 
(\)inp;my,  shows  steady  improve- 
niont  and  better  habits  of  men. 
AVhilo  the  May  record  showed 
(tnlv  (>S-  7  jht  c<Mit.  efiicioncy  of 
Ixjiler  and  grates  of  the  whole 
plant,  the  last  month  on  this  re- 
cord showed  tliccfHcifMicvof  7-1  ■  1 
1,h'  rent .  Tin1  nutnlxM'  of  day- 
men fulling  slioit  on  the  task  is 
stt'adily  iv(lu('iiig.  Tlic  mmihcr  <)『 
men  absent  is,  however.  cliioHv 
duo  to  "days  off"  and  simnner va- 
cations, for  the  men  work  seven 
(lays  a  week  in  a  plant  of  this  cha- 
racter. It  should  here  be  stated 
that  the  doparturo  from  the  prin- 
ciple of  separate  man's  record 

made  by  the  \vrit(M-  at  first  involuntarily  proved  U\  Ik'  so  u'at  il'vm'u, 
creating  as  it  did  an  unusually  strong  team  spirit  of  co-ojKM'ation, 
that  tlie  writer  has  never  attemplod  to  split  I  lie  iv'.m'ils  of  two  or 
1  luce  liuMi  workiiiu  join! Iv  iirinu  one  hattci  v  of  U'ilt'rs. 

Tlie  clciuciits  iilTcct in_i>-  tl"'  rlmi"'  for  or  ； maitisl  lask  work 
are  so  minicmus  t  hut  t  licv  cannut  all  1"'  \w\\\  ioiicd.    The  cssrnt 
tiling  is  that,  soim'  dt'meiit  of  atlvantauc  to  I  In*  workman  1"'  intro- 
duced sufficient  to  overcome  actual  or  imagiiiarv  disadvantaurs 
believed  by  the  】ik"i  to  exist  as  a  result  of  the  new  state  of  affairs. 


Fig. 


-Form  for  Daily  Bonus  Statement  to  i-'iHi.Mj.N. 


ploye  is  a  physiological  process  principally  deprndinji  on  (a)  the 
will-power  of  tlie  man,  and  (b)  physical  fitness. 

As  a  rule,  the  workmen  feel  that  the  adoption  of  a  new  n"'tlm(l 
will  impose  an  undue  strain,  but  it  is  coinparat  ivrly  easy  to  over- 
come this  misconception  with  the  firemen  from  the  fact  that 
greater  efficiency  means  less  coal  to  be  shovelled. 

In  order  to  determine  the  amount  of  bonus,  thrn'  must  he  t  wo 
limits  established ― a  maximum  ancl  a  minimum.  The  niaxinnun 
bonus  should  be  equal  to  the  amount  of  net  saving  acconij)lisli<»(l 
■  given  circ  umstances,  while  t  lie  niiiiiinuin  honus  is,  of  course. 


G/cscfOw.  J._ 
Dich^on,  J、 
Kirkpafric,  6S 

Dean 
Loncfenechcr, 


Fig.  7.— Form  of  Graphical  Bonus  Record  in  Use. 

equal  to  zero.  When  the  bonus  to  be  paid  actually  roaclies  eithtu* 
of  these  limits  it  loses  its  usefulness-  sinco  it  loses  its  stiinulatiii,Lr 
effect ― with  the  maiiagenuMit.  if  t\w  maxiinum,  and  with  tho  men. 
if  tlu*  minimum.  Since  in  an  average  l>("l，'i'  liouso  tlie  task  results 
in  about  2*)  per  rt'i".  savinu  on  tin*  c(i;il  bill  w  liilc  tlii'  iinMuan's 
|>iiv  roll  is  from  1(1  lo  l.、  per  cent,  of  the  < oal  hill,  it  is  t-vidoiit  t  l<at 
there  is  a  considerable  latitude  for  adjustment  of  bonus.  Aftt'r 
the  choice  has  been  made  in  favouu  of  task  work.  lio、、't'vtT，  as  a 
result  of  the  stimulus  offered,  the  third  element,  proper  action, 
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is  yri  f;ir  from  l"'iii"r  srcuml.  To  m  i  in  t  hv  clios<M)  direction  one 
must  know  how  tin1  <l''su''<l  rcsull  is  (o  Ik1  ；" •(•() 川 plislird.  Liick 
of  sutlicinit  infnnnat  ion  iir<  rss;i rily  jiruduccs  a  st  pcrrrpt  iuii 

"f  inn  crl;i  int  v  coincidenf  with  suOVriii^.  After  tin*  excellent 
rss;iy  on  f  raininu  worknien  hy  Mi'.  II.  L.  (}antt,  little  if  anvtliin^ 
r;ui  he  said  on  this  subject  except  1  hut,  in  cuso  of  iireiiKMi,  tlie 
surtcss  of  iittaituiKMit  of  t\\v  t;i.sk  is  (l"t('nuim'<l  l»v  detailed, 
patient,  and  prolon^rd  training  and  instructions,  and  as  such  tliis 
is  tlu'  jnost  important  function  of  the  niana^enK'iit.  A  (lummv 
fiunacc  was  found  to  be  an  excellent  means  to  break  in  the  j> recti 
liaiuls. 

Although  the  above  requirements  of  additional  coniponsiitidn 
； ukI  exhaustive  training  foi*  stimulating  men's  will  to  co-opemt*1 
with  the  managcnuMit  in  attaiiuiHMit  of  the  state  of  liigli  <4Hcieiicv 
arc  imperative,  they  alone  are  insufficient.  The  psychical  con- 
ditions under  winch  the  men  have  to  work  must  be  so  arranged  as 
f'>  rnsuiv  the  fullest  preservation  of  their  strengtli,  liealth,  and 
|>svrlii(  al  faculties.  In  a  boiler  house  tlie  amount  of  work  per 
ni'iii  per  hour  is  constant,  and  cannot  be  increased  without  knock- 
ing duwii  tht'  fflicicncv  to  a  ridiculously  low  figure,  but  the  number 
of  foot-pounds  of  work  can  be  reduced  in  an  inverse  proportion  to 
I  \\v  increase  of  HH('"'ii('v,  so  that  the  question  of  preservation  of  a 
man's  health,  &('.,  eliminates  any  consideration  of  oveispmling. 
The  conditions  which  then  remain  for  consideration  are  (a)  tem- 
perature of  room  ；  (b)  ventilation  (dust  and  draught)  ；  (c)  lighting  ； 
(d)  drinking  water  ；  (e)  restful  seats  ；  and  (/)  sanitary  washrooms. 
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Boiler  and  Grate  Efficiency 
-Diagram  showing  Mkthod  of  Task  and  Uonus  Adjustment. 


One  familiar  with  the  conimon  layout  of  a  power  plant  cannot 
Hvcr-cmpliasize  tlie  importance  of  the  above  conditions  to  enable 
flic  men  to  live  up  to  their  task  day  in  and  day  out.  While  engine 
rooms  not  infrequently  oflfer  very  pleasant  and  sanitary  surround - 
in^s,  boiler  houses,  the  most  important  part  of  any  plant,  are 
usumIIv  so  built  as  to  make  them  unbearably  cold  in  winter  and 
uncumfortably  hot  during  the  summer  ；  ventilation  apparently 
serves  either  to  fill  the  lungs  with  coal  dust  or  to  chill  the  perspiring 
men  after  cleaning  their  fires.  Lighting  is  an  unusual  luxury,  so 
that  after  looking  into  the  furnace  no  man  could  read  his  gauges  or 
examine  anything  around  the  boiler.  The  petty  annoyances  and 
feelings  of  discomfort  divert  the  attention  of  the  jnen  from  tlie 
pn  tdi  mance  of  their  duty  to  means  of  avoiding  the  annoyance  or 
harm.  Steady  attention  on  tlie  part  of  tlie  fireman  is  much  more 
important  than  is  generally  realised.  A  psychological  test  con- 
ducted by  the  writer  on  the  effect  of  the  occasional  drop  of  atten- 
tion witli  tlie  same  itulividual  and  with  individuals  possessing 
(lift'eroiit  degrees  of  tliis  faculty  proved  that  physical  condition 
and  strength  being  constant,  the  boiler  efficiency  percentage  is 
i"  an  almost  direct  proportion  to  the  degree  of  attentiveness  of 
tlie  fireman. 

With  healtliy,  sanitary,  and  pleasant  surroundings  as  a.  suffi- 
cient criterion  for  judging  whether  the  man's  task  is  harmful,  a 
simple  and  apparently  reliable  method  was  devised  l>y  the  writer. 
It  is  evidently  beyond  the  means  of  ordinary  time  study  to  (k'fim' 
wlictlici'  or  not  the  possible  output  in  a  unit  of  time  is  a  safe  um' 
I'roiii  tlie  viewpoint  of  the  preservation  of  the  individual  and  the 
iiution.    The  pioblcjn  in  itself  is  twofold  :  (a)  strain  per  unit  of 


"m('  in  foot-j)ouiKl  per  .Sijuarc  incli  of  <  ross-scct  ion  nf  a  muscle, 
and  {b)  min 山 of  time  units  at  work.  As  in  w'rv  case  \、li'  i'' 
m 秦' ilian  i  wo  vari;,l 山' s  ； nv  cN  olvcd  ( lie  ni;i\inia  ； mv 山'" 'rmiii"'! 
l,v  llic  li]i)itin<:  ennditions  of  variables,  :tml  flic  constanf  s;ifr  limit 
('； 1hi  reached  oitlicr  hv  a  comparativclv  g'(';it  strain  during  a 
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Fig.  9. ― Graphical  Kijcord  of  Actual  Kkdcction  of  Cost 
Labour  peh  Kilowatt-hour. 


Coal  and 


short  time  or  a  less  intense  strain  during  a  longer  period.  If  i 
and  s  are  time  and  strain  respectively,  the  equation 

i， 

if  differentiated,  illustrates  the  problem  ；  yet,  whether  i'actur  <■  lui 
time  or  c'  for  strain  has  the  same  numerical  value  the  experiincnt.s 
alone  are  able  to  show.  More  study  along  this  line  is  needed.  In 
our  experience  we  adopted  in  addition  to  time  studies,  a  caivfui 
investigation  of  fatigue,  both  mental  and  physical,  and  measur"- 
meuts  of  the  vitality  of  the  men  affected 國 various  conditions  of 
work  and  number  of  working  hours  per  day.  No  task  is  reason- 
able unless  the  workman  can  fully  regain  his  loss  between  quittinu 
time  and  recommencing  work  the  next  day,  and  during  a  suiJi- 
ciently  long  period  of  observation  a  man  should  be  able  to  gain  or 
at  least  not  lose  anything  in  his  vitality.  Observations  should 
cover  at  least  four  factors  :  (")  Weight  ot  body  ；  (b)  blood  pres- 
sure ； (c)  teniperature  of  body  ；  and  (d)  pulse.  The  blood 
analysis  while  considered  desirable  is  too  cumbersome  to  make, 
and  otlicr  indications  being  favourable  can  safely  be  omitted. 
Almost  unanimous  statements  of  those  observing  the  task  woi  k 
performed  in  a  great  variety  of  industries  assert  that  men  are 
gaining  in  health  and  spirit,  but  scientifically  definite  data  alone 
could  prove  this  fact  beyond  any  doubt. 
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K\a.mpi.k  of  Daily  Heport  from  the  Plant  showin (；  Average 
Results. 


Finally,  the  time  element  in  relation  to  task  setting  fur  men. 
])articularlv  if  the  work  requires  a  considerable  strain,  must  be 
settled  by  examination  no  less  careful  than  the  study  of  the  t'\nw 
rate  of  driving  boilers.  When,  liowcvcr,  as  in  the  (w  of  fii-ciin'it. 
both  physical  strain  and  iittcntiuii  aiv  r'''iuirr(l.  it  was  found  that 
with  strong,  lioalthy  individuals  tlie  limiting  factor  on  min 山 ('r  of 
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hours  of  profitable  work  is  set  not  by  |)liysic;il  cxliiiusl  ion  Init  l»v 
weariness  of  spirit.    Other  conditions  l)(Mi)<i  a  I'nvinan  on  a 

12-hour  watch  is  found  1(>  l>c  about  I . .— ，  ]»<Mc<Mit.  less  cllicicnt  tli;m 
the  same  man  on  an  8-liour  shift.  . 

This  time-limiting  factor  on  liumaii  ciiiriencv.  taken  ui  con- 
junction with  a  scicntitic  rrr1:"iitv  in  (Ictcnuinat ion  oi  Hi:'  m"st 
a(lvant;ii:('(.us  tlininal  rlli.  inx  v.  Imm,',l  tin-  -mini. Is  .»n  " 
\\n\vv  rejectod  tho  sliding  sc;i,lc  oi  Imims  r; 山' results  rx<'。(Mlin^  tlic 
task  set  by  various  degrees.  The  task  s<-t  must  be  so  little  below 
the  most  advantaii^ous  poinUliat  it  could  1"'  rcacluMl  with  ^n';U''st 
|"'，iHit  to  all  (MHiccrnrd  and  it  is  not  ,l"sir;il 山' i'n.ni  «'<  on(»nical 
aspects  either  to  fall  short  of  "r  considerably  to  "vmvarli  it. 
OHVrii^  rxtra  compensation  f"r  excess  of  the  task  r,''|mr"m''iit 
n"';ms  in  iiiuil  analysis  citlicr  that  the  in  vest  i^ator  did  not  'l''t''r- 
mine  both  limits,  or  that  the  management  tempts  a  man  to  <lu 
nunv  than  tlic  ;m'r;w  cmployiT 山 m's  to  ask  ilin'rflv. 

Tlie  cxaniplc  ol'  cilicicut  (  "-"p'ratioii  Ix'twrcn  nnploycr  ； ind 
nti))luyr  in  the  、、- "r  plants  of  ])uhlic  utility  cor|Knat inns  ln-iv 
rcfnivd  to  (Icinonstratcd  tin'  value  "I'  tlic  ahovc  priu('ipl('s  ior 
setting  lask  atxl  accomplisliin^  tlif  ,m' 山 'trrmim'd  ivsnlts  in  firing 
boilers.  Tito  di;igra，n  in  Kiu.  \K  sliowinji  cost  kilowatt-liuur  "f 
fuel  rchitivc  to  iircmcn's  pay-roll  and  bonus  l"'f"iv  and  alter 
a(lo])tioii  of  scicntitic  ))asis  for  firing,  pn'sents,  outside  of  the 
inttMvstino;  r«、(lu(tiou  in  cost  since  the  change  of  method  t", 山 
place,  anotlier  IVaturo  also  of  no  less  importance,  namely,  that 
since  that  time  flic  unit  tost  n'maim'd  practically  constant,  while 
piwiously  it  fluctuated  consi<lcral>lv.  A  sample  of  daily  power 
plant  report  is  shown  in  Fig.  1<>. 

The  writer  does  not  claim  to  have  made  any  new  discovery 
or  oxlumstive  treatment  of  the  technique  of  the  question.  The 
inulci  taking  of  presenting  to  the  profession  a  brief  outline  ot  sys- 
tematic method  of  task  setting  for  one  particular  \oh  can  be  con- 
sidered fairly  fulfilled,  if  the  necessity  of  thorough  scientific 
ivsrarcli  an<l  accumulation  of  available  data  for  further  enlighten- 
ment of  the  many  still  obscure  facts  and  their  co-ordinations  is 
sudicieiitlv  dcnHmstnited. 


CORRESPONDENCE. 
Marine  Gas  Plants. 

To  the  Editor  of  "  The  Mechanical  Engineer/1 
Dear  Sir, ― 

I  ii  your  report  of  Prof.  W.  H.  Watkinson's  lecture  at 
Liverpool  University  on  the  subject  of  "  Recent  developments 
in  Marine  Pmpulsion,' '  the  reference  to  tli3  position  of 
marine  gas  plants  is  of  special  interest.  The  Professor  states 
1  hat.  very  tew  n\en  are  devoting  themselves  to  the  solution 
of  the  marine  gas  producer  problem.  With  tliis  I  agree,  and 
altliou^h  the  utility  and  desirability  of  this  new  venture  may 
lie  duly  recognised,  the  writer  reiterates  that  we  on  this  side 
are  too  much  iiiolined  to  tlie  "  ca  canny  "  policy.  Things  are 
moving  somewhat  faster  in  U.S. A .  in  this  department.  But 
t lie  problem  is  seldom  tackled  in  the  broadminded  way  which 
it  deserves.  So  far  as  at  present  revealed  it  appears  to  be 
an  indis])utable  fact  that  the  marine  gas  engine  is  a  long 
way  ahead  of  ^as  producer  develo])ment,  ； md  that  the  former 
i、  practically  held  up  from  successful  application.  Tn  case 
I  on  nmcli  should  he  made  out  of  tlie  ap])eii  ranee  of  remissness 
on  the  part  of  ^as  prothicer  engineers,  the  writer  takes  t liis 
occasion  to  express  liis  view  and  knowledge  oi  t  lie  ^as  producer 
|>nsit  ion.  1 1  it  lierio  ；"  tent  ion  lias  I>c*mi  directed  ")  t  he 
|'i "I'lt'm  ol'  ronsti'uctintr  gas  pnxliirers  adaplahlo  to  marine 
foiulitions  )>iit  using  anthracite  coal  or  coke.  Tliat  is  a 
<、oi"|)ar:it  "'el v  simple  pml 山' m,  l)ut  it  has  always  wmtnl  not 
wort  Ii  solving.  For  w  1 1  a  t  besides  tlie  saving  of  space  is  tlie 
;iJ vantage  of  rediu-in^  tlio  (|uantit y  of  fuel  used  for  ]>ro|>til- 
sion  it'  its  cost  is  raisod  ？  1 1  lias  for  years  been  the  special 
si  ud  v  ol'  tin*  writ  *m-  to  considei-  tlie  const  ruct  Ion  of  a  marine 
if  as  |>r" 山 con  joi  nl  I  v  with  the  use  of  cheap  hit  uiiunous 
fuel.  In  other  words,  substitute  bituminous  fuel  for  anthra- 
cite, and  thus  t-reatp  nn  outstanding  claim  tur  all  n>ttn<l 
fvononiy.  Tliis  can  only  he  acvomplislied  l)v  ( ho  sat  isl'artoiA' 
a]>plioation  ，"■  I  wo  element arv  comlitioiis,  viz.,  rout  inuit  v  ("' 
o})pration  and  i-ompleto  tar  elimination.  Fur  marine  ('"ml" 
t ions  also  it  is  essential  that  complete  tar  eliminat ion  l>o  I'v 
coineiNioii  4>f  ;i II  volal  ilo  nrodurfs  into  fixed  within  t  he 


generator,  and  t  hus  end  t  lie  iMM  ^ssitv  "'r  outsi<l<*  ，''n« -、 
ing  plant.  Tlie  writer  lias  not  con  fined  liimself  to  a  roiit«'iii 
plation  of  tlie  problem  as  thus  stated,  hut  lias  done  "i'i'  Ii 
towards  solving  the  problein  on  tlu?  ahovx*  liii 卜 l>v  reducing 
it  to  practice.  It  will,  however,  be  readily  grants  that  t«> 
properly  grapple  tli''  marine  problem  on  a  good  prartical 
scale  it  should  not  he  left  to  the  enterprise  of  private 
individuals.  The  prol 山 *m  is  a  fairly  big  one,  but  it  is  averred 
that  its  practical  solution  is  within  nicasu rable  distance,  and 
that  it  is  a  commercial  proposition  worthy  <»f  t he  attention  of 
the  capitalist  as  well  as  of  the  engineer.  I  it  tl"'  」/,「/〃〃'〃  ''/ 
Emjinci'i-  of  October  7th,  you  <Iesrril>o(J  and  illn-t  r  at«'«i 

one  invention  which  reveals  a  new  feature  in  gas  producer 
construction  involving  the  clieinisti y  of  gas  ma'm t.;"'l  m'f* ,  and 
designed  primarily  for  the  elimination  of  all  tarry  matters 
l)y  tlieir  conversion  into  fixed  gases  witliin  the  generator, 
'tliat  design  was  not  intended  to  he  more  than  a  practical 
etnlxidirnent  of  ； i  new  principle.  Since  then,  Iiovvever,  idik-Ii 
has  been  accomplished,  and  as  now  constructed  simplicity  and 
eHiciency  are  secured.  By  iniuor  rnodifirations  of  structure 
marine  coiuiitions  can  be  met  atui  t he  future  of  gas  ship 
propulsion  definitely  advanced  to  a  position  of  prime  impor- 
tance by  the  satisfactory  gasification  of  bitumii»ous  coal. 
When  this  is  clone  it  will  do  much  to  stave  oil  a 1 1 v  abnormal 
demand  for  oil  and  relegate  it  to  its  proper  and  economical 
field  of  usefulness. 

Yours,  <fec, 

Johx  Stewart. 

219,  St.  Vincent  Street, 
Glasgow, 

Dec.  22nd,  1913. 


INDUSTRIAL  AND  TRADE  NOTES. 

Sugden,  Ltd. ~ Tho  directors  of  this  r"m|':mv  havo  declared 
lend  at  the  rate  of  15  per  cent,  per  annum,  tlie  samo  as 
hist  yoa r. 

Clyde  Shipbuilding  Record.  —  The  Clyde  >liii'l'iiildmg  n'tim 卜 l«n- 
the  yea r  have  now  Ikhmi  niado  up.  and,  as  anticipated,  tl"'  ti^u rt>^ 
created  a  new  year's  record.  The  total  amounts  to  767,000  tons, 
which  exceeds  last  year's  rt'('(>rd  total  hy  (>v,'r  I'JD.hi in  "山、， 

Tync  Shipbuilding  Record. ―  Tli"  Tvn*'  山 mlfliii^  i  .'turns  loi- 
the  year  show  that  100  vessels  ； i^r''gMting  441 ,82fi  tons  "vrt> 
lamiolicd,  an  increase  of  seven  vessels  and  44,035  tons  on  last 
v*>ar,  and  a  decrease  of  23  vessels,  but  an  increase  ot  tons 
on  tho  record  year  1911.  The  output  tor  the  ]>a^t  v'  :ii  .  ilit'i  ,-t'ir''. 
constitutes  a  now  r*'(md. 

Magnetic  Lift  Crane  Fitted  with  Turbo-Generator.  ―  The  Hmwn 
Hoisting  ^1  acliinery  ('onipany,  ot  Clovoland,  Ohio,  have  rocontly 
l>eoi»  oxporimontintf  with  a  1-Vton  locomotive  crano  u  itli  an 
elect  io  magnet  lift  fitted  u  ith  "  o  k\\ .  'I'rrrv  lm  I"' 」''ii,  ratm  、，  i 
liy  tliis  means  (^lecti'it*  wiring  exterior  to  tho  locomotive  is 
t'liiniiKttt'd.  rrh*»  tm'l>o-g(、n('raU、r  sot  is  i nd*'|"'ml("it  ot  tli*、  othor 
opoi  atin^  portions  of  tho  mochanisni.     Tlu*    craiu*    has    "     U H  ( . 


Census  of  Motor-vehicles.  -In  ;i  n'"'iit  ("  '■  T1h、  （'； ,r.''  tli.-n- 

is  a  motor  eonsus  indicating  that  thoro  aro  now  42.1, (MM)  motor 
vchiflos  in  use  in  this  country,  '227.0(10  of  which  aro  motor  <  ;n  s, 
1 79,000  niotor-cych'S,  tlui  )>;ilaiu-t>  heavy  v*'lii<l,'、.     It  卜 

ostiniatod  tliat  4M,00()  ca rs  have  Itoon  ac*iuiro<l  during  tho  、,'：u. 
imdoi-  ivvit'、v,  as  well  as  .'iS,(H)0  motor  cycles  ;iti(l  ov«、r  ">.()( M)  li,':ivv 
nuitor  vohi<'l*\s. 

Types  of  Motors  in  Demand  in  Egypt.  —  Tl"iv 卜， 、： iv、  ：i 
(■orinaii  Consiihir  report,  a  t-onsi (！ t*ral»l«'  «tt*iii;ui<i  in  ly^vpl  I i>r 
siiuill  <ias  and  oil  motors,  small  oloctiic  motoi-s  lor  works,  suoh  as 
printing;  u orks,  piimpiiig,  Ac,  'l.vn:imo、  lor  li^litin^:  |'iu  |"'、，.、. 
and  lar^o  motors  ior  cotton  spiiiiiing  works  an<l  piimpiii!/ 
plants,  ("vat  liritiiin  is  iho  leading  siippl"','  of  ,'li'rlrir,  gas,  and 
petrol  motors,  l»iit  tlioi'o  is  koon  conipolition  troin  Sw  itzi-rhiml. 
(<orni:in  compt'titioii  in  t [icsc  liii，'、  is  ol"  coinparat i v**lv  r，'，.，'，i【 
dixit*.     Ill  otlhT 川：" 'liim'rv  tho  1' uitt'd  St:i"'、  is  tho  chifl  -、 iip|'l、 

c<HiM(ry. 

Gas  Engines  in  Japan.-  Aicoidi n^;  to  :m  AiiNtri;ni  ( 、、n、iil;i r 
ro|>oi( ,  tl"、iv  is  :i  protitaltlf  I" 卜 im'.、s  In  U*  in  *、ugii"'、 

in  .lapan.      hi    motors   up   to  -~t  h.p.,   tho  . I :i p:i '"•、''   m;n  tii m  i  \ 
iii'liistr.v  is  altlf  lo  supply  ( \\o  «loin:i imI .  a tu\  in  "、i W|ii，'i"'，'  nl 
lli^ll  ]'ilt*ks         iiiipni  t   <  1  n  1  \    hi  、lml   mil    l"r'wi  i  niii{>i-t  il  inn        1 1. 
ii""li"m  siz*、s,  I rom       h.p.  (<i  "•')  li.|，.，  t lioro  is  a  keei"、r 
1  ion  l)otu*MMi   tl"'  lioiiif  iii'Iii、1iv  and  loifi^ti  proiliut  ions;.        I  n 
motors  nvoi-  oil  h.]>.  i<»ivi«iii  t  ratio  is  pr，、'li)mi  na  t" .     ]  ii  tli,' 、 ' 
10T2  tho  imports  ol  i^as  motors  ninountod  to  ； i))oul  (；】 "〕.000,  and 
(  ii，vu、  cliit'My  I  roni  f i^i  inany,  SwodiMi,  riiilt-d  Si  ami  Fra，"、,、. 
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Japanese  Coal  Trade. ― Tlio  .lapanesc  coal  i  r;i<lr  ( 、、  ri 。's  1  lit' 
saki  correspondent  of  tlio  Press  Association)  lias  hocn  active 
throughout  the  jirosont  v*':u',  tin*  dcin and  frnni  ； ill  quarters  at 
Itomo  and  abroad  slio、viiig  a  steady  tt'mh'iicv  to  inorcasc  taster 
tlian  the  output.  The  production  of  coal  in  J  i\\y,\u  iiud  tho 
.J  a  pa  nose  collitM'ics  in  Sou  tli  Manchuria  is  expected  to  M^^rt^alc 
20,000,000  tons  iu、xt  vear.  Tlio  (|uantit:y  oxported  (luring  the  first 
six  months  of  191*5  was  2,000,000  tons,  and  it  is  lx'lioved  that  tlio 
total  for  the  year  will  r<iac]i  4 ,()()(), 000  ton's,  wl"'ivas  in  1012  it  Avas 
only    3, 000, 000    tons.     Strenuous  efforts  have  made  l)y  tli(* 

colliery  owners  to  incroas?  the  output,  but  only  tl"、  oponing  of 
new  fields  can  make  any  material  (liflViviitc. 

Light  Railway.  ― Tlio  ]5oar<l  o「  Tr;i(lt、  lia vt>  rtM-cnt  ly  rniilu  imhI 
the  undermentioned  Order  ma by  the  Li^lit  Kailw  ay  Commis- 
sioners : London  and  North  Western  Kaihvay  (Wolverhampton 
and  Cannock  Cliaso  I-i^lit  Hailu  a  v)  Tr;uist、'r  and  Amend nn-i 1 1 
Order,  1913,  authorising  the  transfer  to  the  TjoiuIom  jukI  Xorth- 
Western  Railway  Company  of  the  powers,  t\:c.,  conforifnl  on  the 
Wolverhampton  :m(l  C;i  m  imcl<  ( 'hasp  Hailw  a_\-  Con]]>;uiy  \>y  tin' 
Wolvei  liami)to)i  and  Cannock  Cliase  1^ ailw  ay  Acts  of  1901  ;i iul 
of  1903，  and  hy  the  Wolv-orliainpton  and  Cannock  Clinso  Kaih\  ay 
( Light  Railway)  Orders  of  1907  and  of  1910,  and  oxteixlin"  tho 
time  limited  for  the  completion  of  part  of  the  railways  thereby 
autliorised,  and  authorising;  tlio  London  and  Nortli-Westei*n  M;\'\\- 
way  Company  to  al>a ndon  otluM-  parts  of  sucli  railways,  and  to 
construct  new  light  railwats  iti  suhst i tution  tluM'cfor,  ;uul  for 
other  purposes. 

Midland  Railway  Statistics. ― Some  interesting  figures  cojicrrir  n- 
tlio  .M  idland  ny  h;n't'  tccon  t ly  Ikmmi  published  liv  the  ]\l  idl.-nnl 

Hailu  ay  Temporanco  ITnion,  TVrl'v.  According  to  tlirso,  the 
total  number  of  employes  is  70,001.  Of  this  number  29,800 
ivprt、sent  the  uniform  staff,  2,o47  the  clerical  staff  at  Derl>y,  and 
13,659  total  nunibor  ot  workmen  in  all  shops.  The  annual 
salaries  and  wages  paid  by  the  company  amount  to  £5,208, 83(i. 
Of  engines  there  are  3,024,  carriage  stock  6,1-1(1,  wagon  stock 
130,741，  horses  5,3Go,  road  vehicles  7 ,123.  During  the  12  months, 
-14 ,784,246  passengers  were  carried.  There  are  228,471  season 
ticket  holders,  and  the  train  miloa^o  was  4^,804,941.  1  n  the  12 
montlis  1,919,273  tons  of  coal  and  coke  Me  re  burnt,  and  tlie  cost 
of  coal  consumption  works  out  at  £2,760  per  day.  The  company's 
stations  nu ruber  603.  The  capita]  already  expended  on  this  parti 
cular  railway  aggregates  £128,82o,6o(T.  It  owns  1,761  miles  of  line, 
and  13  miles  are  either  in  course  of  construction  or  liave  been 
authorised,  while  it  partly  owns  329  ru  les. 

A  Large  Electric  Hoi".  ―  A  contract  tor  tin1  hi i-^-st  electric 
hoist  in  America  was,  according  to  "  Engineering  News," 
recently  awarded  by  the  North  Butte  Mining  Company  to  tho 
W'estintrhouse  Electric  and  Manufaotn rin^  Company.  The  hoist- 
ing (ln'm,  which  will  he  12ft.  cliam..  、、ill  1h、  （lrivt'n  liy  a  direct- 
(•iinvnt  motor  of  the  type  used  in  steel  mills,  running  at  a  speed 
of  al)out  71  revs,  per  minute.  This  motor  will  take  power  from  a 
motor-generator  set  equipped  with  a  15-ton  flywheel  for  the 
cliniiiiation  of  peaks  in  the  power  line  during  starting  and 
accoleration.  The  electrical  equipment  alone  will  weigh  more 
than  250  tons.  The  hoist  motor  will  have  a  maximum  intermit- 
tent rating  of  4,500  h.p.,  and  the  motor-generator  set  will  be 
driven  by  an  induction  motor  having  a  continuous  normal  rating 
of  1,400  h.p.  The  differonoe  between  these  ratings,  of  course, 
represents  approximately  the  amount  of  energy  that  、vill  bp  suj) 
plied  by  the  flywheel  (hiring  starting.  ！ Round  ropp  l|in.  diani. 
will  he  used,  and  the  oc|iiipment  is  designed  for  a  normal  rr»p'> 
speed  of  2,7()0ft.  per  miinite,  with  a  niaximum  of  3,()0Qft.  per 
minute.  The  capacity  of  the  hoist  、vill  permit  300  tons  per  hour 
1)(mii«j;  1  misted  from  a  2,000ft.  level,  or  200  tons  per  hour  from  a 
4,000ft.  level.  The  ore  will  be  handled  bv  nivalis  of  skips,  having 
a  capacity  of  7  tons  each.  Hoisting;  a\  i  1 1  ho  af  f'oniplished  in 
balance,  but  the  equipment  is  large  enough  to  take  care  of  im- 
l)alanced  hoisting.  A  number  of  special  safety  (lt>vi(、"s  are 
included  in  the  equipment,  ejj.,  electrioally  released  brakes,  auto- 
matic slow-down  devices  to  prevent  the  skip  or  cage  from  going 
through  the  head  sheaves,  and  a  special  controller  to  limit  the 
speed  when  men  are  being  hoisted. 


NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  10d.  Address 
" Mechanical  Engineer^  53,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1912. 

Tiiternal-combustion  engines.    Smith.  20762. 

Heating  of  fluids.    McConrt,  and  lladiant  Heating,  Ltd.  22305. 
(Construction   of  turliine  rotors.    Parsons,   Carnegie,   and  Cook . 
23049.  * 

Contiolliiifj;  steam  entities.    Esplen.    25271  - 

Api^aratus  for  cleaning  iron  and  steel.    Macniool.  27521. 

Piu-ific-ation  or  oxti*action  of  iron.    Benjamin.  271)08. 


I'f'iviM-sal  jr>iiiis  applicnMc  tor  .shafts.    .Macklick.  28007. 
PiKMiniatic  sbiinps  for  crushing;  ("v.     Holinan  A'  llolmaii.    LJ81 10. 
X'iiriaMc  spoed  ^cars.    Collier  &  Collier.  2821.1 
St,':mi  wi,、i'at("'s.    AViliiains.    28*2 18. 

V:ilv('s  lor  int^i-tKil  c(>ml»ust  ion  cii^int's.    Allgcini'inc  Elektricitiits 

Os.  28220. 
Strum  hoilcrs.     I'ollak.  28'2：50. 

Foundry  mouldintr   hoxos.     Uix,   Moore,   >Stod(lart,   and  Patoii 

28'm. 

Preventing     incrustation     in     steam- generators.    CV>ko  Ovon 

Machinery  Co.  28895. 
H ack  siiu  niacliinos.    WicksLeed.  28414. 
Self-locking  nuts.    Frankiess.  28.592. 

Mcnsurement  of  the  flow  of  gas  in  pipes.    Edmunds.  2H(i.'>i). 
"augp  for  indicating  efficiency  of  condensers.    vScanes.  287.V5. 
(;as  producers.    Franks  &  Sanders.  28936. 
Internal-combustion  engine  valves.    Knight.  28990. 
Turhino  rotors.    Hutson  &  Ford.  29075. 
.Machines  for  testing  lubricants.    Hislop.  29086. 
(Iiange  speed  friction  gearing.    Burgess.  29771. 
Starting  motors  for  J? uslimore.  29932. 

1913. 

Steam  and  vacuum  traps.    Ogdt'ii.    1  :i'2'2 . 

TiittM-nal  fomhustion  engines.    Constantinesco.  1(>83. 

(ias  producers.    Home.  1783. 

Kiu  na(';、s  for  roasting  ores.    De  Spirlot.  18-10. 

Hearings  for  lathe  centres.    Sokal.  3047. 

I^unping  systems.    Rosencrans.  3453. 

I  iitcriKiI c(nii!>ustio]i  engines.  Frasci-.  lii-iinnier.  and  ^Furpliy.  4()ol. 
Carburetters  tor  i iiti'i  nal-combustion  engines.    De  Veullc  .r>】（M). 

I I  vdraiilic  pimips.     Mistral  &  Broche.  -"><)24. 
Float  chambers  for  carburetters.    H  a  us.    广"; -31. 

Chain  l>elts  for  the  transmission  of  power.    Brooks  &  Holt.  . 

I nternal-combustion  engines.  Gardner. 

Furnacos  for  pulverous  fuel.    Von  Porat.  0039. 

Governing    mechanism    for    elastic-fluid    turl)inos.        AVarw  ick 

Machinery  Company.  7897. 
Two-stroke  cycle  internal  conil)Ustion  engines.    Kemp.    7926 . 
Tool  holders  for  tool- grinding  machines.    Lunisdt'n.  8067. 
Stciun  superheaters.    】jittoii.  8702. 
Lathes.    Wilhelm  Hegenscheilt  Ges.  9569. 
I  utrriial conihiistion  (Mi^inos.    Graham.  992-5. 
Carburetters  for  internal-combustion  engines.    Claiulf I.    ]  1*239. 
Tool  socket  or  chuck.    Archer.  11292. 

I'  m'l  pumps  for  internul-comhustioii  engines.    )lill('r.  12247. 
S.viK'lu'onising  devices  for  facilitating  the  coupling   of  rotating 

shafts.    Yarrow.  1'3()80. 
High-speed  air  compressor.    Lang.  13129. 
Anti-friction  boatings.    M ellersli-Jaokson.  ];M49. 
-M  ulti  cylinder   internal coinl^ustioii   engine   witli    ； it    lenst  ono 

char^in^  punij).    Allgemeine  Elektricitiits  Ges.  1.'3914. 
Mechanical  stokers.    De  Grahl.  15042. 
C'a  rburetters.    Smith.  15197. 
High-speed  circular  saM's.    Hendee.  15470. 
Exhaust  silencer  for  internal-combustion  engines.  Tol)ov. 
Distribution  valve  for  internal-combustion  motors.  】"'an.s. 
C'lian^c  sptnul  gear.    Marks.  16687. 
Criitrifugal  compressors.    Mellersh-Jackson .    174^3] . 
Tube  cleaners.    Eudolph.  21836. 
Adjustable  boring  tools.    Blocksom.  22597. 
Construction  (>i  ^car  w  heel.    Parsons,  Carnegie,  and  Cook. 
Driving  belts.    Wright.  25218. 


15487. 
15841. 


23703 


METAL  QUOTATIONS. 

TUESDAY,  DECEMBER  30th. 

Aluminium  ingot    96/ -  per  cwl. 

，，         wire,  according  to  sizes,  &c  from  121/-  ，， 

，，         sheets        "  "   ,  126/ -  ，， 

Antimony   £28/-/-  to  £30/—/—  per  ton. 

Brass,  rolled   7 id.  per  lit. 

，，     tubes  (brazed)    9Jd.  ，， 

，，       ，，     (solid  drawn)   8^d.  ，， 

，，       ，，      wire    7|d.  ，， 

Copper,  Standard   £66/2/0  per  ton. 

Iron,  Cleveland   50/0  ,， 

,, Scotch   56/6  ，， 

Lead,  English    £18/5/-  ,， 

„     Foreign  (soft)    £17/15/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  ，,  ，，       medium   3/6  to  0/-  ,， 

，，  ，，  „       large   7/(i  to  11/- " 

Quicksilver   £7/10/-  per  bottle. 

Silver  ；   26  Jd.  per  oz. 

Spelter    £21/15/-  per  ton. 

Tin,  block   £170/15/- ，， 

Tin  plates   12/9  ,， 

Zinc  sheets  (Silcsian)   £25/-/-  ,， 

，，  (Stettin  ；  Vieille  Montagne)   €24/12/0  ,， 
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=FLEXIBLE== 
METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,   Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  (-, 

ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD  OFFICE: 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
Works :  PONDERS   END,  MIDDLESEX. 

Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 


The  "  PERFECT"  VISE 


e-  Dept.       j.  PARKINSON  &  SON，  SHIPLEY,  YORKS. 

NOW  READY. 

Fowler's  Mechanics  &  Machinists' 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 

T he  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  \\  j t h  the  result  that  thousands  w ere  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 
Price  8d.  post  free. 

SCIENTIFIC   PUBLISHING  COMPANY, 

53,  NEW  BAILEY  STREET,  MANCHESTER 


Telegrams  ：  "Scientific,"  Manchester. 
Telephone  No.  6(155  City. 


SUBSCRIPTION  RATES. 

United  Kingdom  ：  12/ fj  per  annum,  post  free. 
Canada  ：  14/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Tbin  paper  edition. 

21/-*  ，，  ，，  Thick  ,， 

•Foreign  Remittances  by  International  Money  Order  only. 

Note  —  Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the 
Scientific  Publishing  Company,  and  forwarded  to  our  Manchester 
Office,  53,  New  Bailey  Street. 

Advertisements,  flisplayod,  for  insertion  in  current  issue  sbouM 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Foundry  Experience  and  Workshop  Management. 

Mu.  Koberts'  paper  on  pattern-making,  recently  read  】）efor" 
the  Manchester  Association  of  Engineers,  contained  not  only 
sonic  practical  observations  on  pattern-sliop  equij)inent ,  but 
also  some  thoughtful  remarks  on  the  value  of  harmonious 
working  between  the  various  clcpartnients  of  an  engiiK 屮 rin"' 
shop  in  securing  efficiency.  While  this  seems  a  truism  and  is 
the  principal  aim  of  all  good  management,  it  is  surprising  how 
often  this  essential  to  economical  production  is  wanting. 
This  is  due  partly  to  tlie  natural  conservatism  that  c-lin^s 
more  or  less  round  every  skilled  trade  and  leads  it  to  decline* 
instruction  from  another,  the  inoukler  does  not  want  tJir 

patteni-niaker  to  teach  him  his  business,  and  vice  versa,  while 
both  hold  the  contemptuous  opinion  that  those  in  tlie  drawing 
office  are  not  fit  to  give  instructions  to  either  of  them.  But 
more,  we  think,  is  du-e  to  the  lack  of  foundry  expedience  on 
tlie  part  of  managers  in  general .  How  in  any  of  those  who 
hold  such  a  position  would  be  capable  of  carrying  through 
even  a  comparatively  simple  piece  of  work  on  the  foundrv 
floor  ？  Very  few,  and  fewer  still  would  know  how  to  tackle 
a  fairly  difficult  job.  The  fact  is,  the  foundry  is  regarded 
as  a  very  dirty  place,  wliidi  it  no  doubt  is,  and  its  handicraft 
skill  as  very  inferior  to  that,  say,  of  the  pattern-maker  or  tlie 
litter,  which  it  certainly  is  not,  and  generally  as  a  depart  nifiit 
of  which  the  aspiring  engineer  apj)rentiec  with  his  eye  on 
eventual  managership  need  take  little  cognisance.  This  is  a 
mistake,  for  the  ignorance  of  this  department  is  respon^il)!'' 
tor  more  expense  in  pattern  shop  and  found ry  than  manv 
works  managers  are  aware  of.  It  is  of  course  inipossiUh' 
to  lay  down  rules  as  to  the  training  essential,  or  desir- 
able, for  a  works  manager.  So  much  depends  on  circum- 
stances, the  nature  of  the  work  done,  simple  or  complicated, 
heavy  or  light,  &c.，  but  we  venture  to  assert  that  in  a  shop 
engaged  on  heavy  and  varied  work  and  including  a  foundrv 
in    its    equipment  a  technical  acquaintance  with  its  work 
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would  stand  the  manager  in  quite  as  good  stead  as  a  similar 
actiiiaintaiR-c  with  the  inachining  and  fitting  shops.  These 
departments  can  certainly  be  better  left  to  take  care  of  them- 
selves under  their  respective  foremen  without  risk  of  serious 
increase  iu  labour  cost  on  any  particular  job,  than  can  the 
foundry,  which,  owing  to  technical  ignorance  on  the  part  of 
the  management,  it  often  has  to  do.  We  commend  this  view, 
as  the  outcome  of  intimate  practical  knowledge,  to  the  atten- 
tion of  all  engineering  students  who,  in  connection  with  their 
shop  training,  have  an  opportunity  of  choosing  the  disposition 
of  their  time  amongst  various  departments.  The  pattern  shop 
and  the  foundry  are  both  too  much  neglected  for  the  fitting 
bench  and  the  erecting  shop,  although  in  the  two  former 
mistakes  are  more  easily  made  and  more  costly  to  rectify. 

In  the  course  of  his  paper,  Mr.  Roberts  gave  a  few  illus- 
trative examples  of  the  extent  to  which  harmony  of  working 
between  moulder  and  pattern-maker  was  conducive  to  economy 
of  output,  and  how  tnuch  more  frequently  the  perception  by 
the  former  of  th©  practical  difficulties  of  the  latter  could  be 
advantageously  applied.  How  often,  for  instance,  is  the  work 
of  the  jiioulder  increased  through  the  sparing  allowances  of 
taper  afforded  and  the  rigid  adherence  of  the  drawing  office 
to  right-angle  sections  for  box  beds,  &c.，  when  they  might  be 
made  just  as  easily,  be  designed  with  a  rake  that  would 
enable  the  pattern  to  "jump"  out  of  tlie  sand  without 
having  fco  knock  it  to  pieces  or  shake  the  mould  in  a  way 
that  calls  for  no  end  of  time  in  patching  up.  How  often 
again  does  the  moulder  familiar  with  the  resources  of  his  craft 
find  the  expense  of  costly  patterns  incurred  for  moulds  that 
might  with  little  modification  he  as  easily  made  with  a  strickle, 
or,  in  other  cases,  ugly  bits  pinned  on  to  patterns  that  involve 
a  troublesome  "  draw  back  "  in  the  mould  that  materially 
increases  its  cost  and  at  the  same  time,  owing  to  the  complica- 
tion involved,  enhances  the  risk  of  a  "  waster."  He  could  pro- 
bably point  this  out  if  he  knew  something  of  other  depart- 
ment s  a 1 1 d  had  a  better  general  knowledge  of  the  purpose'  the 
casting  was  intended  to  serve,  but  in  these  respects  he  is 
usually  sadly  lacking,  and  concludes  that  the  "  tag-piece  **  on 
the  pattern  is  an  unfortunate  necessity  from  the  moulding 
point  of  view  and  peimits  of  no  other  alternative,  slinigs 
his  shoulders  and  makes  the  best  of  it.  In  other  cases 
the  foundry,  with  a  false  idea  of  economy,  is  given  old  patterns 
to  use  which  are  so  battered  that  to  make  a  few  castings  call 
for  the  expenditure  of  so  much  time  on  each  mould  that 
it  would  be  far  cheaper  to  provide  a  n ew  pattern  to  begin  with. 
Here  again  a  manager  with  technical  knowledge  of  the  foundry 
would  avoid  this  penny  wise  and  pound  foolish  policy.  The 
influence  of  this  knowledge  would  be  perceptible  on  the  job 
in  the  drawing  office  to  begin  with,  and  find  an  economical 
reflection  in  every  other  departmenl  through  which  it  subse- 
quently had  to  pass. 


Manchester  University  Special  Engineering  Lecture*.— A  special 
short  course  of  five  lectures  will  be  delivered  as  follows  ：  (1) 
'( Design  of  Steam  Turbines,"  by  Gerald  Stoney,  B.E./F.R.S., 
M.Inst.C.E.,  on  January  22nd  and  January  29th  ；  (2)  "  Coast 
Erosion  and  Coast  Protection/'  by  Ernest  R.  Mattliews, 
A.M.In^t.C.E.,  F.R.S.E.,  on  February  5th  and  February 
12th  ；  (3)  "  The  New  Principles  involved  in  the  Humphrey 
Pump/'  by  H.  A.  Huni])lney,  M.Inst.C.E.,  on  February  26th. 
Lectures  4  and  5.  Tlie  lectures  will  be  lield  in  tlie  Engineer- 
ing Dejjartnient,  Couj^land  Street.  A  fee  of  one  guinea  will 
be  charged  for-  the  five  lecture?.  Members  of  the  Manchester 
Association  of  Engineers  may  obtain  tickets  at  half-a-guinea 
on  application  to  the  registrar. 


BOOK  REVIEWS. 

The  Journal  of  the  Institute  of  Metals.    (Vol.  X.)    Kditnl  l>y 

G.  Shaw  Scott,  M.Sc  The  Institute  of  Metals.  London  : 
Caxton  House,  Westniinslcr.  S. W.    477  pp.    Price  21s.  m't. 

The  tenth  volume  of  Proceedings  just  published  by  the 
Institute  more  than  maintains  the  previous  standard  of  ex(  ('lk"i['('. 
The  most  important  paper  in  this  volume  is  the  Second  Report 
to  the  Corrosion  Committee,  together  with  the  discussion  and 
communications  thereon.  Besides  this  there  are  10  other 
papers  embodied  in  the  volume,  including  :  (1)  "  A  Study 
of  Volume  Changes  in  Alloys,"  by  Mr.  J.  H.  Chamberlain,  M.Sc  ； 
(2)  "The  Micro-Chemistry  of  Corrosion  :  I.  Some  Copper-zinc 
Alloys,"  by  Dr.  C.  H.  Desch  and  Mr.  S.  Whyt('，  B.Sc  ； (:;) 
" Metallographical  Researches  on  Egyptian  Metal  Antiquities." 
by  Mr.  H.  Garland  ；  (4)  "  The  Specific  Volume  and  Constitution 
of  Alloys,"  by  Dr.  W.  M.  Guertler  ；  (5)  "The  Copper  Rich 
Kalchoids,"  by  Prof.  S.  L.  Hoyt  ；  (G)  "  A  Method  of  Improving 
the  Quality  of  Arsenical  Copper,"  by  Mr.  F.  Johnson,  M.Sc  ； 
(7)  44  Tlie  Influence  of  Phosphorus  on  Some  Copper-aluniiniuin 
Alloys,"  by  Prof.  A.  Read,  M.Met,  ；  (8)  u  The  Annealing  of 
Gold,"  by  Dr.  T.  K.  Rose,  Assoc.R.S.M.  ；  (9)  "  The  Intercrvsta]- 
line  Cohesion  of  Metals ― Second  Paper,''  by  Dr.  W.  Rosenhain, 
F.R.S.,  and  Mr.  D.  Ewen,  M.Sc.  ；  (10)  "  The  Determination  of 
Oxygen  in  Copper  and  Brass,"  by  Mr.  T.  West,  M.Sc.  The  section 
of  the  journal  devoted  to  abstracts  of  papers  relating  to  the  non- 
ferrous  metals  and  the  industries  connected  therewith,  is  another 
useful  feature. 

#    *  # 

Water  ：  Its  Purification  and  Use  in  the  Industries.  By  William 
W.  Christie,  Mem.  Am.  Soc.  of  Engineers.  London  :  Con- 
stable &  Co.    Sin.  by  5^in.    219  pp.    Price  8s.  6d.  net. 

This  is  an  interesting  monologue  on  the  subject  of  water 
softening,  but  its  value  to  British  readers  is  marred  by  the  fact 
that  it  relates  mainly  to  American  practice.  The  subject  is  now 
well  understood,  and  the  varieties  of  apparatus  are  differentiated 
from  each  other  mainly  by  details  of  construction.  These  are 
indicated  by  the  photo  illustrations  with  which  the  book  is 
furnished,  but  as  the  several  kinds  of  apparatus  are  only  desig- 
nated by  various  alphabetical  letters  these  do  not  afford  much 
help  to  the  reader  who  desires  to  select  one  to  meet  his  special 
requirements.  It  would,  we  think,  be  an  advantage  if  some  key 
to  this  list  had  been  given  so  that  the  various  makes  could  have 
Ikmmi  identified. 


BOOKS  RECEIVED. 

Soft  Soldering  and  Hard  Brazing.  A  practical  treatise  for 
the  metal  worker.  By  James  F.  Hobart,  M.E.  London  ： 
Constable  &  Co.     7 in.  by  4|in.    190  pp.  4s.  net. 

Examinations  in  Science  and  Technology,  1913.  List  of  Can- 
didates who  passed  in  1913.  Wyman  &  Sons,  Ltd.,  'Fetter 
Lane,  E.C.    Price  9d. 

Village  Electrical  Installations.  By  W.  T.  Wardle,  A.M.I.E.E. 
London  ：  Wliittaker  &  Co.    80  pp.    2s.  net. 

Elementary  Graphic  Statics.  By  John  T.  Wight,  A.M.I.M.E., 
with  135  illustrations.    London  ：  Whittaker  &  Co. 


BABCOCK  &  WILCOX  WATER  TUBE  BOILER. 

The  Babcock  &  Wilcox  Company,  of  New  York,  have  recently 
patented  the  arrangement  of  water  tube  boiler  shown  in  th(、 
a'-compaiiying  sectional  views.  It  comprises  a  lower  set  of  in- 
clined tubes  K  and  an  upper  set  of  inclined  tubes  L.  The  lower 
tubes  are  connected  at  one  end  to  vertically  extending  headers  M. 
of  the  ordinary  zig-zag  or  serpentine  type,  and  the  upper  ends  of 
these  headers  are  connected  by  pipes  or  nipples  to  a  steam  am】 
water  drum  N.  The  upper  sot  of  tubes  L  is  shorter  than  tlit'  lower 
scl  and  at  on"  ('ml  tlicv  arc  ('mim'rted  to  vertical  headers  O.  wliicli 
； m'  comu'ctcd  by  nipples  to  the  steam  ami  walcr  (hum.  The 
(►j)posilo  ends  of  the  tubes  L  are  coinu'cted  to  vertical  ] leaders  P, 
liavinji  at  their  upper  ends  nipples  connecting  to  the  steam  and 
water  drum.  The  headers  P  extend  downwardly  far  eiiout>h  to 
r*'<  ('iv('  all  of  the  tubes  L  and  are  】iippled  at  their  lower  ends  to  a 
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lower  corrcspondiiiji  set  "『 li('ad('rs  R  receiving  t  lir  ('mis  "I  f  Ik- 
lower  set  of  water  t  utx'S  K. 

Two  sets  of  grates  cxtriul  from  tlu1  front  aiid  rear  walls,  to  a 
bridge*  wall,  extending  transversely  at  an  int('ini('<li;"('  point. 
l'，ir('(l(K>i's  aiv  pmvi 山' il  ； it  both  ends  of  the  sotting.  As  shown,  a, 
lower  horizontally-extending  baffling  H  lies  on  the  lower  row  of 
water  tubes  and  unothcr  iiorizontal  ImiHe  T  (^xtvnds  from  tlir 
opposite  end  and  lying  on  tin1  upper  vow  of  tlic  lowrr  s<it  of  t  uhrs 
K.  At  tho  end  of  the  hni\W  T  is  a  vertical  halllc  I'.  leaving  a  ^as 
port  at  its  uppn-  end,  and  a  depending  baffle  V  is  placed  lict  wren 
the  baffle  U  atul  the  up-takc  W.  Tlio  flames  and  ^asc.i  arc  tlms 
oivon  a  tortuous  course  along  and  across  tluk  water  lubes.  The 
s|m('<>  hetw(MMi  the  headers  0  for  the  upper  set  of  tultrs  L  ;iiul  the 
pipe  coiUKH-tioiis  for  the  corrospoiHHnjj;  licadcis  of  the  lower  scl 
of  tubes  is  lar^e  enough  to  allow  entrance  of  a  man  throu^li  tl"' 
side  wall  of  the  setting.  For  this  purpose  doors  are  provided  in 
the  side  walls. 

In  the  operation  of  tin1  hoilcr,  tin*  water  and  strain  in  the  lmvcr 
tubes  flow  into  the  lu'adn's  M ,  and  tluin  tlirou^Ii  tlic  pip"  ('"mi''r- 
tioiis  diivctly  into  the  steam  and  water  drum,  、vl"'r<'  tli(>  slcarn  is 
lolcased.  A  vapid  circulation  may  tlms  be  provided  in  t  Ik*  lower 
set  of  tubes  wliich  is  nearest  tlic  furnace  and  is  most  lial 山' lo  1"' 
burnt  out.  This  up-circulation  of  steam  and  water  passes  upwa  idly 
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s('l>aiatti  from  the  up-circulation  of  the  tubes  L，  the  latter  passing 
up  though  the  headers  0  and  nipples,  as  practically  solid  water, 
； m,l  descending  through  the  headers  P  and  R.  The  water  cin-u- 
latmg  through  the  tubes  L，  rises  through  the  】ieadei's  0  and 
nipples  into  the  strain  ； uul  water  drum,  and  the  upper  set  of  tulu  s 
mav  be  formed  of  any  desired  number  of  rows.  As  this  upper  set 
is  subjected  to  the  funuu-o  gases  after  they  have  parted  with  part 
()f  tlicir  heat,  the  rows  of  tubes  of  this  upper  set  may  be  stacked 
al— )ovt'  each  otht'i  to  almost  any  desirable  height  within  practical 
limits  without  thinger  of  burning  out  the  lower  tubes. 


The  Institution  of  Civil  Engineers  ：  Students'  Meetings.    Ai  l  lie 

s"i(Jt'nts'  meeting,  held  at  the  I  ustitution  on  Friday, 
December  19th,  Mr.  W.  E.  Gurry,  Stud.  Inst,  C.E.，  read  a 
paper  entitled  "  Air  Filtration  and  the  Cooling  and  Ven- 
tilating of  Electrical  Machines."  The  cliair  was  taken  l、v 
Mr.  J.  S.  HighHeld,  M.Inst.C.E.  The  author  dealt  with  the 
general  principles  of,  and  the  plant  used  for,  air  filtration 
and  the  cooling  and  ventilating  of  electrical  generators.  Tlie 
paper  was  illustrated  by  a  number  of  lantern  slides.  An 
interesting  discussion  followed,  the  proceedings  t-erminating 
with  a  vote  of  thanks  to  the  chainnan. 


TEST  OF  HUMPHREY  PUMPING  PLANT  AT  CHINOFORD. 

An  interesting  report  has  recently  l)een  issi""i  on  tlie  "-  t 
of  the  II uiiiplirey  pumping  plant  installed  at  Km 乂  （；<•',, 二''  \' 
Reservoirs,  Cliingford,  Middlesex.       The  tests  were  mad*; 
under  the  supervision  of  Mr.  William  B.  Bryan,  M .  I  n    .( '  \\  ， 
Chief  Engineer  of   1 1n*   *、l('t  ro|xWil  an    Water   I5o;i  i  d.  Tli'' 
pumping  plant,  wliich  was         山"' J  hv  the  Pinup  a i h j  I'owf-r 
Coriipany,  Ltd.,  38,  Victoria  Street,  Westminster,  S.W.,  to 
the  order  of  the  Metropolitan  Water  Board,  consists  ot'  「i  .'' 
1 1  umphrey  iiiternal-conibustifiii  pum|>、  working  on        山 i'.'  r 
gas,  the  gas  being  supplied  l)y  four  Dovvson   pi'e— sure  pro- 
ducers gasifying  anthracite  coal.      The  pumps  were  designed 
by  the  Pump  and  Power    Company,  and  constructed 
Siemens  Bros.'  Dynamo  Works,  Ltd.,  Stafford.  The  producer 
plant  was  constructed  by  the  Dowson  and  Mason  Gas  Plant 
Company,  Ltd.,  Levenshulme,  Manchester. 

Four  of  the  pumps  were  each  to  be  capable  of  delivering 
40,000,000  gallons  of  water  per  day  of  24  hours,  or  27,780 
gallons  per  minute,  and  tlie  remaining  pump  to  be  capable 
of  delivering  20,000,000  gallons  per  day  of  24  hours,  or  13,890 
gallons  per  minute,  the  water  being  raised  in  all  cases  to  a 
height  of  from  25ft.  to  30ft.    The  pumps  are  of  the  "  drowuer! 

suction  four-stroke  cycle  11  type  Three  of 
the  Dowson  producers  were  each  to  be  cap- 
able of  gasifying  3701bs.  of  anthracite  per 
hour,  and  the  remaining  producer  to  be  cap- 
able of  gasifying  1381bs.  per  hour.  The 
pumping  plant  is  installed  for  the  purpose 
of  raising  water  from  the  River  Lea  into  the 
large  storage  reservoir  at  Cliingford,  Essex. 
Fig.  1  is  a  diagram  showing  the  arrangement 
of  the  pumps,  producers,  waterways,  &c. 

Fttel  Guarantees. —— The  contract  required 
that  the  fuel  consumption  for  each  pumj) 
should  not  exceed  l'llbs.  of  anthracite  gasi- 
fied in  the  producers  per  actual  water  horse- 
power hour  when  working  at  full  load  dur- 
ing an  official  trial  of  six  hours.  (The  ex- 
pression " actual  water  horse-power  hour  ，， 
means  the  work  done  in  raising  the  actual 
quantity  of  water  pumped,  the  lift  being 
measured  as  between  the  average  suction 
level  in  the  pump  pit  and  the  average  water 
level  in  the  delivery  tower.) 

The  manufacturers  of  the  producer  plant 
guaranteed  their  producers  to  generate 
78  cub.  ft.  of  gas,  having  a  calorific  value 
^  (lower  scale)  of  150  B.T.IJ.  per  cubic  foot, 
from  lib.  of  suitable  anthracite  coal. 
The  quantity  of  producer  gas  made 
naturally  depends  upon  the  prevailing  tem- 
perature and  pressure  -  for  instance,  if  the  temperature  of  tlie 
gas  is  higher  than  normal  the  volume  of  gas  will  be  greater, 
but  the  calorific  value  per  unit  volume  will  be  less.  In  auy 
case,  the  producer  efficiency  guarantee  would  not  be  fulfil  led 
if,  from  lib.  of  coal  gasified  the  total  heat  units  in  the  gas 
made  (lower  value)  should  be  less  than  150  x  78=  11,700. 

Considering  the  pumps  themselves  apart  from  the  pro- 
ducer plant,  and  assuming  the  latter  to  perform  the  guarantee 
exactly,  the  pumps,  to  fulfil  their  guarantee,  must  have  an 
over-all  thermal  efficiency  of  19  7  per  cent,  calculated  from 
the  heat  units  supplied  in  the  gas  and  the  work  done  in 
water  raised. 

Method  of  Carri/'uKj  Out  TV -、 •/.、'• 一 The  methods  adopted 
were  agreed  as  between  Mr.  W.  B.  Bryan,  M.Inst.CE.,  Chief 
Engineer  of  the  Water  Board,  and  Mr.  II.  A,  1 1  uinpliiev, 
M.Iiist.C.E.,  on  behalf  of  tlie  Puni])  and  Power  Cmiipai", 
Ltd.  It  was  decided  to  carry  out  the  producer  tests  indepen- 
dently of  the  pump  tests,  that  is  to  say,  a  six-hour  test  on 
each  of  the  producer  units  was  first  made  in  order  to  ascertain 
for  each  producer  the  quantity  and  heat  value  of  the  gas 
made  per  lib.  of  anthracite  used.  A  six  hour  t est  on  each 
pump  was  then  carried  out  to  ascertain  the  ； unount  of  gas 
consumecK  and  the  total  heat  value  of  the  gas  per  actual 
water  horse-power  hour.    Combining  the  results  of  the  pump 
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tests  with  the  average  result  obtained  trom  the  producer 
tests,  the  coal  consumption  per  actual  water  horse-power 
hour  was  determined. 

Producer  Tests. ― Each  producer  was  tested  for  a  period 
of  six  hours.  The  height  of  the  fire  was  measured  at  1  he 
beginning  of  the  test,  and  maintained  approximately  con- 
stant, and  in  all  cases  the  level  at  the  end  of  the  test  was  the 
same  as  at  the  beginning.  Coal  was  fed  into  the  producer 
about  every  15  minutes,  and  the  gas  made  was  measured 
through  a  gas  meter  and  was  burnt.  The  meter  was  of  tlie 
rotary  type,  and  was  calibrated  before  and  after  each  test 
against  the  fall  of  a  gas  holder.  By  regulating  tlie  valve  1 
shown  on  Fig.  1，  the  outflow  of  t^as  was  controlled  until  the 
gay  holder  2  remained  approximately  stationary,  when  the 


Fig.       Gknkral  Aruangemknt  of  Humi^hhey  Pumping  Plant  at 
Chingfokd  Keskrvoxb. 


quantity  passing  through  the  meter  was  equal  to  the  gas  made 
by  the  producer.  Starting  with  the  holder  full,  the  producer 
was  suddenly  cut  out,  and  then  the  time  taken  for  the  holder 
io  fall  was  noted,  and  simultaneous  readings  of  the  gas  meter 
were  taken. 

During  the  producer  test  the  total  quantity  of  gas  jikkIp 
was  determined  from  the  difference  between  the  initial  and 
iiiial  readings  of  the  gas  meter  corrected  according  to  thv 
calilM'ation  by  the  gas  holder.  The  height  of  the  gas  holder 
was  measured  at  the  beginning  and  end  of  each  test,  and  an 
allowance  made  for  the  gas  stored  or  discharged  by  the  holder 
during  the  test.  Each  half-hour  the  calorific  value  of  the  gas 
was  measured  by  a  Junker  calorimeter,  and  simultaneous 
analyses  of  the  gas  were  made  by  absorption  gas  analysis 
apparatus. 

The  gas  l-esnlts  liave  been  reduced  to  a  standard  tempera- 
ture of  60°  F.，  and  a  standard  pressure  of  30°  mercury.  The 
gas  meter  was  rather  limited  in  capacity,  and  in  order  to 


enable  it  to  pass  the  full  amount  of  gas  iiom  one  of  the  large 
producers  it  was  necessary  to  weight  the  holder.  This  would 
have  the  effect  of  increasing  the  back  pressure  on  the  gas 
plant,  but  from  1  he  results  it  would  appear  that  this  did  not 
n^i kf1  very  muc!i  (fillcrence.  A  siummimi  v  tlie  results  of  the 
gas  producer  tests  is  given  in  Table 丄. The  fuel  used  under 
the  boilers  was  estimated  during  each  test.  Ordinary  good- 
quality  anthracite  was  used  in  the  producers,  the  calorific 
value  of  which  was  given  as  14,600  B.T.U.  per  pound. 

rum p  Tfsts, ― As  in  the  case  of  the  producers,  each  pump 
was  tested  for  a  period  of  six  hours,  but  owing  to  the  neces- 
sity for  making  both  gas  measurements  and  water  measure- 
ments intermittently,  six  complete  tests  were  made  during  tlie 
six  hours,  the  average  of  these  being  taken  for  the  oflicial 
figure.  The  time  occupied  by  each  sliort  test  was  about  10  to 
15  minutes,  but  excepting  once  or  twice  when  there  was 
shortage  of  water  the  j>unij)s  worked  continuously  over  the 
test  period. 

(Jz/ft/tf  if  //  o  f  11'〃〃  /'  jit  f/.  —( )n  reference  to  Fig.  1  it 

will  l)e  seen  that  the  channel  from  which  the  water  Hows  ( o 
tlie  |)iunps  is  straight  I'or  a  considerable  lengtli.  Tliis  channel 
is  also  of  uniform  cross-section,  and,  therefore,  floats  could 
In*  used  to  ascertain  tlie  rneati  velocity  of  water  in  the  rliHimrl. 
Each  float  comprised  two  copper  balls  connected  by  a  piece 
"「  （haiii  (Fig.  3),  the  lower  ball  being  filled  with  water  so 
that  when  in  tlie  stream  t  he  lighter  ball  would  be  practically 
submerged,  a  small  part  only  projecting  above  the  surface. 
The  bottom  ball  would  hang  at  a  distance  from  tlie  surtacc 
tli'|n'nding  u])on  the  length  of  the  chain.  This  length  was 
altered  according  to  the  dej)th  of  tlie  stream  on  tlie  differ*' nl 
days  on  which  the  tests  were  made  so  that  the  lower  kill 
should  be  about  4in.  from  the  lu)tl()m  of  the  channel.  A 
mniiher  of  these  floats  were  connected  together  by  a  wood 
hith  as  shown  in  Fig.  4，  the  wood  lath  being  attached  to  the 
chains  at  equal  distances  from  tlie  top  and  bottom  balls.  In 
tlie  case  of  pump  No.  5  only  three  floats  were  connected 
together  in  this  way,  whilst  in  the  case  of  the  four  large 
pumps,  Nos.  1，  2，  3，  aud、  4，  five  floats  were  used,  10ft.  apart. 
An  ； ittenipt  way  made  with  floats  not  connected  together  with 
a  wood  lath,  but  the  results  were  not  so  uniform,  whereas 
when  the  floats  were  connected  the  results  were  quite  con- 
sistent. 

A  distance  was  measured  off  along  the  chniniel,  and  cords 
stretched  across  at  right  angles  with  tlie  stream.  The  con- 
nected floats  were  then  released  ； it  ； i  poi ill  ； ihout  Gft.  or  7ft. 
ncfirer  the  River  Lee  tlian  the  first-  siring  (hi,  Fig.  1，  and 
( lie  time  was  noted  when  the  centre  ball  passed  this  string, 
； hmI  a^ain  noted  when  the  centre  ball  passed  the  second  string, 
/'- 厶， Fig.  1 .  During  the  passage  of  the  floats  from  <f-a  to  b-hy  a n y 
( I  ii'lf'iicy  for  the  floiits  to  approacli  nearer  to  tlie  one  side  of 
the  stream  than  the  ot  her  was  checked  by  a  gentle  pull 
normal  with  the  stream,  but  in  such  a  】namier  as  not  to 
interfere  with  the  motion  clown  the  stream.  In  nearly  all 
cases  it  was  found  that  the  velocity  on  the  left-hand  side  of 
the  stream  whs  slightly  greater  tlian  that  on  the  riglit-hand 
side,  but  by  taking  the  reading  from  the  centre  ball  no  error 
arises  on  this  account.  During  most  of  the  tests  it  was  pos- 
sible to  obtain  two  water  readings.  Tlie  total  time  taken  l>y 
these  readings  corresponded  almost  exactly  with  the  time 
taken  to  make  one  gas  reading,  i.e.,  to  measure  the  fall  of  the 
ga>  holder  from  the  top  to  the  bottom  position. 

Mcftxurr nt (nt  of  Lift. —— The  height  to  wliich  the  water  waa 
] hi  in  ped  was  vei'v  com-oniently  measured  by  means  of  a  mer- 
cury gauge.  Fig.  2  shows  diagrammatically  (lie  apparatus, 
wlii eh  consists  merely  of  a  U  tube ,  the  top  of  oue 】imb  being 
connecteci  to  the  water  tower,  and  the  top  of  the  other  limit 
being  led  down  into  tlu.'  \vatf;r  in  the  suction  pit.  Effective 
means  were  used  to  ensure  that  all  air  was  expelled  from  the 
U  tube  and  pipe  con  nections,  and  a  scale  was  prep;ir("— 1 
divided   into  principal  divisions,  so  that  each  division  was 

equal  to  ~~ ？ ~-  ft.,  .、'  being  the   specific   gravity  of  mercury. 

-、' 一  1  k'  ^ 

By  uieasu ring  (lie  dili't'ience  in  the  level  of  the  mercury  in 
the  two  limbs  in  terins  of  the  principal  divisions  as  units,  the 
reading  gave  the  difference  in  level  between  the  water  level 
in  t  lie  pump  pit  and  the  water  level  in  the  tower  in  feet  of 
water.    During  the  working  of  the  pump,  fluctuations  of  level 
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occur  both  in  the  pump  pit  and  in  the  water  tower,  but  l>y 
partially  closing  the  small  pinch-cock  at 厶， Fig.  2,  the  oscilla- 
tions of  the  mercury  were  so  damped  out  that  the  reading 
then  gave  the  true  average  head. 

Gas  Measurematt. ― The  exact  cross-section  area  of  the  gas 
holder  was  previously  determined,  and  the  volume  for  a  given 
rise  or  fall  was  thus  known.  While  a  pump  under  test  was  work- 


^9  W-tt/ 


Fig.  2. 


-Gauge  for  RIeasuiiing  Lift  of  Pumi1. 


Fig.  3.— Float. 


Fig.  4.— Section  of  Intake  showing  Arrangement  of  Floats  fob  Measuring 
Quantity  of  "Water  Delivered  by  Pumps. 

ing  steadily  the  time  taken  for  the  holder  to  fall  a  definite 
distance  was  observed,  and  the  rate  of  gas  consumption  thus 
ascertained.  During  each  test  the  pump  was  supplied  solely 
frcm  the  holder.  In  some  cases  intermediate  time  readings 
were  also  taken.  Generally,  as  already  observed,  it  was  pos- 
sible to  obtain  two  water  velocity  readings,  whilst  the  holder 
was  falling  during  each  of  the  short  tests,  and  the  first  read- 
ing taken  on  the  gas  holder  was  approximately  the  time  at 
which  the  floats  started  their  first  run  over  the  measured 
distance,  whilst  the  last  gas-holder  reading  was  taken  at 
approximately  the  time  at  which  the  floats  finished  their 
second  run.  The  temperature,  pressure,  and  calorific  value 
of  the  gas  were  measured  for  each  holder  full  of  gas.  The 
same  Junker  calorimeter  and  also  the  same  gas  analysis 
absorption  apparatus  were  employed  for  this  purpose  as  were 
used  in  the  gas-producer  tests. 

In  addition  to  the  figures  required  for  the  fuel-consump- 
tion tests,  various  other  readings  were  made,  such  as  the 
number  of  explosions  per  minute,  the  mean  water  level  in  the 
pump  pits,  the  setting  of  the  ignition,  and  the  adjustment 
of  the  gas  valves.  Also  indicator  diagrams  were  taken  to 
record  the  explosion  pressures  and  the  cushion  pressures  dur- 
ing the  respective  tests.  A  summary  of  the  results  of  the 
pump  tests  is  given  in  Table  II. ，  while  a  typical  indicator 
diagram  is  shown  on  Fig.  「).  It  is  to  be  noted  that  the 
indicator  drum  was  turned  l>v  hand .  Tlic  horizontal  scale  has 
therefore  no  meanini;  and  tlu、  diagram  is  inteiuled  siniplv  to 
show  the  pressure  attained. 

For  the  Chief  Engineer  and  mi  hehall'  kA  the  Metropolitan 
Water  Board,  the  tests  were  carried  out  l>y  ：  M r.  Deverell, 
M.Inst.C.E.,  resident  engineer  at  Chingforcl  :  Mr.  Wliiimerah, 
engineer-in-charge  ；  Mr.  Warburton,  chief  chemist  ，  Tot  ten- 
ham  Gasworks  ；  Mr.  Trembarth,  assistant  resident  engineer  ； 
Mr.  Gardiner,  assistant  chemist  ；  Mr.  Deverell,  jun.,  assistant 
engineer.  On  behalf  of  Messrs.  Dowson  k  Mason  Gas  Plant 


Company,  Ltd.,  Mr.  White,  London  manager,  and  M  r.  Webb, 
assistant,  attended  and  watohed  the  trials.  On  behalf  of  tli<- 
Pump  and  Power  Company,  Ltd.,  Mr.  W.  J.  RumIc]], 
A.C.G.I.,  technical  manager  of  the  company  ；  Mr.  E.  A. 
Nicholls,  B.Sc,  assistant  engineer  ；  Mr.  II.  S.  Caq>enter, 
A. M  I  M  E.,  assistant  engineer  ；  Mr.  B.  C.  Carter,  A.K  ( 、 
assistant  engineer,  took  a  complete  set  of  observations  and 
measurements  independently  of  the  Water  Board's  official 
representatives. 

For  the  determination  of  the  calorific  value  of  the  gas  a 
Junker  calorimeter  was  used  by  the  Metropolitan  \Vat**r 
Board,  whilst  the  Pump  and  Power  Company  first  obtained 
the  gas  analysis  by  means  of  an  absorption  apparatus,  and 
then  calculated  the  heat  value.  Both  determinations  are 
therefore  included.  Otherwise  the  two  sets  of  readings  agreed 
so  well  together  that  only  those  taken  by  the  Metropolitan 
Water  Board's  representatives  have  been  given  in  this 
report. 

Table  I. — S u m  m a nj  a f  R e -、' uU .、' . 

Pvoduvcr    Tests    of    II  uw  phreij    I*  urn  ptiuj    /V〃〃/，  Kim/ 
George  Y.  Keservoir,  Chuigforrl f  June,  10 Li. 


1 

2 

3 

4 

June  9 

June  5 

June  2 

June  10 

Anthracite  used  during  test ~ lbs. . . 
Anthracite  used  per  hour ― lbs  

(> 

2,031 
338-5 

6 

2,024 
337-3 

寸 
一 

Temperature  of  gas  °  C  

Pressure  of  gas ― inches  mercury     . . 
Gas  made  at  60°  Fah.  and  30"  Hg.— 

( ias  made  per  lb.  coal 一 cub.  ft  

CJas  made  per  hour ― cub.  ft  

Average  calorific  value  B.T.U.  per 
cub.  ft.: 

17- 1 

30-35 

1G«,389 
81-9 
27,732 

157-9 
147-4 

t  、； O  OS 

2  x  圍— 
―  一— 

O  <M       寸 i  O 寸           卜 O 

一'  一— 

― r:     ^  »            寸 ao 

— n    52 卜二      o  2 

Average  analysis  of  gas  per 
cent,  by  volume. 

5-7 

0-  2 
24-3 
19-5 

1-  8 
48-5 

00  ITS  W  CC  卜 

Average  boiler  press ― lbs.  /sq.  in. . . 
\\Teiglxt  of  coke  used  in  boiler ― lbs. . . 

54-7 
303 

55-7 
279 

50-5 
319 

54-7 
88 

Remarks. ~ The  average  of  these  test  results  shows  that  Jib. '  f  anth racitc 
yields  82- 1  cub.  ft.  of  gas  at  a  temperature  of  00°  Fah.  and  a  prcssun- 
30in.  of  mercury,  at  an  average  calorific  lower  value  c>f  14fi  :i  B.T.U.  per 
cub.  ft.,  that  is,  lib.  of  anthracite  converted  into  gas  yields  12,01 1  B.T.U. 


Fig.  5— Test  No.  4,  June  -2'2nd,  1913.   Pump  No.  3.  Spring 
Table  II. — Tests  of  H it mphrti/  I'nm pimj  I'huit ,  K i 
George  厂. Reservoir y  ( 'hinyfonl . 
Sum  mar  tf   of   Jiesulfs   of   I>um  p  Tests. 


1 

2 

3 

4 

5 

Number  of  Tests  

6 

(i 

(5 

(i 

0 

Average  duration  of  tests ― 

9-27 

8- 

8-37 

！) -07 

100 

30-01 

30- 

30- 06 

32  (i 

i。 

Water  pumped ― ( ； a  lis. 

32,1 

7：! 

3^047 

18.110 

P.H.P.  LK>vrl<»|H-<l   

300- 

301- 1 

ItitiO 

<«as  used  per  ininutt-  at  (io 

Fah.  and  30''  mercury. 

cub.  ft  : . 

395-4 

393- 

391-5 

400- 1 

191-6 

( 'ali»rifn-  ( lnw cr)  valm-  ot  l': 卜 

:。 
一. 

1 15- 7 

llti- 

142-2 

138-1 

Avt'mge  thermal  elVu  ieiu  v. 

22-30 

22- 

10 

22-33 

24  07 

Anthracite  used  per  P.H.P. 

•  940 

957 

■949 

•881 

•790 
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THE  PREPARATION  OF  ENGINEERING  REPORTS, 

BY  EDWAKD  B.  STEPHENSON. 

An  essential  part  of  the  work  of  an  engineer  consists  in 
making  a  formal  report  on  some  project,  under  consideration. 
This  ma v  l>c  u 1 1 1  y  a  sliort  record  in  a  notebook  ()r  it  may  be  a 
rejK)rt  on  a  technical  investigation  oi'  some  gi  eat  |>roject .  In 
any  case  it  must  incliule  a  rertaiu  anunmt-  ol'  (lata  witli  de- 
yrrij)tion,  and  the  availability  of  t  his  i information  depends  In  a 
large  extent  on  the  manner  and  form  in  which  it  is  presented. 
Now  skill  iti  \v ritin*;  a  report  is  no  more  an  inherent  faculty 
than  is  skill  in  integrating  a  differential  eq  u  at  ion.  It  is  an 
acquired  art.  Too  many  reports  are  like  a  low-grade  ore,  the 
amount  of  valuable  material  finally  obtained  does  not  pay  for 
the  labour  necessary  to  extract  it.  Viewed  solely  h'om  i  lie- 
efficieiK  v  standpoint  it  pays  to  have1  tlie  writer  put  consider- 
able time  and  study  on  the  com  posit  ion  of  his  leport.  It  is 
it 、； ill v  quite  morally  reprehensible1  for  a  con&ervaiioniyt,  such 
as  every  engineer  should  be,  io  waste  t  he  reader  s  t  ime  when 
more  care  and  attention  on  the'  part  of  tlie  writer  would  have 
made  such  waste  unnecessary.  Ta  determine  what  this  better 
ioi'in  is  l'ctiuii^s  ； i  ierlniical  k uowleiige  of  t'li"  subject  of  com- 
position  and  also  a  niastery  ui'  Hie  suhjcct  nuii  1  cr  ； i ml  [Hart ht 
in  actually  i)re&entiiig  it. 

The  rlia racter  of  an  engineei'iDg  report  inuyt,  in  ^tMiera I ( 
be  determined  by  a  coiisii.leral iuii  o t"  1  he  })eLsons  to  、vliom  the 
report  is  to  be  made.  The  business  man  wlio  consults  an 
engineer  in  regard  to  some  project  desires  an  authoritative 
o])inion  on  a  technical  matt&r  which  only  an  expert  can  under- 
stand .  The  detailed  facts  and  tlie  method  of  reasoning  by 
which  the  conclusions  are  reached  are  of  niiuor  i"i，）ortam?. 
A  report  to  him  must  be  in  reasonably  noii-teclinical  language 
with  yurli  facts  and  arguinenls  as  will  appeal  to-  liis  coninioii 
-i.'iisr  and  general  type  of  luind .  To  say  that  a  p'l'petiial- 
motion  川 adiiiip  is  impossible  because  it  would  violate  1 1 w 
second  law  of  thermodynainics  is  a  perfectly  satisfactory  state- 
ment to  a  physicist,  but  it  would  hardly  appeal  to  the  man  on 
the  street.  On  the  other  hand,  when  a  chief  engineer  requests 
a  report  from  an  assist  ant ,  li&  wants  carefully  prepared  and 
analysed  data  and  is  fundamentally  interested  in  the  methods 
of  investigation  and  detailed  facts  obtained,  for  on  these  he 
wishes  to  form  his  own  expert  opinion. 

What  then  are  the  essential  qualities  of  an  engineering 
report  ？  First,  it  should  consist  of  a  large  proportion  of 
experimental  facts.  Second,  these  facts  should  be  carefully 
analysed  and  conveniently  presented.  Third,  there  should  be 
more  or  less  elaborate-  discussion  of  the  theory  involved  in  the 
work  and  of  the  conclusions  to  be  drawn  from  the  facts  pre- 
sented .  Fourth,  the  style  of  composition  should  be  direct  and 
forceful  with  no  attempt  at  fine  writing.  Glittering  gene- 
ralities should  be  eliminated  as  prima  facie  evidence  of  a  lack 
of  exact  knowledge  and  each  sentence  should  be  carefully 
inspected  i'or  superfluous  words. 

The  introduction  to  a  report  should  contain  a  concise  state- 
n  k1  n  1  of  the  object  of  the'  investigation,  with  any  necessary 
explanation  of  the  reason  for  undertaking  it,  and  witli  some 
reference  to  previous  work  in  the'  same  line  or  any  special 
conditions  that  may  exist .  The  reader  should  be  able  to 
decide  from  the  introduction  whether  or  not  Tie  cares  to  read 
the  whole  article  or  book . 

Nearly  every  report  requires  a  certain  amount  of  descrip- 
tive matter ― description  of  apparatus,  object  tested  or  work 
constructed ― and  the  dominant  idea  should  be  to  give  the 
reader  as  comprehensive  a  grasp  of  the  subject  as  possible  in 
the  easiest  and  quickest  way.  The  present  tendency  is  away 
from  long  pages  of  written  description  and  toward  a  greater 
use  of  diagrammatic  drawings,  free- hand  sketches,  and  photo- 
graphs. A  diagrammatic  drawing  of  good  proportion  and 
freely  lettered  is  generally  better  than  a  page  of  description. 
It  is  useful  for  a  comprehensive  view  of  the  whole  and  at  the 
same  time  permits  a  close  study  of  any  particular  point  with- 
out having  to  go  through  the  whole  description. 

Tlie  written  part  of  the  description  is  simplified  by  refe- 
rences to  the  drawings  and  photographs,  and  detailed  dimen- 
sions, &c.，  should  generally  be  given  on  the  drawings  and  not 
written  out  unless  some  legal  requirement  makes  it  necessary. 
Tlie  description  should  follow  some  definite  order,  possibly  tliat 
in  which  the  apparatus  functions  or  in  which  the  work  was 

*  Abstrac-t  frmn  "The  QuarWrl>  Journal  of  the  University  of  Nortli  Dakota," 
October,  1913. 


constructed,  and  in  it  such  technical  terms  as  will  be-  used 
later  should  be  defined. 

The  experimental  method  by  which  a  theoretical  point  is 
to  be  tested  is  always  more  or  less  inde]>eiident  of  the  tlieorv, 
and  this  should  be  kept  in  mind  when  writing  the  report. 
In  using  methods  or  theory  that  are  not  strictly  original  tlie 
writer  should  give  full  reference  to  the  original  sources,  unless 
t lie  intoi'inal  ion  is  comrrion  kimwk、（lgf'.  1 1'  t  lie  in  vesti^al  ion 
covers  a  nuniber  of  difTerent  lines  it  is  advisable  to  separate 
1  Ix'in  under  distinct  headings  for  clearness  of  presentation. 
It  also  frequently  happens  that  a  reader  is  interested  in  only 
one  phase  of  the  subject  and  this  separation  enables  him  to 
follow  that  pliase'  in  detail  without  having  to  read  t lie 
whole  I'epoi't. 

Krom  the  scivntilir  point,  ol'  view  tlie  original  da  I  a  are  l»v 
far  the  most  v;ilual)Ie  and  should  always  be  carefully  preserved, 
but  for  a  formal  report  t  he  limitations  of  time  and  space  fre- 
quent])' necessitate  some  generalisation  or  derived  results. 
The  presentation  of  data  in  their  most  available  form  is  a 
]>ro))leiii  woi'tliy  oi'  very  liai'd  study.  The  plotting  of  da"*  in 
tlie  form  oi'  cu rves  is  a  very  conunou  mot  lu'd  to  t  luk  s<'ieiitist , 
but  m  itoii4echuical  wiiting  it  seen  is  In  Ik*  almost  unknown . 
( 'oiisiderablc  experience  lias  shown,  too,  that  it  takes  a  vc;u' :、 
iiard  drilling  to  teacli  t  lu-  average  so;)lioi»iore  to  plot  liis  data 
intelli^entl  v  with  h  proper  choice  of  co-unlinaU'  scale  and  wil  li 
some  regard  for  the  usual  conventions.  The  curve  is  also 
useful  as  a  hichjis  of  averaging  data,  as  ； ni  indication  of  tli" 
accuracy  of  readings,  as  a  suggestion  of  the  general  1  a \v 
"rm'('riiiiig  the  relation  of  the  variable's,  and  i'or  calling  alten- 
tiun  to  particular  points  I  hat  may  require  closer  investigation, 
but  its  most  iiiiporlant  function  is  to  give  at  one  glance  1  In* 
wliole  course-  of  the  related  plienoinena,  thus  reducing  the 
written  description  to'  connnent  on  the  most  interesting 
features. 

Anotlier  point  which  sliauld  always  be  cave  reel  in  an 
engineering  report  is  the  accuracy  with  wliicli  ihe  expe ri - 
】neiital  work  is  done.  Accuracy  is  purely  a  relative  matter, 
and  tin1'  engineer  must  learn  to  judge  how  accurately  his  work 
should  be  done.  In  levelling  for  the  foundation  of  a  shed  a 
few  inches  off  level  would  not  be  a  serious  matter,  but  in 
s&tting  a  large  telescope,  one  hundredth  of  an  inch  variation 
might  be  inadmissible.  Work  should  therefore  be  done  with 
an  accuracy  that  is  determined  by  th©  conditions  or  object  of 
tlie  work.  Tliere  are  certain  standards  and  conventions  that 
should  be  understood  in  this  connection.  In  writing  a  number 
there'  is  a  well-established  convention  that  as  many,  but  no 
more,  significant  figures  should  be  given  t  han  tlxe  writer  claims 
the  accuracy  of  his  data  warrants.  Thus  writing  the  radius 
of  a  circle  as  10  cm.  means  that  10  is  the  nearest  whole  number 
and  that  the  exact  value  may  lie'  between  9*6  cm.  and  10'4  cm. 
If,  however,  the'  number  is  given  as  10*0  the  second  ci]>lier 
has  the  meaning  that  the'  measurement  was  made  to  tenths 
of  a  centimetre  and  lies  between  9"96  cm.  and  10  04  cm. 
There  is  a  possible  error  in  the  first  case  of  5  per  cent.,  and 
in  the  second  case  of  0'5  per  cent.  Th©  location  of  the 
decimal  point  is  merely  an  indication  of  the  units  used  and 
not  of  the  percentage  accuracy.  Thus  the  numbers  of 
12'3  cm.,  123  mm.，  0.000123  km.  all  have  the  same  number  of 
significant  figures  and  the  same  p&rcentage  accuracy,  although 
the:  last  one  is  carried  to  six  places  of  decimals.  In  physical 
measurements  we  must  discard  the  mathematical  idea  of 
absolute  accuracy  and  lea-ni  that  any  measurement  is  only  an 
approximation,  that  it  takes  careful  work  to  get  four  signi- 
ficant figures,  and  tliat  six  or  seven  figures  are  obtained  only 
in  a  standardisation  laboratory.  The  ciphers  before  a  number 
serve1  only  to  locate  ilie  decimal  point  and  are  not  significant 
figures,  but  cipliers  after  the  number  are  significant  aucl 
indicate  its  accuracy. 

Another  important  point  is,  that  as  a  cliain  is  no  stronger 
than  its  wea'ke'st'  link,  so  a  calculated  result  is  no  better  than 
the  last  accurate  factor  or  term  in  the  calculation.  For 
instance,  in  calculating  the  circumference  of  a  circle  whose 
radius  is  measured  as  10  cm.  it  is  quite'  absurd  to  use 
7T  =  31416，  because  the  possible  5  per  cent,  error  iu  the 
measurement  of  tlie  radius,  as  shown  above,  is  so  large  that 
7T  =  3+  or  7r  =  3*1  is  as  accurate  as  the  measurement  of  the 
radius.  A  large  per  cent,  of  the  labour  of  numerical 
calculation  is  absolutely  wasted  because  of  this  lack  of  a  proper 
knowledge  of  when  to  drop  the  figures  that  have  no  signifi- 
cance, and  tlie  appearance  of  accuracy  that  the  retention  of 
all  tlie  figures  gives  is  misleading. 
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The  conclusions  should  be  grouped  under  a  few  main  points 
and  should  be  as  brief  and  clear  cut  as  is  consistent  witli 
accuracy.  In  case  of  a  long  report  it  may  be  advisable 
l>riefly  to  summarise'  the  evidence  on  which  each  conclusion  is 
basoil ,  wit  h  page  references  to  the  details. 


WATER  SOFTENING  AND  PURIFICATION, 

BY  II.  J.  UE  q.  LEN^KSTIiY,  F.C.S. 

In  ； i  general  way,  all  water  is  impure.  Cliernically  pure  water 
is  composed  of  two  gases,  namely,  oxygen  and  hydrogen, 
united  to^ellier  in  the  proportion  of  two  j>ai  t s  by  volume  of 
hyd rogen  to  one  j>art  by  volume  of  oxygen ,  or  one  part  by 
weight  of  hyd rogen  to  eiglit  parts  by  weight  of  oxygen.  Tin* 
(irst  source  of  all  natural  water  is  the  sea.  By  heat  tlie  water 
of  the  ocean  is  subjected  to  continual  evaporation ,  l-ciuleriii^ 
( ho  air  niore  or  less  humid.  Hence  the  atmosphere  contains 
a(|U(v>us  vapour,  hut  in  quaiitities  varying  greatly,  according 
lo  a  rmiditimi  of  the  atmosphere  known  as  its  hygrometric 
state.  The  hygrometric  condition  is  the  ratio  between  the 
pressure  of  water  vapour  and  the  temperature  of  the  atmo- 
ypliere.  The  air  can  contain  only  a  certain  definite  quantity 
of  moisture  or  of  water  vapour  at  a  given  temperature  and 
prcssu re.  The  humidity  of  the  atmosphere  i»  therefore 
limited,  and  when  that  limit'  is  reached  the  air  is  said  to  be 
saturated.  When  this  point  is  reached,  the  surplus  is  con- 
(lensi'd  and  falls  back  on  the  earth  in  the  form  of  rain  to 
undergo  anew  the  process  of  evaporation. 

Rain  wate r  is  the  purest  form  of  water  met  with  in  nature, 
though  rain  water  is  never  pure,  for  in  passage  through  the 
atmosphere  it  dissolves  gases  of  atmospheric  origin,  and  the 
amount  of  such  gases  held  in  solution  depends  on  the  composi- 
tion of  the  air  through  which  the  rain  falls.  Among  the 
^ases  found  in  solution  in  rain  water  are  oxygen ,  nitrogen, 
and  carbonic  acid.  The  organic  matter  which  is  also  found  in 
the  air  is  carried  down  by  rain,  and  the  quantity  of  this 
organic  matter  is  greater  in  the  vicinity  of  industrial  centres. 
The  presence  of  this  organic  matter  makes  it  extremely  diffi- 
cult to  preserve  rain  water,  because  of  the  objectionable  trans- 
formation such  matter  undergoes.  As  the  result  such  water 
may  be  rendered  unfit  for  domestic  purposes,  and  injurious 
even  in  industrial  operations.  Charged  thus  with  the  con- 
stituents of  the  atmosphere,  the  water  falls  on  to  the  rock  of 
the  earth's  crust,  where  its  chemical  action,  exerted  on  the 
different  bodies  of  which  that  envelope  is  composed,  is  the 
cause  of  various  phenomena  of  transformation  and  disintegra- 
tion .  It  is  owing  to  the  presence  of  these  gases,  and  more 
<'s|K'ri;illy  to  the  further  supply  of  carbonic  acid  which  it 
takes  u]>  in  its  passage  over  the  earth's  crust,  that  the  water 
is  able  to  penetrate  the  rocks  and  exercise  its  powers  of 
dcst  l  uction  and  cle^'omposition  of  even  the  hardest  of  them. 
Tins  carbonic  acid  is  produced  by  the  decomposition  of  organic 
matter,  as  shown  by  Boussingault,  or  is  the  effect  of  the  oxida- 
tion of  combustible  matter,  or  by  the  action  of  acids  on  lime- 
stone rock.  The  different  substances  in  solution  which  have 
this  destructive  power  on  rock  are  likewise  the  cause  of  corro- 
sion in  steam  boilers  and  of  iron  generally. 

It  is  easy  to  understand  that  if  water  is  capable  of  such 
vigorous  action  in  nature,  it  must  necessarily  display  similar 
energy  in  industrial  uses,  and  even  be  able  to  get  the  better 
of  substances  endowed  with  a  maximum  of  resisting  power. 
Charged  with  oxygen  and  carbonic  acid  and  organic  matter, 
in  its  action  on  the  rocks,  water  can  convert  anhydrous  bodies 
into  hydrates,  dissolve  mineral  matter,  produce  carbonates, 
and  separate  the  metals  from  the  substances  combined  with 
them.  We  are  all  accustomed  to  divide  waters  into  two 
classes — soft  waters,  containing  relatively  very  small  quanti- 
ties of  the  salts  of  lime  and  magnesia  in  solution ,  and  hard 
waters  containing  relatively  large  quantities  of  these  salts  in 
solution.  Dr.  Frankland  states  that  as  a  rule  the  following 
formations  give  soft  waters  : — 

Igneous.  Coal  measures  (non-calcareous). 

Metamorphic.  Lower  greensand. 

Cambrian.  London  and  Oxford  clay. 

Silurian  (non-calcareous) .        Bagshot  sands. 
Devonian  (non-calcareous).      Non-calcareous  gravel. 
Millstone  grit. 

*  Abstract  of  Lecture  delivered  before  the  Nottingham  Engineorin^  Society. 


( )n  the  otlier  hand 
ably  yield  hard  water 

Silurian  (calcareous). 
Devonian  (calcareouHj. 
Moiuitain  lirncston*-. 
Coal  measures  (calrarcou^ ). 
New  red  sandstone. 


( li*'  lollowing  fr>rrnati 


lniost  invari - 


Congloinerate  (Haiidst/jiic). 

Lias. 

Oolites. 

「|>p('r  Greo  s;m(lst' 川' •• 
Chalk. 


In  addition  to  the  geological  character  of  the  laiul,  a  m'" 
j)otent  factor  in  the  production  of  lianl  "'； it々rs，  ； ■  nd  "； if'-i 
unsuitable  for  boiler  and  other  ]>ur|)oscs,  is  (he  pollut ion  of 
streams  and  canals  by  the  various  works  situated  on  their 
banks.  Not  infrequently,  substances  more  ohjeotmiiahl'- 
than  mere  scale  formers  are  allowed  to  mix  with  the  water 
traversing  a  manufacturing  district. 

We  will  now  proceed  to  investigate  the  action  o I'  tlie  rain 
from  the  time  it  falls  on  the  earth's  crust.  Owing  \o  the 
porous  nature  of  the  rocks  which  form  the  earth's  crust,  and 
to  tjie  cracks  and  faults  occurring  in  thern,  tlie  water  falling 
on  the  sur face  of  the  earth  is  able  to  penetrate  into  the  gromi'J. 
This  water,  charged  with  carbonic  acid  gas  and  oxygen,  has  a 
powerful  disintegrating  action  on  tlie  material  of  tlie  rocks, 
some  of  the  constituents  of  wliich  are  chemically  attaciied  aurl 
carried  away  in  solution.  In  this  way  the  hardest  rocks  ； in' 
worn  away.  By  reason  of  the  principle,  by  virtue  of  wliich 
water  always  seeks  the  lowest  level,  these  waters  in  tlieir  pas- 
sage into  the  depths  of  the  earth  absorb  more  and  more  <•；)  i 
bonic  acid  gas  from  the  abundant  supply  afforded  by  organic 
matter.  The  water  being  thus  strengthened  by  tliis  fresh 
supply  of  carbonic  acid  gas,  the  j)henomena  of  clieinicH  I 
activity  becomes  more  and  more  marked.  As  a  consw"""'" 
of  tlie  phenomena  of  oxidation,  carbonation  and  decomposi- 
tion produced  by  the  excess  of  carbonic  ； iciti,  tlie  water  loses 
more  and  more  of  these  gases,  especially  the  carbonic  acid, 
which  dissolves  the  limestone  rocks  with  the  greatest  ease . 
Having  reached  an  impervious  bed,  the  passage  of  the  water 
downwards  into  the  earth  is  arrested,  and  it,  here  collects  and 
forms  subterranean  pools.  These  subterranean  pools  arc  M>m(' 
times  of  very  great  capacity,  and  the  water  eventually 
emerges  again  in  the  form  of  a  spring,  liv  sinking  a  sha it  in 
the  ground  to  the  water  line  a  well  is  formed.  If  the  spot  at 
which  the  shaft  is  sunk  is  at  a  level  considerably  lower  tlian 
the  highest  point  of  the  water  containing  stratum,  the  water 
spurts  out  as  an  artesian  well. 

The  composition  of  a  well  or  spring  water  varies  according 
to  the  strata  through  which  the  water  has  percolated.  Ordi- 
nary well-water  frequently  contains  a  considerable  quantity  of 
the  carbonates  and  sulphates  of  calcium  and  magnesium  which 
renders  it  unsuitable  for  industrial  and  domestic  purposes. 
In  the  case  of  shallow  wells  the  water  often  gives  off  a  marked 
odour  of  sulphuretted  hydrogen,  arising  from  the  formation 
of  sulphides  by  the  reduction  of  calcium  sulphate  in  incsemc 
of  organic  matter  in  the  water.  When  the  organic  matter 
has  become  nitrogenised  it  is  liable  to  be  transformed,  under 
the  influence  of  certain  ferments,  into  compounds  of  nitro- 
gen, such  as  nitrites,  nitrates,  and  ammonia.  After  issuing 
from  the  earth  in  the  form  of  springs  the  water  uow  pursues 
its  way  over  the  surface  of  the  earth,  and  carries  off,  by  tlie 
mechanical  action  of  its  current,  the  material  of  which  the  sur- 
face is  composed.  The  streamlets  then  formed  combine  and 
develop  into  brooks,  and  these  in  turn  swell  into  rivers,  which 
eventually  run  into  the  sea,  sweeping  with  them  all  the  matter 
collected  in  their  course. 

Water  which  takes  up  carbonic  acid  so  readily  will  often 
just  as  readily  release  it.  In  nature  the  liberation  of  the 
carbonic  acid  is  brought  about  by  the  action  of  the  wat«r  on 
other  rocks,  or  is  brought  about  by  the  action  of  marine 
organisms,  and  the  final  outcome  is  the  deposit  of  carbonate 
of  lime  or  magnesia.  Thus  in  the  steam  boiler,  on  boiling, 
the  water  releases  the  carbonic  acid,  and  calcium  carbonate  is 
deposited  in  the  form  of  scale.  Calcium  sulphate  enters  into 
the  composition  of  water  from  the  solvent  action  of  the  latter 
in  gypsious  beds,  and  its  frequence  is  experienced  by  the  wide 
distribution  of  this  kind  of  strata.  The  greater  the  quantity 
of  calcium  sulphate  in  solution  the  more  unsuitable  is  the 
water  for  industrial  and  domestic  purposes.  Sulphate  water- 
do  not  liberate  calcium  and  magnesium  sulphate  when  coin- 
ing into  contact  with  the  air,  but  have  to  undergo  speoial 
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treatment  in  order  to  free  them   from   these  objectionable 

salts. 

After  certain  special  phenomena  of  oxidation  have  taken 
place  in  the  rocks  beneath  the  surface,  the  pyrites  or  sulphides 
are  converted  by  means  of  oxygen  into  sulphate  of  iron  ： ― 
2  FeS  +  2H2O  +  90  =  2H2S04  +  Fe,0;{ 

This  oxidation  of  pyrites  which  takes  place  in  the  presence 
of  water  charged  with  air  eventually  results  in  the  production 
of  basic  ferric  sulphate,  which  precipitates  on  the  adjacent 
rocks  normal  ferric  sulphate  and  free  sulphuric  acid,  which 
the  water  carries  off  in  solution. 

6  FeS,H,O  +  270  =  (Fe203)2  S03  +  Fe"S04)3  +  2H2  SO, 
Having  endeavoured  to  show  the  means  by  which  the  most 
commonly  found  salts  find  their  way  into  water,  I  shall  now 
proceed  to  consider  the  effects  which  various  salts  found  in 
wat&r  have  in  industrial  processes.  The  salts  which  produce 
hardness  in  water  are  the  following  ~ 

Carbonates  of  lime  and  magnesia. 

Sulphates  of  lime  and  magnesia. 

Chlorides  of  lime  and  magnesia. 

Nitrates  of  lime  and  magnesia. 

The  hardness  of  water  is  generally  considered  under  two 
heads,  namely,  temporary  and  permanent.  The  temporary 
hardness  is  that  due  to  the  carbonates  of  lime  and  magnesia, 
which  are  held  in  solution  by  carbonic  acid,  and  which  are 
thrown  out  of  solution  on  boiling  the  water.  The  permanent 
hardness  is  due  to  the  sulphates,  chlorides,  and  nitrates  of 
calcium  and  magnesia,  and  these  salts  are  not  deposited 
when  the  wat»r  is  boiled  under  ordinary  atmospheric  pres- 
sure. The  solubility  of  calcium  and  magnesium  carbonate  is 
chiefly  due  to  the  presence  of  carbonic  acid,  and  these  salts 
are  present  in  water  in  the  form  of  bicarbonates.  Calcium 
carbonate  is  soluble  only  ix>  the  extent  of  about  1  h 
grains  per  gallon  in  water  free  from  carbonic  acid, 
but  magnesium  carbonate  is  more  soluble,  being  soluble 
to'  the  extent  of  seven  grains  per  gallon.  It  will 
thus  be  seen  that  when  a  water  containing  the  car- 
bonates of  lime  and  magnesia  is  used  for  boiler  purpo&es 
without  previous  treatment,  practically  the  whole  of  these 
salts  are  deposited  inside  the  boiler  in  the  form  of  scale. 
When  present  by  itself  calcium  carbonate  does  not  tend  to 
form  much  scale  in  a  boiler  of  the  Lancashire  type,  but 
deposits  in  the  form  of  mud.  In  a  water-tube  boiler,  how- 
ever, it  very  soon  completely  blocks  up  the  tubes,  and  it  will 
form  a  very  hard  scale  in  economise rs.  Calcium  sulphate  is 
very  soluble  in  water,  its  maximum  solubility  being  tlie  tem- 
perature of  95°  Fah.,  when  it  is  soluble  to  the  extent  of  177.8 
grains  per  gallon.  The  solubility  gradually  increases  up  to 
this  point,  and  then  gradually  decreases,  and  at  a  tempera- 
ture of  464°  Fah.,  corresponding  to  a  pressure  of  484 lbs.  per 
b(juare  inch,  it  is  soluble  only  to  the  extent  of  12*6  grains  per 
gallon.  This  table  will  show  the  solubility  of  calcium  sulphate 
corresponding  to  different  temperatures  and  pressures  : —— 

Steam  Pressure.  Solubility  of  Co.S04 

Temp.  F.  lb.  per  sq.  inch.  in  grains  per  gallon. 

32*    ―    143-5 

40*    ―    ― 

59-    ―    ― 

68"    ―    168*7 

95'    ―    177-8 

111;      ― 

158'      170-8 

212*    0    151*0 

284-    37  ......  54*6 

323*6    79    39  2 

256*    131    18  9 

464-    484    12  6 

Calcium  sulphate  gives  endless  trouble  when  present  in  feed 
water  of  a  boiler  working  at  a  high  pressure.  Calcium  sul- 
phate is  deposited  on  the  boiler  plates  and  forms  a  scale  of  a 
crystalline  natu re  as  hard  as  flint,  which  can  only  be  removed 
by  chipping,  which  does  damage  to  the  boiler  plates.  More- 
over, calcium  sulphate  is  an  exceedingly  bad  conductor  of 
heat，  and  a  scale  formed  of  calcium  sulphate  will  cause  the 
boiler  plates  to  become  very  much  overheated,  thus  resulting 
in  severe  strains  and  shortening  of  the  life  of  the  boiler, 


Rankine  gives  this  table  of  resistance  to  passage  of  heat  of 
various  substances  ： ― 

Per  cent. 


Wrought  iron    1 

Copper   3*4 

Slate    9  5 

Brick    16-7 

Calcium  carbonate    17  0 

Calcium  sulphate    410 


It  will  thus  be  readily  seen  that  a  scale  formed  by  a  water 
containing  salts  of  lime  in  solution  will  not  only  cause  serious 
overheating  of  the  boiler  plates,  but  will  also  be  responsible 
for  the  wastage  of  fuel. 

Magnesium  sulphate  and  the  chlorides  and  nitrates  of  lime 
and  magnesia,  owing  to  their  very  great  solubility,  do  not  of 
themselves  form  scale,  but  by  double  decomposition  taking 
place  between  the  magnesium  salts  and  calcium  carbonate 
present  in  the  water,  magnesia  enters  very  largely  into  the 
composition  of  scales,  as  will  be  readily  seen  from  the  follow- 
ing analyses  ： ― 

Analysis  of  a  Well  Water. 

(East  London) 
Grs.  per  gall. 


Calcium  carbonate    30  00 

Magnesium  carbonate    3  02 

Magnesium  sulphate    6'00 

Magnesium  chloride    17*95 

Sodium  chloride   132'10 

Silica    0*73 

Oxide  of  iron    0*93 


19073 

Scale  For/ft nl  from  Above. 

Per  cent. 

Calcium  carbonate    22*29 

Calcium  sulphate    22'98 

Magnesium  hydrate    46*29 

Silica,  &c   2  98 

Oxide  of  iron,  &c   3.83 

Organic  or  volatile  matter    2  05 


100*42 

Analysis  of  }Yater  from  South  Wales. 

Grs.  per  gall. 

Calcium  carbonate    4*50 

Calcium  sulphate    3'91 

Magnesium  sulphate    5  25 

Sodium  sulphate    1'84 

Sodium  chloride    2'06 

Silica   0'33 

Oxide  of  iron    0*23 


1812 

Scale  Form  ed  from  Same. 

Per  cent. 

Calcium  sulphate    51*58 

Magnesium  sulphate    1'05 

Magnesium  hydrate    35.25 

Silica,  &c   6  43 

Oxide  of  iron,  &c   1*35 

Grease    2  60 

Other  volatile  or  organic  matter    1*64 


99*90 

In  both  cases,  the  large  proportion  of  magnesium  hydrate 
in  the  scales  will  be  noticed,  and  in  the  first  case  the  appear- 
ance of  a  large  amount  of  calcium  sulphate,  thougli  the  water 
contained  none.  In  the  second  place,  the  most  striking  point 
is  the  disappearance  of  calcium  carbonate  from  the  scale,  in 
spit©  of  the  considerable  proportion  found  in  the  water. 
Although  magnesium  sulphate,  chloride,  and  nitrate  do  not 
themselves  form  scale,  yet  their  presence  in  boiler  feed  water 
may  lead  to  very  much  more  serious  results  than  the  mere 
formation  of  scale.  By  concentrating  a  solution  of  magne- 
sium chloride  colourless  needles  or  extremely  deliquescent 
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ortliorlioinbic  crystals  arc  obtained,  of  the  formula  M^CTJ  I 
GH20. 

On  heating  these  crystals  of  hyd rated  nia^nesiuin  chlori 小' 
to  106°  C.  dissociation  into  hydrochloric  acid   t;ik"s  place 
MgC12  +  H20  =  MgO  +  2  HC1 . 

This  dissociation  of  magnesium  chloride  into  liydrodilor"' 
acid  is  attended  with  injurious  consequences  in  industrial 
operations,  a  striking  instance  being  the  corrosion  of  steam 
boilers.  Water  containing  magnesium  chloride  in  solution 
produces  corrosion  more  or  less  extensively  according  to  the 
quantity  of  that  salt  present.  The  fact  that  magnesium 
chloride  is  absent  in  the  feed  water  does  not  ensure  immunitv 
from  this  danger  in  the  boiler,  as  magnesium  chloride  may  be 
produced,  as  the  result  of  double  decomposition,  if  jiia^nesium 
sulphate  is  in  the  presence  of  other  chlorides  in  water.  Mag- 
nesium nitrate  is  also  decomposed  at  high  pressure'  particularly 
in  contact  with  iron,  nitric  acid  being  liberated,  and  this,  of 
course,  causes  very  serious  corrosion  in  the  boiler. 

Sodium  chloride  and  sodium  sulphate  are  salts  which  are 
found  in  most  natural  waters,  but  unless  the  concentration  is 
allowed  to  become  high,  no  trouble  is  experienced  with  these 
salts  in  water,  as  they  are  very  stable  and  are  also  very  soluble 
in  water. 

There  remains  two  classes  of  water  to  be  considered  before 
I  pass  on  to  the  various  remedies  in  use  for  the  prevention  of 
scale,  namely,  acid  waters,  and  waters  that  owe  their  alkali- 
nity to  the  carbonate  of  soda.  Most  waters,  owing  to  the 
presence  of  calcium  carbonate  and  magnesium  carbonate,  are 
alkaline,  and  it  is  usual  to  express  the  alkalinity  in  terms  of 
so  many  grains  per  gallon  of  calcium  carbonate.  When, 
however,  the  gathering  ground  of  a  natural  water  consists  of 
the  primary  rocks,  contiguous  to  a  large  industrial  centre,  an 
acid  water  not  infrequently  results.  These  waters,  owing  to 
the  insoluble  character  of  the  primary  rocks,  are  invariably 
very  soft,  the  lime  salts  dissolved  being  insufficient  to 
neutralise  the  small  amount  of  acid  absorbed  from  the 
atmosphere,  due  to  chemical  works  and  the  combustion  of 
sulphurous  coal.  Such  a  water  would  prove  highly  corrosive 
if  used  in  a  boiler  without  the  neutralisation  of  the  small 
amount  of  free  acid.  Water  in  moorland  districts,  although 
at  times  it  is  neutral,  is  liable  to  become  distinctly  acid. 
These  waters  are  not  only  dangerous  to  use  for  boiler  purposes, 
but  are  exceedingly  dangerous  to  the  public  health  owing  to 
the  property  of  such  waters  to  dissolve  lead.  Moist  peat  is 
invariably  acid  •  Peat  which  has  dried  rapidly  develops 
acidity  when  again  moistened.  The  acids  which  are  charac- 
teristically present  are  humic  and  crenic,  and  they  are  by-pro- 
ducts of  the  vitality  of  certain  bacilli.  Dr.  Houston  found 
that  during  dry  weather ― markedly  after  some  continuance 
of  droughti— moorland  waters  show  no  acidity  and  lose  their 
lead-dissolving  potency.  On  the  other  hand,  a  downfall  of 
rain  soaks  through  the  beds  of  acid-laden  peat,  and  descends 
to  the  water  courses  in  quantity,  making  the  general  supply 
acid  and  plumbo-solvent.  It  follows  from  this  that  the 
greatest  attention  should  be  paid  to  moorland  supplies  in  wet 
weather.  The  experiments  carried  out  under  Dr.  Houston's 
direction  with  the  Shipley  water  supply  during  two  years  fol- 
lowing February,  1894，  are  of  great  interest.  The  reservoir 
water  was  always  acid,  and  the  amount  of  lead  dissolved  in  a 
given  time  by  a  measured  quantity  of  it  was  found  to  be 
directly  proportional  to  the  degree  of  acidity.  The  solvent 
action  was  pronounced,  for  about  two  grains  of  lead  could  be 
taken  up  per  gallon  during  three  minutes'  contact  with  lead- 
shot.  The  quantity  dissolved  in  this  way  varied  from  time  to 
time,  always  keeping  pace  with  the  acidity  and  ranging  from 
1-4  grains  per  gallon. 

The  power  of  moist  peat  to  confer  plumbo-solvency  upon 
distilled  water  and  consequently  on  rain  water  is  remarkable, 
for  if  a  grain  weight  of  peat  is  submerged  in  water  it  is  capable 
of  rendering  20  times  its  own  weight  of  the  water  decidedly 
plumbo-solvent.  By  suitably  devised  experiments,  Dr.  Hous- 
ton proved  that  with  alternate  drying  and  submerging,  peat 
might  confer  dangerous  acidity  on  200  times  its  own  weight  of 
water. 

Waters  pumped  from  mines,  owing  to  long  contact  witli 
sulphurous  coal,  are  frequently  of  an  acid  nature,  and  most 
corrosive  in  their  action  on  the  plates  of  a  boiler.  Alkaline 


waters,  owning  their  alkalinity  to  carbonate  of  soda,  are  occa- 
sionally met  with  as  natu ral  waters,  and  are  very  obje<  t  u>n  - 


able  for  use  tor  boiler  purposes.  The  following  is  an  anal、、is 
of  such  u  water  from  an  artesian  well  ： ― 

Grs.  per  gall. 

Carbonate  of  lime    11'5 

Carbonate  of  magnesia    7*8 

Sodium  chloride    6*4 

Sodium  nitrate    0*2 

Sodium  sulphate    4  8 

Sodium  carbonate    8*3 


390 

This  water  attacked  the  fittings  of  the  boilers  and  cai 卜'" I 
excessive  priming. 

A  concentrated  solution  of  carbonate  of  soda  rapidl v 
attacks  boiler  fittings.  The  small  amount  of  copper  dissolved 
from  the  latter  in  contact  with  the  iron  plates  is  in  its  turn 
precipitated,  an  equivalent  quantity  of  iron  passing  into  solu- 
tion. With  concentrated  alkaline  waters  a  series  of  reactions 
may  thus  be  set  up,  which  will  rapidly  produce  pitting  tlu' 
plates. 

Another  very  serious  impurity  sometimes  found  in  boiler 
feed  water  is  oil  and  grease.  Oil  is  frequently  introduced  into 
feed  water  by  using  exhaust  steam  for  heating  the  feed  by 
bringing  the  exhaust  into  direct  contact  with  the  water.  Oil 
is  frequently  introduced  into  the  boiler  also  by  the  use  of  、m 
face  condenser  or  jet  condenser  water.  Oil  is  sometimr^  pit- 
sent  in  astonishing  quantities,  and  is  a  most  fruitful  source  of 
trouble.  On  passing  into  the  boiler  the  oil  floats  as  scum  <m 
the  surface  of  the  water,  gradually  becoming  entan^lt-d  \\  it  li 
particles  of  carbonate  of  lime  and  sulphate  of  lime  which  are 
continually  separating  from  the  water.  When  the  scum 
attains  the  same  specific  gravity  as  the  water,  it  is  circulated 
by  the  boiler  currents  until  it  meets  with  some  surface  to 
which  it  fastens,  forming  an  incrustation  on  the  flue  or  shell 
of  the  boiler.  The  deposit  thus  formed  is  an  effective  non- 
conductor of  heat  and  a  most  frequent  cause  of  overheating 
and  consequent  collapse  of  the  boiler.  It  is  stated  on  the 
authority  of  the  highest  engineering  officials  of  the  British 
Navy  that  even  when  only  a  minute  proportion  of  oil  or  grease 
is  present  in  the  feed  water,  a  decided  falling  off  of  the 
evaporative  efficiency  of  the  boilers  is  noticed,  distinctly  trace- 
able to  this  cause.  The  effects  of  oil  have  sometimes  been 
very  rapidly  and  unexpectedly  manifested,  as  in  the  following 
actual  case.  A  new  steamer  had  undergone  several  steam 
trials,  during  which  the  arrangements  for  removing  oil  from 
the  feed  water,  although  duly  provided,  had  been  neglected 
and  not  brought  into  service,  a  neglect  the  consequences  of 
which  were  aggravated  by  the  very  large  amount  of  lubri- 
cant always  requisite  with  perfectly  new  engines.  The  oil 
therefore  passed  freely  into  the  boilers  and  accumulated  there 
in  considerable  quantity.  During  the  periods  of  rest  bet wmi 
the  different  trials  it  rose  to  the  surface  of  the  water,  and 
formed  a  layer,  the  presence  of  which  was  unsuspected.  Before 
the  final  trial  it  was  decided  to  empty  the  boilers  and  refill 
them  with  fresh  water.  This  was  accordingly  done,  the  water 
was  run  off,  and  consequently  the  oil  came  into  contact  with 
all  the  internal  surfaces  and  coated  them  thickly.  When  the 
boilers  were  re-filled ，  the  greasy  coating  adhered  to  and 
remained  upon  the  surfaces.  The  result  was  a  sudden  inter- 
ruption of  the  final  trial.  The  steamer  returned  to  the  deck 
with  eight  collapsed  furnaces,  and  the  cause  became  clearly 
evident  during  the  investigation  which  followed. 

(To  be  continued.) 


Martell  Scholarship. —  The  secretary  oi  the  Institution  oi' 
Naval  Architects  announces  that  applications  for  a  Martell 
Scholarship  in  Naval  Architecture,  1914，  must  be  sent  m 
before  February  1st  next.  The  scholarship,  which  is  of  the 
annual  value  of  £100  and  is  tenable  for  three  years,  is  won 
by  competition,  and  candidates  must  be  between  tlie  ages  of 
18  and  21  years,  and  have  been  continuously  employed  on 
naval  architecture  for  two  years.  Further  particulars  can 
be  obtained  from  the  Secretary,  5，  Adelphi  Terrace,  E.C. 
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NICLAUSSE  MARINE  WATER-TUBE  BOILERS. 

The  French  Admiralty  have,  says  "  The  Times"  Engineering 
Supplement,  placed  an  order  witli  Messrs.  J.  &  A.  Niclausse, 
cf  Paris,  for  21  boilers  aggregating  36,000  h.p.  for  Hie  n('w 
'j:),000-toii  Dreadnought  "Beam"  now  being  laid  down. 
Arcording  to  our  contemporary,  these  boilers  will  be  of  a  type 
specially  designed  to  givei  high  capacity  in  relation  to  weight 
and  space  occupied,  and  capable  of  exceptionally  high  rates  of 
combustion  when  fired  with  coal,  briquettes,  or  oil.  They  will 
删 ho(lv  an  improved  arrangement  of  feed  distribution  whereby 
the  feed  to  tli©  lower  tubes  exposed  to  the  most  intense*  heat 
of  the  furnace  is  purified  and  brought  to  boiler  steam  tempe- 
ratui-e  by  being  previously  passed  through  tlie  upper  tubis, 
where  the  temperature  is  insufficient  to  produce  hard  scale 
atul  deposit  is  consequently  harmless.  In  addition,  a  new 
form  of  eroimmiser  is  placed  above  the  evaporating  system, 


2  40m~ 


Niclausse  Mabink  Watkr  ttjbk  Boiler. 

the  height  of  which  is  sliglitly  reduced.  It  consists  of  780 
40  mm.  tubes  arranged  in  15  horizontal  elements  each  forming 
a  U.  Each  element  consists  of  a  single  1  leader  at  the  back 
a] id  two  headers  at  the  front,  one  for  tlve  entrance  and  the 
otlier  for  the  exit  of  the'  water,  which  flows  into  the  header  at 
the  point  corresponding  exactly  to  the  exit  of  the  combustion 
gases  and  leaves  at  the  point  corresponding  to  their  entrance. 
The  elements  are  joined  at  the  front  by  connecting  pipes  so'  as 
to  ensure  circulation  in  the  reverse  direction  to  the  combustion 
gases.  The  evaporating  tubes,  456  in  number,  have  an  outside 
diameter  of  60  mm.,  the  lower  ones  being  4  mm.  and  the  upper 
2^  mm.  in  thickness,  and  their  heating  surface  is  equivalent 
to  173*63  sq.  m.,  that  of  the  economiser  being  119'22  sq.  m. 
In  a  16-hour  trial  of  one  of  these  boilers  burning  continuously 
461bs.  of  coal  per  square  foot  of  grate  area  the  evaporation 
from  and  at  212°  Pah.  was  ll'91bs.  of  water  per  pound  of  coal, 
and  burning  oil  at  the  rate  of  281bs.  per  square  foot  of  grate 
area  the  evaporation  was  161bs.  of  water  per  pound  of  oil. 


DIELECTRIC  STRENGTH  OF  THIN  INSULATING  MATERIALS. 

In  a  paper  on  the  above  subject  recently  presented  before  tlie 
American  Institute  of  Electrical  Engineers,  Mr.  F，  M. 
Farmer  gave  the  results  of  a  series  of  tests  made  at  the  Elec- 
trical Testing  Laboratories,  New  York  City,  to  determine  the 
effect  of  electrode  area  on  the  apparent  dielectric  strength  of 
thin  insulating  sheets.  At  the  present  time,  there  were,  he 
said,  no  standard  specifications  for  testing  sucli  materials  and 
there  was  great  divergence  as  to  the  size  of  the  electrodes 
between  which  the  sample  was  placed  in  the  test.  Some  con- 
tended that  a  large  electrode  area  more  readily  gave  the 
minimum  dielectric  strength  and  that  very  small  electrodes 
produced  an  abnormal  concentration  of  dielectric  stress.  Each 
of  the  tests  was  made,  with  two  similar,  flat,  circular  electrodes 


ranging  in  diameter  from  0*039  cm.  to  38  cm.  and  placed 
directly  opposite  each  other.  Tlie  materials  tested  were 
vai  iiished  cambric  and  thin  sheet  hard  rubber  in  relatively  dry 
air  and  moist  air  ；  varnished  cambric  in  dry  and  wet  oil  ； 
transformer  oil  with  various  spacings  ；  air  as  a  dielectric. 
No  attempt  was  mad©  to  get  refined  quantitative  results,  but 
rather  qualitative  results.  So  many  variables  entered  into 
the  work  that  a  high  degree  of  reliability  could  not  be 
expected.  Although  the  results  given  in  the  paper  were 
averages  of  a  great  many  determinations,  considerable  allow- 
ance must  be  made  in  drawing  final  conclusions.  So  far  as 
the  original  purpose  of  the  tests  was  concerned,  the  following 
conclusions  were  drawn  from  the  results.  The  apparent 
dielectric  strength  of  insulating  materials  in  thin  sliest  form 
was  materially  higher  with  small  electrodes  than  with  large 
ones.  This  probably  applied  generally  to  all  dielectrics, 
gaseous,  liquid,  and  solid,  although  the  amount  of  the  varia- 
tion differed  widely  with  different  materials.  The  variation 
with  ordinary  sheet  insulating  materials,  such  as  paper  and 
(•loth,  might  be  40  or  50  per  cent,  between  ^xTin.  and  8in.  or 
lOin.  diam.,  while  with  oil  under  the  same  conditions  the 
variation  was  over  1,000  per  cent.  The  prevalent  opinion  was 
that  the  electrostatic  stress  was  concentrated  when  the 
dielectric  was  between  sharp  points  and  that  failure  would 
occur  at  a  low  value.  This  appeared  to  be  the  case  when  t  he 
points  were  very  sharp,  such  as  needle  points,  but  as  soon  as 
tliey  had  an  appreciable  area,  the  puncture  value  was  mucli 
liigher  tlian  with  large  electrodes.  The  tests  emphasized  a 
need  which  had  been  frequently  pointed  out,  viz.,  standard 
specifications  for  the  testing  of  insulating  materials,  especially 
wlien  in  the  form  of  tliin  sheets.  It  did  not  seem  probal)le 
that'  tlie  dielectric  strength  of  an  insulating  material  xuidor  all 
working  conditions  could  ever  be  predicted  witli  exactness,  but. 
we  could  at  least  liave  standard  lnetliods  of  rating  such 
materials  so  that  a  value  (or  the  dielectric  si  rength  would  liave 
the  same  significance  to'  tlie'  mannfaoturer,  tlie  purchaser,  ami 
f  lic  designing  engineer. 


SAFEGUARDING  BELTS,  SHAFTS,  AND  PULLEYS. 

The  following  recommendations  have  been  issued  l>y  1  lie 
Inland  Steel  Company  witli  a  view  to  prevent  accidents 
arising  from  contact  with  moving  belts,  shafts,  or  pulleys. 

(1)  Belt,  rope,  and  cable  transmission  should  be  arranged, 
so  fai*  as  possible,  to  he  easily  guarded.  (2)  Pipe  or  angle 
railing  placed  18in.  from  tlie  pulley  or  belt  sliould  be  provided 
where  there  is  little  danger  of  persons  getting  caught  hy  tho 
belt.  (3)  Wire-rnesh  or  perforated-plate  casing  sliould  be  pro- 
vided where  the  location  of  the  belt  is  such  that  persons  are 
lialtle  to  get  caught  between  the'  belt  and  the  pulley. 
(4)  Where  the  belt  is  located  in  such  a  position  that,  should  it 
break,  flying  ends  will  strike  persons  passing  by  the  belt,  it 
should  be  enclosed  by  a  suitable  guard.  (5)  The  width  of  a 
belt  should  be  allowed  between  two'  pulleys  or  a  pulley  and 
a  hanger  on  shafting  so  as  to'  prevent  the  belt  from  becoming 
wedged  and  possibly  pulling  down  the  line  shafting.  (6)  Belt, 
splicing  should  be  made  so  as  to  eliminate  ragged  edges  or  pro- 
jections which  might  catch  employes'  clothing.  Endless  belts 
are    recommended,    especially    for    high-speed  machines. 

(7)  Belts  should  be  inspected  frequently  and  kept  in  a  con- 
dition to  avoid  accidents.      Tight  belts  should  be  avoided . 

(8)  Wherever  it  is  necessary  to  shift  belts  a  mechanical  device 
should  be  provided.  (9)  Where  it  is  necessary  to  unship  a 
belt,  a  hook  or  belt-perch  should  be  provided  to  prevent  the 
belt  from  resting  on  the  shaft.  (10)  Shafting  not  over  12in. 
above  floor  should  bo  covered.  (11)  Shafting  over  12in.  and 
not  over  7ft.  above  floor  should  b©  encased  or  railed  off. 
(12)  Exposed  ends  of  shafting  should  be  encased  or  otherwise 
guarded.  (13)  Overhead  shafting  which  must  be  oiled  should 
be  equipped  with  a  walk  for  the  oiler,  if  practicable. 
(14)  Eleotrically-driven  shafting  should  be  provided  with  a 
safety  switch,  to  be  used  when  men  are  working  on  it.  This 
switch  should  be  placed  at  the  top  of  the  ladder  or  in  some 
place  where  no  one  will  tamper  with  it.  (15)  Shaft  couplings 
should  be  guarded  wliere  safety  coupling  is  not  used.  (16)  To 
prevent  gears  or  pulleys  from  working  off  the  ends  of  shafting, 
shaft  ends  should  project  at  least  the  diameter  of  the  shaft 
beyond  the  hub  of  the  gear  or  pulley,  so  that  the  key  can  be 
locked  in  place.  (17)  Hangers  for  shafting  should  be  particu- 
larly strong  and  wel】  secured.    (18)  All  projecting  keys  in 
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shafting  when  exposed  so  that  a  person  might  get  caught 
thereon,  should  he  guarded  or  cut  off.  (19)  Wherever  possible, 
cotter  pins  or  spring  washers  should  be  provided  to  prevent 
nuts  from  working  off  the  ends  of  bolts.  (20)  Set  screws  should 
be  guarded,  countersunk,  or  placed  in  safety  collar  with 
flanges  high  enough  so  that  1  lie  set  screw  head  will  not  j)roje<*t 
above  the  flange.  (21)  Because  of  the  dangers  incident  to 
hoisting  material  by  means  of  line  shafting,  no  hoisting 
sliould  be  done  in  this  mamier.  All  hoisting  should  l)e  done 
eit.her  with  haiul  tackle  and  block,  or  with  re^u lar  hoist  inir 
macliinery. 


DRIVING  MECHANISM  OF  PLANING  MACHINES. 

An  arrangement,  of  driving  itierliaiiisni  for  planing  and 
similar   niarhines,  requiring   ； i    reciprocating    or  reversing 


Oliver  Hill, 


motion,  the  invention  of  Mr.  T.  B 
Hoisfortli,  near  Leeds,  is  shown 
in  the  accompanying  cuts. 
Fig.  1  is  a  part-sectional  end 
elevation,  Fig.  2  a  side  eleva- 
tion, and  Fig.  3  a  part-sec- 
tional plan.  The  table  of  the 
machine  is  reciprocated  througli 
t  he  medium  of  a  rack,  worm , 
and  driving  shaft  in  the  ordi- 
nary way.  The  periodic  revers- 
ing mot  ion  to  be  imparted  to 
t  ho  shaft  A  is  effected  through 
a  driving  and  reversing  meclianism  comprising  two  differen- 
tial gears  B,  C，  respectively,  carried  within  heavy  flywheels 
D,  E，  revolul>ly  mounted  in  fixed  brackets.  The  sun  wheels 
F，  G  of  the  gear  are  respectively  keyed  to  a  short  sliaft  II 
and  to  a  transmission  sliaft  J,  the  shaft'  II  l>eing  provided 
with  a  brake  drum  K.  The  sun  wheels  M，  N  of  tlie  gear  C 
are  similarly  keyed  respectively  to  a  sliort  sliaft  < )  and  to  the 
transmission  sliaft  J,  the  sliaft  O  being  provided  with  a  brake 
drum  P.  The  planetary  wheels  of  the  two  gears  B,  C  are 
respectively  mounted  on  transverse  shafts  Q,  R,  carried  by 
tho  flywheels  D，  E，  which  latter  are  continuously  driven  in 
opposite  directions  by  open  and  crossed  1>elts.  Tlie  motion  of 
the  tr  ans mission  shai t  J  is  imparted  to  the  worm  shaff  A 
througli  the  medium  of  a  l)evel  pinion  and  bevel  wheel.  The 
brake  driuns  K,  1)  are  each  fitted  witli  brake  bands,  eacli  of 
which  is  coupled  l)y  a  link  to  one  of  a  ]>air  of  oppositely 
situated  amis  S  fixed  on  a  rock  shaft  T.  This  shaft  is 
periodically  rocked  tlirough  the  medium  of  tappets  U，  V， 
adjustably  fixed  to  the  reciprocatory  table,  and  respectively 
adapted  to  engage  oppositely  situated  projections  X,  Y  of  a 
swivelling  boss  W  pivoted  to  the  framing,  wliich  l>oss  is 
formed  with  a  cam-way  engaging  a  runner  of  a  crank  arm 
Z  fixed  to  the  shaft  T.  This  rocking  of  this  shaft  causes  the 
oppositely  situated  arras  S  thereon  to  alternately  tighten  and 
release  the  )>rake  Immls  on  their  brake  drums  K,  P. 

rn  action,  the  heavy  flywheels  D，  E  are  continuously 
driven  in  opposite  directions  through  the  medium  of  their 
belts,  and  their  motion  is  transmitted  through  their  respec- 
tive differeiitial  gears  B,  C  to  the  short  shafts  H，  O,  which 
latter  are  thereby  caused  to  revolve  idly  in  opposite  direc- 
tions until  the  swivelling  boss  W  is  turned  on  its  pivot  so  as 
to  rock  the  shaft  T  and  cause  one  of  the  arms  S  to  tighten, 
say,  the  brake  band  upon  the  drum  K，  and  hold  the  short 
shaft  H  and  the  sun  wheel  F  stationary.  The  differential 
gear  B  now  has  the  effect  of  transmitting  the  motion  of  the 
flywheel  D  to  the  transmission  shaft  J  and  its  bevel  pinion, 
thus  causing  the  shaft  A  through  its  bevel  wheel  to  be 
revolved  in  one  direction  and  to  traverse  the  table  to  the  left 
until  the  tappet  V  engages  the  projection  Y  on  the  swivelling 
boss  W,  wlien  tlie  cam-way  of  the  latter  actuates  the  crank 
Z  and  turns  the  shaft  T  in  its  brackets,  so  as  to  rock  the 
oppositely  situated  arms  S  simultaneously,  and  cause  the 
brake  band  to  be  released  from  the  drum  K，  and  at  the  same 
time  to  tighten  the  other  brake  band  upon  the  drum  P.  This 
action  frees  the  short  shaft  H  of  the  gear  B，  which  now 
revolves  idly,  while  the  sliort  shaft  O  of  the  gear  C  is  held 
stationary,  thus  transmitting  the  motion  of  the  flywheel  E  to 
the  transmission  shaft  ，T，  and  thence  by  way  of  the  bevel 


pinion  and  wheel  to  the  worm  shaft  A,  which  is  thus  caused 
to  revolve  in  the  opposite  direction  and  traverse  the  table 
to  the  right.  On  the  table  being  traversed  sufficiently  to 
bring  the  tapper  U  into  engagement  with  the  projection  X 
on  the  swivelling  boss  W  the  direction  of  motion  is  again 
reversed,  and  thus  the  reversing  of  the  drive  is  autornati*  all v 
performed.  It  will  be  seen  that  the  release  of  the  brake  at 
tlie  end  of  each  stroke  enables  its  drum  to  rotate,  and  so 
removes  tlie  thrust  from  the  table  without  interfering  with 
the  motion  of  the  flywheel  and  its  gear  connected  with  th?it 
brake,  whilst  the  momentum  of  the  other  flywheel  and  it" 
gear  acting  again.st  tlie  momentum  of  the  table  rapiHIv 
reverses  the  motion  of  the  latter.  By  driving  the  flywheels 
D,  E  at  different  speeds,  the  mechanism  can  he  arranged  to 
traverse  the  table  at  a  greater  speed  in  one  direct  ion  than 
in  the  other. 


Fig.  2. 


Fifi.  3.— Driving  Mf.chanism  of  Pi.anixo  ]U."'m、n 

THE  DANGER  OF  EMPLOYING  BOY  SWITCH  OPERATORS. 

An  inquest  was  lield  at  Foleshill,  on  the  1st  inst.  on  an  assistant 
electrician  at  Exhall  Colliery,  who  was  killed  in  the  mine  on  Dec. 
22nd.  The  cable  main  in  the  mine  was  being  repaired,  and 
deceased  was  at  work  upon  it.  Tlie  cm  rent  was  turned  on, 
and  deceased  received  a  fatal  shock.  In  tlie  course  of  the 
evidence  a  boy  stated  that  he  was  told  not  to  put  the  current 
on  until  it  was  rung  for ― the  signal  being  followed  by  20. 
He  heard  some  ringing,  and  then  20,  and  then  witness  turned 
on  the  current.  He  admitted  that  he  forgot  he  ought  to  liave 
received  the  signal  9，  as  well  as  20,  and  did  not  know  that 
anything  was  wrong  tor  two  or  three  minutes,  wlien  he  got  a 
signal  to  turn  the  current  off.  The  Coroner  said  it  was 
evident  some  new  and  safer  method  of  signalling  in  mines  was 
necessary  than  obtained  in  this  case,  and  he  invited  the 
management  to  devise  measures  of  precaution.  The  jury 
returned  a  verdict  of  "  Accidental  death/'  and  expressed  the 
opinion  that  the  boys  were  not  properly  instructed  in  their 
duties  and  were  not  proper  persons  to  leave  in  charge  of  such 
an  important  switch.  They  recorded  that  instructions  should 
be  given  to  electricians  that  the  handle  should  be  taken  out  of 
the  switch  in  all  cases  where  repairs  were  taking  place. 


Firedamp  Ignited  by  Electric  Sparks. ― A  party  of  expert 
electrical  and  mining  engineers,  headed  by  Mr.  Nelson,  the 
Home  Office  electrical  inspector,  recently  carried  out  an 
experiment  at  the  rescue  station  at  the  New  Tredegar  Colliery. 
South  Wales,  by  which  it  was  proved  beyond  question  that 
coal  gas  or  firedamp  may  be  ignited  by  sparks  from  the  electric 
signalling  cables  used  underground.  In  view  of  the 
Sengenhvdd  explosion  and  the  enquiry  relative  tliereto  t lui 
result  is  regarded  as  extremely  important. 
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REPRACTORIES  IN  THE  IRON  AND  STEEL  INDUSTRY,* 

BY   HARRY   W.  CROFT. 

The  word  refractories  is  taken  to'  mean  the  materials  used  to 
resist  the  action  of  heat,  slags,  and  gases  continuously  at  work 
upon  the  lining  of  practically  every  furnace  engaged  in  metal- 
lurgical operations.  The  briefest  consideration  shows  their 
importance,  when  we  recall  that  the  blastfurnace  and  the  hob 
blast  stove  are  merely  huge  stacks  of  firebrick  enclosed  in  steel 
shells.  The  open  hearth  is  a  structure  of  various  refractories 
properly  stayed.  In  such  furnaces  the  refractories  form  the 
laboratories  where  heat,  slags,  and  gases  may  effect  their 
transformations. 

In  considering  refractories  we  divide'  them  into  three 
classes  ：  (1)  Fireclay  brick.  (2)  Silica  brick.  (3)  Basic,  or 
magnesite  and  chrome  brick.  Fireclays  are'  es&entially 
silicates  of  alumina,  varying  widely  in  their  proportions  of 
silica  and  alumina  and  in  the  content  of  impurities,  such  as 
lime,  iron,  magnesia,  and  alkalies.  Tliey  are  formed  by  the 
disintegration  and  decomposition  of  feldspathic  rocks.  In  a 
general  way  we  divide  all  clays  geologically  into  two  classes, 
those  that  occur  in  the  coal  measures  and  those  of  other 
measures.  We  again  separate  coal  measure  clays  into  two 
classes  :  the  flint  vein,  and  all  the  other  clays  occurring  higher 
in  the  coal  measures,  known  as  Upper  Vein  Clays.  The  latter 
may  be  considered  as  solely  plastic  clay.  As  th&  iron  and 
steel  industry  requires  a  large  percentage  of  high-grade  fire- 
brick, and  since  the  majority  of  these  bricks  are  made  of  the 
coal  measure  flint  and  plastic  clays,  we  will  in  discussing  manu- 
facture confine  ourselves  to  these  two  clays.  Various  mixtures 
are  used,  ranging  from  about  90  per  cent,  of  flint  and  10  per 
cent,  of  plastic  in  the  most  refractory  brick,  to  a  brick  of  the 
least  refractoriness,  made  entirely  of  the  plastic  clay. 

The  clays  mined  and  properly  selected  are  broken  into 
small  lumps,  mixed  in  suitable  proportions,  and  ground  in  the 
wet  pan  to  the  proper  degree  of  fineness.  The  mass  is  then 
moulded  into  shape,  tempered  on  a  hot  floor,  repressed, 
thoroughly  dried  and  burned  at  a  temperature  of  2,600°  to 
23650°  Fah.  This  is  the  old  hand-made  process.  This  brick  is 
open,  porous,  and  well  adapted  to  withstand  sudden  changes  of 
temperature.  Many  departures  from  this  process  have  been 
tried  and  various  machines  employed  in  the  different  stages  of 
manufacture.  In  many  cases  there  has  been  a  speedy  return 
to  the  hand-made  process,  while  in  others  a  better  brick  has 
been  developed  for  certain  uses.  In  the  high-grade  brick,  the 
most  noticeable^  development  in  the  machine-made  product  is 
in  the  manufacture  of  blastfurnace  brick  on  a  steam  or  other 
powerful  press.  The  machine-made^  brick  is  denser  by  7  to 
8  per  cent,  than  the  hand-made  one.  Most  cheaper  grades  of 
brick  are  made  by  machinery. 

As  to  the  uses  and  development  of  fireclay  brick,  we  will 
consider  definite  examples,  such  as  the  blastfurnace,  open- 
hearth  furnace,  &c.，  the  conditions  to'  which  the  brick  are 
subjected,  and  how  far  these  materials  answer  reasonable 
demands.  For  a  blastfurnace  lining  three  kinds  of  brick  are 
made.  For  the  hearth  and  bosh  a  brick  of  maximum  refrac- 
toriness and  one  capable  of  resisting  the  action  of  the  fu&ed 
or  semi-fused  furnace  contents  ；  for  the'  inwall  a  brick  to 
stand  high  heats  and  abrasion  ；  and  for  the  top  a  dense  and 
tough  brick  to  withstand  the  wear  of  the  stock  and  resist  the 
action  of  the  gases.  The  introduction  of  the  water-cooled 
furnace,  with  its  lining  of  12in.  or  less,  necessitates  the  use  of 
the  highest  grade  of  refractories  available,  and  the  blastfurnace 
operator  and  brick  manufacturer  co-operated  in  making  a 
brick  of  more  uniform  dimensions  and  of  much  greater  density 
than  heretofore,  without  sacrifice  of  refractoriness.  This  was 
accomplished  by  a  mixture  of  clay&  giving  the  minimum  of 
shrinkage  and  by  manipulation  designed  to  increase  their  bond 
to  the  maximum.  The  bricks  were  finally  made  into  12in. 
blocks  on  a  steam  press.  The  result  was  a  lining  that  fulfilled 
the  expectations  of  all  concerned.  The  furnace  in  which  this 
lining  was  put  was  blown  out  after  an  eight  months'  run,  to 
make  some  slight  changes  in  the  shell.  In  making  a  12in. 
lining  of  such  great  density,  backed  by  a  water-cooled  jacket, 
there  was  naturally  some  apprehension  as  to  whether  it  would 
spall.  An  examination  showed  that  no  spalling  occurred.  It 
also  resisted  the  abrasion  of  the  stock  and  channeling  blast, 
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and  was  practically  impermeable  to  gases.  A  number  of  these 
linings  have  since  been  installed. 

Several  year&  ago  a  committee  appointed  by  one  of  our 
largest  iron  and  steel  interests  made  an  exhaustive  study  of 
refractories  to  combine  practical  operating  experience  with 
the  knowledge  of  the  brickmaker  in  producing,  if  possible, 
better  brick.  The  result  of  their  study  of  blastfurnace  linings 
led  to  a  specification  for  blastfurnace  brick  calling  for  a 
minimum  of  impurities  and  of  consequently  higher  refractori- 
ness than  the  standard  linings.  To  produce  this  brick  without 
loss  of  bond,  the  carefully^drawn  specification  called  for  special 
treatment  in  almost  everv  department  of  the  manufacture. 
Two  hand-made  linings  were  made  under  this  specification. 
A  few  years  previous  to-  this  development,  at  the  request  and 
with  the  co-operation  of  a  well-known  blastfurnace  manager  in 
the  Chicago  district,  several  linings  were  made,  with  the  object 
of  producing  a  lining  somewhat  more  refractory  and  at  the 
same  time  denser  and  tougher  than  the  standard  linings. 
These  were1  made  in  a  manner  very  similar  to  those  just 
mentioned,  the  principal  difference  being  in  less  hand  picking, 
rehandling,  and  washing  of  clays,  with  a  saving  in  cost.  They 
also  were  hand  made. 

In  summarising  the  three  developments  cited  it  is  of 
interest  that  each  of  the  three  efforts  to'  improve  the  old 
standard  lining  approached  the  problem  from  a  somewhat 
different  angle.  The  making  of  the  s team-pressed  linings  for 
the  tliin-lined  furnace  aimed  directly  at  a  brick  of  much 
greater  density  and  toughness,  without  sacrificing  any  refrac- 
toriness. The  second  method  undertook  to  materially  increase 
the  refractoriness  of  the  brick,  at  the  same  time  maintaining, 
if  possible,  the  bond  of  the  standard  furnace  brick.  The 
abject  of  the  third  method  was  to  increase  both  the  refractori- 
ness and  toughness  of  the  brick,  in  a  les&er  degree,  possibly, 
than  in  the  other  two»  case's,  but  without  materially  increasing 
the  cost. 

All  threo  are'  refinements  of  manufacture  with  varying 
degrees  of  additional  cost.  As  a  furnace  often  runs  four  or 
five  years  on  one  lining,  the  determination  of  the  qualities  in 
a  new  lining  is  naturally  slow,  requiring  a  series  of  runs  to 
cover  the  varying  conditions  under  which  different  furnaces 
are  operated.  At  present  blastfurnace  men  are  calling  for  the 
hand-made  and  machine-made  linings  in  about  equal  numbers. 
The  present  machine-mad©  lining  includes  as  many  as  possible 
of  the  good  points  of  the  first  steam-pressed  lining  referred  to, 
without  all  of  tlae  extra  treatment  of  clays  and  consequent 
higher  cost.  In  one  point  apparently  the  machine-made  brick 
should  be  superior,  and  that  is  in  furnace  tops.  It  is  also 
passible  to'  make  it  of  more  regular  and  uniform  dimensions 
than  by  the  hand-made'  process,  thus  ensuring  better 
brick-laying. 

In  hot  blast  stoves  firebrick  acts  merely  as  a  thermal 
reservoir,  yet  are  subject  to  widely-varying  temperatures,  to 
enormous  loads,  and  in  many  cases  to  the  fluxing  action  of  the 
flue  dust  in  unwashed  gases.  Again  we  note  a  development 
in  the  use  of  brick  of  greater  density  and  higher  refractoriness, 
with  a  decided  tendency  to  substitute  a  higher  for  a  lower- 
grade  brick.  Another  recent  development  is  the  use  of  silica 
brick  in  the  flash  walls  and  domes.  This  materially  increased 
the'  life  of  the  stoves  where  used.  Although  in  blastfurnace 
and  stove  piping  and  connections  high  temperatures  are  not 
involved,  mere  density  in  the  brick  is  insufficient  ；  toughness 
is  requisite.  In  recent  years  a  high-grade  brick  specially 
designed  for  this  use  has  proved  economical.  What  we  have 
said  of  stove  brick  applies  to  tlie  checker  brick  used  in  open- 
hearth  furnaces  and  soaking  pits.  Here  again  the  tendency  is 
unquestionably  toward  the  u&e  of  a  higher-grade  brick. 

The  practice  in  many  heating  and  welding  furnaces  is 
particularly  &©vere  on  brick,  for  we  encounter  here  extremely 
high  temperatures  and  often  sudden  variations  in  temperature. 
Limited  as  w&  are  by  the  refractoriness  of  the  clays  at  our  dis- 
posal, any  substantial  betterment  in  results  must  come  from 
improved  furnace  design,  or  the  substitution  of  silica  for  clay 
brick.  A  remarkable  development  in  the  use  of  firebrick  for 
boiler  settings  has  taken  place  in  recent  years.  It  was  but  a 
few  years  ago  that  the  words  boiler  brick  were  synonymous 
with  a  second  or  third-grade  material.  To-day  no  fireclay 
brick  is  considered  too  good  if  it  materially  lengthens  the 
service.  For  the  sidewalls  many  are  finding  a  blastfurnace 
brick  economical,  and  even  expensive  bauxite  brick  is  some- 
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times  used  because  of  its  greater  resistance  to  rlinkcrin^. 
Under  modern  conditions  of  increased  grate  areas,  mechanical 
stokers  and  forced  draught,  any  or  all  of  which  may  be 
involved  in  the  common  practice  of  working  boilers  from  50 
per  cent,  to  150  per  cent,  over  rated  capacity,  the  problem  of 
the  boiler  setting  is  no  small  one.  At  first  sight  the  gas  pro- 
ducer has  no  real  lining  problem,  yet  to-day  certain  producer 
manufacturers  have  entirely  discontinued  the  use  of  other  than 
the  highest  grade  of  brick,  and  are  experimenting  wit  h  various 
linings,  including  bauxite  brick. 

This  brings  us  to  the  second  division  of  our  classification, 
namely,  silica  brick.  In  the  manufacturl  of  silica  brick,  care 
in  the'^'lecfion  of  rock  is  most  important.  At  the-  (|uarry  the 
rock  is  hroken  and  ab  the  works  crushed  into  small  pieces  and 
ground  to  the  proper  fineness  in  the  wet  pan,  2  per  cent,  of 
「1""'  usually  being  added  for  bond.  The  1)ricks  are  manu- 
factured in  a  manner  similar  to'  that  used  in  making  clay 
l>rick,  hut  are  burned  at  a  higher  temperature.  We  believe 
llie  silica  bricks  of  to-day  are  better  than  they  were  several 
years  ago.  The  workmanship  is  better  ；  the  bricks  are 
tougher,  due  to  improved  methods  of  making ；  and  they  are 
better  annealed.  The  high  refractoriness  of  this  brick;  its 
slight  expansion  under  heat,  and  exceptional  conductivity 
have  increased  its  use  in  the  manufacture  of  iron  and  steel 
enormously.  It  would  be  rash  to  hazard  a  guess  as  to  its 
future  possibilities. 

In  the  open-hearth,  whether  basic  or  acid,  its  use  is  no 
longer  restricted  to  the  sidewalls,  blocks,  and  roof,  but  is 
extending  to  the  checkers,  roofs,  and  walls  of  the  regenerators. 
The  marked  increase  in  tlie  life  of  the  open-hearth  roof  in 
recent  years  is  notewortliy.  But  a  few  years  ago  an  average 
of  250  to  275  heats  was  considered  fairly  good.  Today  an 
average  of  400  to  500  heats  is  not  uncommon,  and  single'  runs 
up  to  800  to  900  lu-ats  are  frequent.  While  by  far  the  largest 
shaiv  of  the  credit  for  this  marked  change  is  unquestionably 
due  to  improved  furnace  design,  methods  of  operation,  and 
better  brick-laying,  we  believe  some  credit  is  due  to  the  better 
silica  brick  being  made  today. 

In  the  by-product  coke  oven  is  seen  the  greatest  develop- 
ment of  recent  years  in  1  he  use'  of  silica  brick,  displacing  clay 
and  quartzite  brick  <ioni])letely  above  the  oven  floor  and  in 
certain  portions  beneath .  It  has  developed  surprising 
qualities  in  withstanding  unavoidable  changes  in  temperature 
and  in  meeting  actual  operating  conditions.  Wo  have  in 
heating  furnaces  one  of  the'  newer  uses.  It  has  in  gas-fire<l 
pip«- welding  furnaces  proved  a  great  economy  and  is  adapted 
wherever  there  are  no  sudden  changes  of  temperature.  In 
the  roof  of  large  span  and  small  rise  the  absence  of  slirinkage 
gives  silica  an  advantage.  As  a  whole,  there  are  in  tlie  boiler 
an'li  too  rapidly  varying  temperatures  to  render  its  use  satis- 
factory, l>ut  where  the  boilers  are  gas  fired,  ami  suHicient  care 
is  exercised  to  prevent  sudden  changes  of  temperature,  the 
worth  of  silica  brick  has  been  demonstrated . 

There  now  remains  the  third  division  of  our  classification, 
namely,  basic  refractories*  The  introduction  of  the  open- 
hearth  process  for  making  steel  called  for  a  refractory  material 
for  lining  the  bottoms  and  sides  of  furnaces  that  would  resist 
the  action  of  basic  slag.  The  oxide  of  magnesium  or  magne- 
site,  as  it  is  called,  was  found  best  adapted  for  the  purpose. 
Magnesite  occurs  in  nature  in  two  forms :  the  white  or 
amorphous  variety,  and  the  crystalline  form.  In  its  natural 
state  magnesite  contains  from  48  to  52  per  cent,  of  carbonic 
acid  gas,  which  must  be  driven  off  before  the  material  is. 
suitable  for  furnace  work,  and  the  difficulty  of  thorouglily 
calcining  this  white  amorphous  magnesite  makes  its  use  as  a 
refractory  impracticable.  The  crystalline  form  used  by  steel- 
makers is  found  in  Austria,  Hungary,  and  Sweden.  The 
crude  magnesite-  is  burned  in  sliafl  or  rotary  kilns,  crushed, 
sorted  and  sacked,  ready  for  furnace  bottoms  or  to  be  made 
into  brick.  An  approximate  analysis  is  as  follows  :  Magnesia, 
82  to  88  per  cent.  Lime,  3  to  4  per  cent.  Silica,  3  to  5  per 
cent.  Iron  peroxide,  5  to  7  per  cent.  A  magnesite  of  this 
composition  will  flux  sufficiently  in  a  furnace  to  make  a  hard 
vitreous  bottom,  or  if  burned  into  brick  will  have  a 
strong  bond. 

The  process  of  manufacturing  magnesite  brick  differs  but 
little  from  that  employed  in  making  other  brick.  The  tempe- 
rature of  burning,  however,  is  very  high,  approximating 
3,000°  Fall.  Tlie  major  portion  of  magnesite  and  magnesite 
brick  used  in  the  iron  and  steel  industry  is  for  the  bottoms  of 
basic  o]-»en-hoartli  furnaces  and  in  the  sidewalls  extending 


above  the  slag  line.  This  material  is  also  widely  used  in  t  Ik- 
ports  and  blocks,  and  many  i'uniar<*s  are  now  hein^  ronstru'  l 
where  tlie  end  walls  and  uptakes  are  built  of  it.  Tlie  boltum^ 
and  sidewalls  of  electric  furnaces  of  certain  types  are  also  of 
magneske.  M a^nesiU'  hricks  arc  乂  j/ciht  ;i 1 1  v  a*lo|»t*'<l  in 
iron  and  steel  furnaces  wherever  basic  slag  is  encountered. 

Chrome  ore,  or  chromite,  is  coming  into  general  use  in 
steel-making  on  account  of  its  refractoriness  and  resist  an*-*-  i  o 
both  acid  and  basic  slags.  It  is  a  mineral  that  is  practically 
neutral.  It  occurs  widely  distributed,  being  found  in  Norl  li 
America,  Turkey,  Greece,  Japan,  New  Caledonia,  Cuba,  and 
Africa.  In  practice  a  chrome  ore  running  from  40  to  5(i  jh-i 
cent,  chrome  oxide  and  from  3  to  7  or  8  per  cent,  silica  makes 
the  best  refractory.  In  the  form  of  brick  this  material  is  used 
in  open-heartli  furnaces,  soaking  j>its,  and  dolomite  kilns.  It 
is  also  ground  and  used  as  a  patching  and  daubing  mixture  for 
repairing  jambs,  sidewalls,  ports,  and  blocks  of  open-hearth 
furnaces.  The  process  of  making  chrome  brick  is  practically 
the  same  as  in  making  magnesite  brick. 

In  summarising  this  review  of  the  use  and  development  of 
refractories  there  are  certain  points  that  will  bear  emphasis, 
even  at  the  expense  of  repetition.  We  note  the  frequent  use 
of  magnesia  and  chrome  brick  to  resist  basic  slags,  displacing 
a  high-grade  fireclay  brick.  We  see  silica  brick  displacing  clay 
brick  where  the  maximum  refractoriness  is  required  and  wli**i** 
the  variations  in  temperatures  permit.  We  have  a  higher 
grade  of  fireclay  brick  displacing  tlie  lower.  In  these,  as  、、''ll 
as  other  instances  that  might  be  cited,  this  tendency  is 
apparent,  namely,  the  gradual  substitution  of  the  liiglier-grad^ 
refractories  for  the  lower.  Tlie  number  and  variety  of  difficult 
si l apes  is  fast  increasing.  Brickwork  is  laid  witli  greater 
accuracy.  To-day  less  than  half  the  clay  or  cement  formerly 
used  for  laying  is  employed.  As  in  other  lines  of  manufacture, 
specifications  are  becoming  more  rigid.  Firebrick  "lanu- 
facturers  are  now  working  under  specifications  that  several 
years  ago  were  considered  impossible. 

The  brickmaker  is  somewhat  limited  in  his  efforts 
develop  his  product  by  the  fact  that  in  the  past  25  years  no 
new  beds  of  fireclay  of  a  quality  better  than  formerly  used 
have  been  discovered.  These  clays  all  have  their  well-clefined 
limits  of  refractoriness.  He  is  therefore  to  meet  new  con- 
ditions confined  to  a  mixture  of  known  clays  in  various  pro- 
portions, witli  suitable  additions  of  calcined  clay  ；  to  grinds 
of  various  degrees  of  fineness;  to  burns  of  varying  degrees  of 
hardness  ；  and  to  special  treatment  of  the  clays.  After  a 
careful  hand  selection,  any  effort  to  increase  the  refractoriness 
by  a  further  elimination  of  even  a  small  percentage  of 
impurities  involves  much  rehandling  in  their  weathering  and 
washing,  which  is  costly. 

The  future  development  of  refractories  will  be  interest  im' 
The  uses  of  silica  are  fast  increasing  ；  the  field  for  basic 
refractories  is  widening,  and  it  is  probable  that  further  refine- 
ment in  the  making  of  firebrick  will  just  it' v  1 1 1 e  cost .  This 
development  presents  problems  for  the  iron  and  steel  manu- 
facturer, as  well  as  the  brickmaker,  and  we  venture  the  opinion 
that  with  their  continued  co-operaticm  inucli  can  yet  be  accom- 
plished toward  meeting  the  constant  demands  of  the  iron  ami 
steel  industry  in  their  efforts  to  increase  their  output. 


Fatal  Flywheel  Burst. ― A  workman  was  killed  and  sevn  a  1 
others  were  injured  by  fragments  of  a  flywheel  which  burst 
on  Monday  last  at  the  works  of  the  British  Westinghouse 
Electric  and  Manufacturing  Company,  at  Trafford  Park, 
Manchester.  The  wheel,  which  was  7ft.  6in.  diam"  weighed 
about  three  tons,  and  it  was  part  of  a  generator  set  in  the 
testing  dej)artinent.  The  flying  fragments  broke  the  fire 
sprinkler  apparatus,  and  the  greater  part  of  the  damage  done 
in  the  works  was  due  to  wat^r  liberated  in  tins  way. 

•  Scholarship  in  Naval  Architecture. ― T1h>  Royal  (、'imm wm- 
ers  for  the  Exhibition  of  1851，  acting  on  tlie  recommenda- 
tion of  tlie  Council  of  the  Institution  ot'  Xaval  Architects,  have 
awarded  the  post-graduate  Scholarship  in  Xaval  Architecture 
for  1913  to  Mr.  C.  Frodsham  Holt,  of  Liverpool,  who  recently 
obtained  a  first-class  honours  degree  at  Liverpool  Universit  v . 
The  scholarship  is  of  the  value  of  £200  per  year,  tenable  for 
two  years,  and  t  lie  holder  proposes  to  carry  out  research  work 
in  presented  ay  mercantile  ship  construction  with  a  view  to 
improvements  in  design  based  upon  a  study  of  longitudinal 
and  transverse  strength  of  ships  and  of  the  effect  upon  the 
strength  of  a  ship  of  varying  its  length,  breadth,  and  depth, 
and  the  sparing  of  its  frames. 
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Jiiaji^anese  to  the  stream  of  air.  Other  alloys,  as  well  as  carbon. 
1、"  iiK-ivasiny  the  tcnipcialuiv,  can  Ijc  injected  also. 

l:lie  apparatus  used  ami  patented  by  Mr.  Prince  is  sliown  in 
the  illust  ration.  Oidinaiy  compressed  air  is  admit  tod  tliroiigh 
the  pipe  a  into  the  bottom  of  the  ladle.  The  cylinder  b  is  used 
for  holding  the  powdered  alloys  that  it  may  be  desired  to  inject 
into  the  metal  \vith  the  air.  The  entire  mechanism  is  attached 
to  the  ladle  so  that  the  reaction  can  take  place  as  soon  as  the 
metal  strikes  the  ladle  and  while  it  is  being  transported  some 
distance  to  the  moulds.  The  reaction  which  it  is  claimed  takes 
place  as  the  "  air,  gas,  or  steam  or  other  equivalent  ，，  comes  into 
contact  with  the  molten  metal  is  that  it  oxidises  the  manganese, 
creating  manganese  oxide,  wliicli,  owing  to  its  affinity,  unites 
with  the  sulphur  to  produce  a  slag  which  rises  to  the  top  of  the 
ladle  or  reservoir,  where  it  may  be  skimmed  off.  During  this 
operation  a  small  quantity  of  the  manganese  unites  chemically 
with  the  sulphur  to  form  manganese  sulphide,  which  rises  to  the 
top  after  it  is  formed  by  the  agitation  produced  by  the  oxidising 
agent. 

Table    of  Experiments. 
Experiment  1. 

Silicon ,  Sulphur.  Manganese, 
per  cent.      per  cent.      per  cent. 

Molten  iron    2-55      0-051  0-72 

Treated    2-53       0-035  0-52 

Slag  formed  on  top    3-65       0-429  2-Hi 

Experiment  2. 

Molten  iron    ―        0-099  0-4(i 

Treated  1\  min   0-099  0-49 

Treated  i\  min   ―        0-099  0-4：> 

Treated  5|  min   ―        0  0%  0-45 

Treated  1\  min   0-092  0-41 

Treated  9|  min   ―        0-090  0-42 

Treated  18  min   ―        0-065  0-:Jl 

Experiment  3. 

Molten  iron    2  10      0-096  0-42 

Treated  2h  min   ―        0-085  0-:JO 

Experiment  4. 

Molten  iron    ―  0-095 

Treated    ―  0-075 

Ex  per  I  in  I  lit  5. 

Molten  iron                                       2-25  0-103  0-57 

Treated                                            2 -IS  0-079  0-42 

Treated                                            ―  0-071  0-36 

Slag  formed  on  top                             ―  0-570  1  - 12 

Experiment 

Molten  iron    ―  0-074 

Treated,  first  part   ,  0-042 

Treated,  last  part   O  O."):} 

Experiment  7. 

Molten  iron    ―  0-078 

Treated,  first  part    0  -042 

Treated,  last  part   ―  0-033 

Experiment  8. 

Molten  iron    一  0-070 

Treated    一  0-056 

The  disposition  of  high  sulphur  iron  with  its  consequent  high 
combined  carbon  is  always  attended  with  difficulties.  In 
quantities  it  is  practically  non-usable,  for  remelting.  But  Mr. 
Prince  has  found  some  surprising  results  from  an  application  of 
his  process  to  such  iron.  A  quantity  of  high-sulphur  borings  was 
melted  in  the  cupola,  tapped  into  an  experimental  ladle,  and 
treated.  The  iron  that'  was  produced  was  a  higli-grade  soft  iron 
having  all  the  properties  of  a  regular  foundry  iron.  The  analyses 
before  and  after  treating  were  as  follows  ： ― 

Untreated,  Treated, 

per  cent.  per  cent. 

Silicon                                                       102  2-05 

Sulphur                                                     0-129  0*089 

Phosphorus    0-69 

Manganese                                                 0-36  0-44 

Total  carbon                                              2,36  2-43 

Graphitic  carbon                                 -.      0-00  2  01 

Combined  carbon                                        2 '36  0-42 


REMOVING  SULPHUR  FROM  MOLTEN  CAST  IRON. 

A  L'.\  i'k.nt  has  been  lirantcil  to  W.  ¥.t  l'riiice,  foundry  stipci  iii- 
tciulcnt ,  the  Heiuy  R.  Worthin^ton  ('"nipmiv,  Haj  i  istm.  N.J., 
on  a  process  for  reinuving  sulplnu*  Iruni  molten  cast  iron.  It  is 
both  novel  and  simple  and  also  metallurgically  interesting.  The 
patentee  claims  to  be  able  to  reduce  the  sulphur  content  by  。（）  to 
50  per  cent,  and  has  accomplished  this  in  numerous  instances. 
Sulphur  is  the  bete  noir  of  the  iron  foundry  man.  Any  process  by 
which  the  content  can  be  kept  down  has  special  commercial  and 
metallurgical  value.  Many  castings  have  been  lost  because  of 
the  presence  of  defective  spots  of  various  sizes,  attributed  in  many 
cases  to  kish，  sand,  or  oxide.  It  occurred  to  Mr.  Prince  to 
have  some  of  these  spots  analysed.  He  found  them  almost 
invariably  high  in  sulphur,  as  also  in  manganese  and  silicon,  while 
the  normal  iron  of  that  part  of  the  casting  was  lower  in  sulphur 
and  manganese  than  the  average  for  the  casting.  If  the  original 
surrounding  normal  iron  contained  silicon  2-50  per  cent.,  sulphur 
0-050  to  0-080  per  cent.,  and  manganese  0*70  to  0*90  per  cent., 
then  the  composition  of  these  spots  was  often  found  to  approxi- 
mate silicon  3-75  per  cent.,  sulphur  0*40  to  0-60  per  cent.,  and 
manganese  1  to  2  per  cent.  This  was  thought  to  indicate  the 
presence  of  large  amounts  of  sulphide  of  manganese,  the  high 
percentages  of  sulphur  and  manganese  being  decidedly  abnormal 
and  surprising. 

The  next  step  in  the  patentee's  discovery  was  an  attempt  to 
reproduce,  under  commercial  conditions,  this  unusual  chemical 
compound  or  compounds.    Success  attended  these  efforts  more 


Apparatus  for  Treating  Molten  Iron  with  Aib  to  remove  Sulphur. 

easily  than  was  at  first  expected,  though  Mr.  Prince  suspected 
the  cause.  He  believed  that  these  agglomerations  of  material, 
high  in  manganese  and  sulphur,  did  not  exist  in  the  original  iron 
but  that  they  were  formed  during  pouring  and  usually  in  the 
mould  itself.  Being  thus  formed,  the  agglomerations  floated 
along  the  walls  of  the  mould  until  fastened  there  by  the  pressure 
and  solidifying  of  the  molten  iron.  The  cause  of  the  formation 
he  ascribed  to  the  ebullition  of  gas  or  steam  through  the  iron,  set 
free  from  the  moulds  or  cores  by  the  temperature  and  pressure 
of  the  liquid  hot  iron,  a  reaction  taking  place  altogether  too  often. 
Acting  on  these  surmises,  Mr.  Prince  performed  some  experiments. 
He  took  a  ladle  holding  l，000lbs.，  and  to  the  bottom,  through  a 
small  hole,  attached  a  pipe  with  a  hole  ^in.  diam.  connected  to  an 
air  system  of  901bs.  pressure.  Into  this  ladle  the  metal  was  tapped 
from  the  cupola.  In  each  experiment  at  the  end  of  10  to  20 
minutes  of  the  gentle  ebullition  caused  by  the  air  a  scum  or  slag 
was  floating  on  top.  Analyses  of  this  slag  showed  it  to  be  a 
compound  entirely  similar  in  composition  to  those  forming  the 
defects  in  castings.  The  results  of  eight  different  experiments 
of  this  nature  are  shown  in  the  accompanying  table. 

These  trials  were  so  successful  that  Mr  Prince  experimented 
with  different  irons  under  different  conditions  with  equally  satis- 
factory results  :  so  much  so  that  a  large  tank  was  installed, 
equipped  with  the  same  convenient  air  connections.  Castings 
made  from  iron  thus  treated  showed  a  reduction  of  25  to  50  per 
cent,  in  the  sulphur  contents,  and  in  each  case  the  iron  was  clean, 
sound,  and  easily  machined.  The  physical  properties  also  had 
not  been  sacrificed.  While  exhaustive  tests  have  not  been  made 
to  determine  just  how  much  sulphur  can  be  eliminated,  it  is  the 
opinion  of  Mr.  Prince  that  it  all  depends  on  the  amount  of  man- 
ganese present  or  added.  In  the  hundreds  of  tests  made  the 
results,  it  is  stated,  have  always  been  of  the  same  sort.  In  each 
case  the  high  sulphur  has  been  lowered  decidedly,  passing  off  into 
the  newly  formed  slag.  The  original  iron  has  lost  some  of  its 
manganese,  but  this  can  be  avoided  by  adding  powdered  ferro- 
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In  this  experiment  the  sulphur  is  reduced  :\()  per  cent.  ;m<l  the 
carbon  has  been  nearly  all  changed  to  graphitic  Both  t、'n'(>- 
silicon  and  ferromanganese  were  added  during  ticat  It  is 
believed  that  this  opens  up  great  possibilities,  for  it  is  (l;iim''(l 
tliat  not  only  can  such  impure  iron  be  reclaimed  but  that  even 
other  irons  liigh  in  sulphur  can  be  used. 

When  application  was  made  for  the  patent,  tli"  objection 
was  at  first  made  that  it  was  an  infringement  of  the  Bessemer 
process.  In  the  latter,  however,  the  temperature  increases 
greatly,  due  to  the  oxidation  of  the  carbon  and  the  silicon  by  the 
air  blast  ；  in  the  new  process  there  is  a  gradual  decrease  in  i  Ik- 
temperature  of  the  molten  metal,  inasmuch  as  there  is  no  oxid;i- 
tion  of  the  carbon  or  silicon,  or  practically  none.  It  is  claimed 
that  the  method  can  be  used  in  connection  with  blast-furnace 
work,  making  pig  iron  in  the  usual  way,  drawing  it  into  a  receiver 
or  ladle,  treating  it  as  above  described,  and  then  casting  it  into 
pigs,  and  that  it  is  capable  of  use  in  all  iron  or  steel  foundries. 
It  has  been  found  of  great  advantage  by  the  patentee  in  making 
large  cylinders  and  pipe  and  heavy  machine  castings,  increasing 
tlic  factor  of  safety  by  preventing  the  formation  of  kish，  &c.，  in 
the  mould. ― "  The  Iron  Age." 


THE  ELECTRIC  FURNACE  IN  THE  STEEL  FOUNDRY, 

BY  ERNEST  P.  HUMBERT. 

Much  has  been  written  about  the  electric  furnace  and  its  use 
in  steel  making,  indicating  the  wide  interest  that  steel  men 
are  taking  in  this  new  type.  A  better  proof  is  the  fact  that 
over  100  electric  furnaces  are  making  steel  in  Europe  and  in 
America,  these  being  of  different  types  and  sizes  ranging  from 
l，0001bs.  to  25  tons.  I  will  try  to  show  you  the  general  advan- 
tage of  the  electric  furnace  for  the  making  of  steel  castings. 
The  requirements  an  ideal  furnace  would  have  to  meet  in  a 
steel  foundry  are  : 

(1.)  The  making  of  a  steel  of  the  best  quality  ；  that  is,  a 
steel  low  in  sulphur  and  phosphorus,  as  it  is  well  known  that 
these  impurities  affect  the  physical  quality  of  steel ― a  steel 
which  when  cast  will  not  ^how  any  blow  holes,  or  a  steel  com- 
pletely deoxidised.  We  have  nowadays  scientific  and  accurate 
ways  of  testing  the  quality  of  steel  ；  w©  have  the  chemical 
analysis  which  will  show  us  the  quantity  of  the  different 
elements  which  compose  steel.  It  is  only  recently  that  the 
microscope  has  given  us  the  possibility  of  knowing  more  about 
the  structure  of  steel.  It  has  shown  tliat  steel  of  good  analysis 
― a  steel  low  in  impurities,  such  as  sulphur  and  phosphorus 
― contains  other  impurities  which  were  not  revealed  by 
chemical  analysis.  These  impurities  are  oxides,  silicates  and 
manganese  sulphide,  and  they  occur  during  the  making  of 
steel.  Part  of  these  impurities  stay  in  suspension  in  the  metal, 
and  being  in  particles  of  very  small  volume,  they  are  not  de- 
tected by  the  naked  eye.  It  is  easy  to  understand  that  the 
presence  of  these  impurities  diminishes  tlie  physical  strength 
of  the  metal,  and  physical  tests  prove  this  without  a  doubt. 

(2.)  The  second  requirement  an  ideal  furnace  has  to  meet 
is  the  possibility  of  obtaining  the  metal  at  a  very  high  tem- 
perature without  injuring  the'  quality  of  the  steel.  It  is  very 
important  in  a  steel  foundry  to  have  the  metal  at  a  very 
higli  temperature,  as  it  has  to  remain  in  the  ladle  sometimes 
for  many  minutes,  and  when  castings  of  small  size  are  to  be 
itiad©  the  chilling  effect  of  the  sand  has  to  bo  taken  into  con- 
sideration. 

(3.)  The  third  requirement  for  an  ideal  furnace  is  that  it 
be  entirely  adaptable  to  the  demands  of  the  foundry,  namely  ： 
One  that  can  be  stopped  and  started  at  will  without  having  to 
use  fuel  during  the  stoppage  or  the  incurring  of  extra  heavy 
expense  ；  a  furnace  in  which  the  heat  can  be  kept  for  a  certain 
length  of  time  without  a  change  in  the  composition  of  tlie 
steel  ；  a  furnace  from  which  part  of  the  heat  can  be  removed 
at  a  time  ；  a  furnace  in  which  steels  of  different  qualities  and 
analyses  can  he  made  from  the  same  heat. 

(4.)  Finally,  an  ideal  furnace  will  have  to  meet  all  of  these 
requirements  and  make  steel  at  a  reasonable  price. 

Let  us  examine  each  type  of  t'uniace  which  is  used  in  steel 
foundries,  and  determine  whet  lie r  any  one  meets  t  he  require- 
ments which  we  have  set  for  the  ideal  type.  Four  types  of 
furnaces  are  used  ：    the  converter,   the  open  hearth,  the 
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crucible  and  the  electric  furnace.  Tliese  furnaces  may  be 
divided  into  two  classes :  the  oxidising  furnaces  in  whicli  tlio 
heat  applied  has  an  oxidising  effect  on  the  charge,  and  wliich 
includes  the  converter  and  the  open  hearth,  and  the  non- 
oxidising  furnaces,  in  which,  as  the  name  indicates,  tlie  heat 
has  no  oxidising  effect  on  the  charge,  and  whicli  include  the 
crucible  and  electric  furnace. 

77/ e  Bes.se/tter  Canvfrttr. ― If  we  consider  the  first  require- 
ment, which  is  the  making  of  steel  of  the  best  quality,  we  \w\A 
that  the  Bessemer  converter  does  not  meet  it.  There  is  no 
possibility  of  refining  the  metal.  We  are  bound  to  have  in  the 
finished  product  the  same  quantity  of  sulphur  and  phos- 
phorus which  is  in  the  pig  ；  in  fact,  we  find  more  sulj>hur 
and  phosj)liorus  in  the  steel,  due  to  the  increasing  of  the 
weight  of  the  metal,  and  especially  to  the  absorption  of  sul- 
phur from  the  coke  used  for  the  melting  of  the  pig  iron  in  Hie 
cupola.  If  we  take  into  consideration  the  9econd  class  of  im- 
purities which  have  been  revealed  to  us  by  the  microscope ~ 
oxides,  silicates  and  manganese  sulphide ~ it  is  obvious  that 
with  the  Bessemer  converter  we  have  the  greatest  probability 
of  finding  these  impurities  in  the  metal.  They  are  a  l>y- 
product  of  tlie  process.  As  no  desulphurisition  takes  place, 
the  sulphur  in  the.  metal  will  unite  with  the  manganese  which 
is  added  after  the  metal  is  blown  and  form  manganese  sul- 
phide. 

In  the  Bessemer  converter  steel  can  be  made  at  a  very 
high  temperature,  and  it  seems  that  the  second  requirement 
foi  the  ideal  furnace  can  be  met.  The  heat  is  derived  fron: 
the  oxidation  of  the  silicon.  The  only  means  by  which  the 
temperature  can  be  raised  is  to  increase  the  quantity  of  silicon 
in  the  pig  iron  or  charge  some  ferro-silicon  in  the  converter. 
One  molecule  of  silicon  unites  with  two  molecules  of  oxygen 
to  make  one  molecule  of  silica  or  silicon  oxide.  It  is  evident 
that  we  have  the  possibility  of  making  very  hot  metal,  but  a 
certain  amount  of  oxides,  produced  during  the  blowing,  stays 
in  the  metal,  and  the  presence  of  these  impurities  decreases 
the  physical  quality  of  the  metal.  If  we  increase  the  quantity 
of  silicon  we  produce  more  silica,  and  the  chance  of  having 
more  of  these  impurities  left  in  the  castings  increases  propor- 
tionately. The  conclusion  is  that  although  it  is  possible  to 
produce  in  the  converter  steel  at  a  high  temperature,  the 
physical  qualities  of  the  castings  are  diminished  in  so  doing. 

The  first  part  of  the  third  requirement  of  an  ideal  furnace 
is  met  by  the  converter.  It  can  be  shut  down  after  the  heat 
is  made,  and  when  another  heat  is  required  the  furnace  is 
heated  with  oil  or  coke,  and  after  a  short  time  is  at  a  tem- 
perature high  enough  to  take  a  charge  of  liquid  pig.  The  great 
adaptability  of  the  small  converter  to  foundry  requirements 
has  been  one  of  the  reasons  for  its  popularity  with  foundrv- 
men.  Unless  a  high  percentage  of  silicon  is  used,  which  is 
objectionable,  when  the  heat  is  blown  it  has  to  be  poured,  and 
it  is  impossible  to  make  different  sorts  of  steel  with  the  s;i"i'、 
heat.  The  Bessemer  converter  meets  only  part  of  the  third 
requirement  of  an  ideal  furnace.  As  to  the  fourth  require- 
ment, it  is  possible  to  make  steel  in  the  Bessemer  converter  at 
a  reasonable  price.  From  my  knowledge  of  different  works 
using  converters  for  foundry  purposes,  in  Europe  as  well  as  in 
America,  I  may  state  that  steel  can  be  put  in  the  ladle  around 
£6  per  ton.  Of  course,  if  steel  very  low  in  sulphur  and  phos- 
phorus is  required,  high-grade  pig  has  to  be  used,  with 
additional  expense. 

The  Open-Hearth  Furnace. ― The  other  type  of  tlie  oxidis- 
ing furnace  is  the  open  hearth.  The  heating  and  melting  in 
this  furnace  are  done  by  the  flame  whicli  results  from  the  oxi- 
dation of  coal  gas,  oil  or  natural  gas  by  preheated  air.  The 
Hame  is  mainly  composed  of  carbon  dioxide,  whicli  has  very 
strong  oxidising  properties.  In  the  United  States  acid  and 
basic  open-hearth  furnaces  are  used,  and  in  the  foundries  the 
acid  is  generally  preferred. 

The  open-hearth  process  does  not  meet  the  first  require- 
inent  of  an  ideal  furnace ~ the  making  of  steel  of  tlie  best 
(jiialitv,  low  in  sulphur  aiul  j)hosp!iorus  aiul  not  containing 
oxides,  silicates  or  lnaii^anese  sulphide.  Low  sulphur  and 
phosphorus  can  be  obtained  in  tlie  acid  process  if  high-grade 
scrap  containing  a  very  small  amount  of  these  impurities  is 
charged,  but  tlie  melt ino;  being  done  by  an  oxidising  flame  it 
is  impossible  to  produce  a  metal  completely  free  from  oxide 
impurities.  With  the  basic  open  hearth  dephosphorisation 
can  be  accomplished,  but  it  is  found  that  more  oxides  are  dis- 
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solved  in  the  steel.  As  to  sulphur,  it  is  always  present,  mainly 
in  the  form  of  manganese  sulphide,  and  if  in  quantities  may 
be  found  in  the  castings  in  the  form  of  round  globules. 

As  far  as  tlie  second  requirement  is  concerned,  it  is 
practically  impossible  to  obtain  in  the  open  hearth  the  very 
hi^U  temperature  which  is  required  for  the  pouring  of  small 
castings.  It  does  not  have  the  flexibility  of  the  converter. 
The  furnace  cannot  be  stopped  and  started  again  without 
yerious  trouble  in  the  linings,  and  it  is  better  to  keep  the  heat 
on  if  the  furnace  is  stopped  for  only  a  short  time,  as  during 
the  】iiglit  or  for  one  day.  Tlie  heat  has  to  b©  poured  when 
ready  ；  it  cannot  be.  kept  in  the  furnace  without  the  chance'  of 
over-oxidation  and  damage  to  the  lining.  The  entire  heat  has 
to  be  lajtped  at  one  time  and  the  only  way  to  make'  different 
kinds  of  steel  is  to  put  the  additions  in  small  ladles  and  to 
jiour  the  metal  into  them  from  the  main  ladle.  The  third 
requirement  is  not  met  by  this  furnace. 

The  open-hearth  furnace'  can  make  steel  for  casting  pur- 
poses at  a  reasonable  figure.  This  varies  with  local  conditions, 
the  size  of  the  furnace,  and  the  tonnage  produced  ；  but  under 
(irdina ry  cirrumstances  I  can  safely  say  that  it  will  be  £1  per 
ton  less  than  tlie  converter  cost. 

The  Crucible  Furnace. — In  the  second  class  of  furnaces, 
the  noil- oxidising,  the  】ieat  applied  for  the  melting  of  the 
charge  does  not  have  any  oxidising  action  on  the  stock .  The 
crucible  furnace  is  used  in  steel  foundries  making  very  small 
castings,  and  which  require  material  of  good  physical  qualities. 
This  is  one  of  the  oldest  processes  of  steel  making,  and  it  is 
used  now  practically  as  it  was  100  years  ago.  The  crucibles, 
which  are  made'  of  graphite  and  clay,  or  clay  alone,  are  filled 
with  scrap  cut  into  small  pieces  and  with  the  necessary 
additions  to  give  the  percentage  of  tlie  different  elements 
wanted  in  the  finished  metal,  a  cover  is  put  on  the  crucible  and 
it  is  placed  in  the  furnace.  The  heat  is  applied  in  the  same 
way  as  in  the  case  of  the  open-hearth  furnace,  and  when  the 
inci;il  is  in  shape  it  is  poured  from  tlie  crucibles  directly  into 
t  lit.'  moulds. 

This  furnace  makes  steel  of  the  best  quality,  but  no  re- 
lining  can  be  done  in  the  crucible.  It  is  impossible  to  change 
the  sulphur  and  phosphorus  which  were  contained  in  the 
scrap,  and  if  a  steel  low  in  sulphur  and  phosphorus  is  re- 
quired, scrap  low  in  these  elements  must  be  melted.  No  oxi- 
dation can  take  place  during  the  melting  of  the  charge,  and  if 
scrap  free  from  oxides  is  used  the  metal  at  the  end  of  the 
operation  will  not  contain  any. 

The  second  requirement  is  met  by  the  crucible  furnace, 
for  it  is  possible  to  get  the  metal  to  a  high  temperature  and  to 
pour  small  castings  of  very  thin  walls.  Tlie  main  reason  why 
good  results  are  obtained  in  pouring  these  small  castings  is 
that  the  metal  is  poured  directly  from  the  crucible  into  the 
mould  without  its  having  a  chance  to  cool  down,  as  when 
transferred  from  the  melting  place  into  the  pouring  ladle,  as  is 
the  case  with  every  other  kind  of  furnace. 

If  a  coke  furnace  is  used  the  first  part  of  the  third  require- 
ment is  met,  as  the  furnace  can  be  started  and  stopped  at  will 
and  with  no  difficulty.  But  if  a  regenerative  furnace  is  em- 
ployed the  same  difficulties  will  be  met  as  with  the  open- 
hearth  furnace,  and  almost  to  the  same  extent.  The'  steel  can 
be  kept  in  tlie  crucible  a  certain  time  after  it  is  ready  to  be 
tapped  without  change  in  its  composition  or  in  the  quality  of 
the  steel,  although  the'  life  of  thei  crucible  prevents  the  over- 
doing of  this.  As  every  crucible  contains  a  maximum  of 
lOOlbs.  it  is  obvious  that  in  a  3 2 -pot  furnace,  32  different 
kinds  of  steel  could  be  made. 

Everyone  knows  that  crucible  steel  is  expensive  steel,  and 
the  fourth  requirement  of  an  ideal  furnace  is  not  met  by  this 
kind  of  furnace. 

77〃'  Ehctric  Furnact. ― Although  the  electric  steel  furnace 
lias  been  in  existence  for  over  12  years  it  is  only  in  the  last  few 
years  that  steel  foundries  have  installed  it.  Several  types  are 
now  in  use  in  European  and  American  foundries.  I  do  not 
intend  to  discuss  any  particular  type  here,  but  only  tlie 
question  whether  the  electric  furnace'  meets  tlie  requirements 
of  an  ideal  furnace.  With  it  we  have,  the  possibility  of 
working  on  cold  scrap  or  on  liquid  metal  which  has  been 
melted  either  in  the  Bessemer  or  open -hearth  furnace.  Tlie 
iio.t  metlio<l  is  used  when  a  small  tonnage,  is  required,  the 
second  when  a  large  tonnage  is  desired. 

In  the  electric  furnace,  steel  of  fclie  best  quality  can  be 
made,  as  well  as  in  the  crucible,  but  the  difference  is  that 
with  the  electric  furnace  scrap  of  the  cheapest  quality  can  be 
used  and  the  sulphur  and  phosphorus  can  be  removed  to 
traces  if  desired.    As  the  heating  in  the  electric  furnace  is 


furnished  by  electricity  it  does  not  in  any  way  influence  the 
charge,  and  it  allows  us  to  operate  in  any  atmosphere,  neutral 
or  reducing.  The  finishing  slag  of  tlie  electric  furnace  can  be 
made  so  that  it  possesses  a  reducing  property  by  which  it  can 
destroy  any  oxides  that  may  be  present  in  the  metal.  This 
slag  is  called  "  white  slag  ，，  from  its  colour.  Therefore,  the 
electric  steel  will  not  contain  any  oxides,  which  means  that 
the  castings  will  be  free  from  blowholes  and  show  a  verv  liii'' 
structure.  As  the  sulphur  is  kept  very  low,  there  will  be  but 
little  likelihood  of  finding  sulphide  of  manganese.  The  first 
requirement  is  completely  met  by  the  electric  furnace. 

Tli©  electric  furnace  affords  tlie  possibility  of  obtaining  h 
temperature  much  higher  than  that  obtainable  by  any  system 
of  gas  heating.  With  an  electric  current  3,500°  C.  can  1"' 
obtained,  the  only  limit  to  the  temperature  of  the  steel  l>ein^ 
the  melting  point  of  the  refractories.  The  heat  can  be  regu- 
lated as  wanted,  and  the  man  in  charge  knows  exactly  the 
quantity  of  heat  he  is  giving  his  furnace  by  looking  at  the 
instrument  that  shows  the  quantity  of  current  us^d.  Tin* 
increasing  of  the  temperature  does  not  affect  the  quality  of  ll"， 
steel,  as  this  heat  does  not  produce  any  change  in  the  elements 
of  the  metal.  From  this  w©  can  see  that  the  second  require- 
ment is  met  by  the  electric  furnace.  It  is  the  only  fui'iiace  in 
which  the  heating  can  be  regulated  with  full  rontrol,  w'li'  r" 
the  niaxiniuin  of  heat  can  be  applied  instantly,  and  where  tlir 
metal  can  be  kept  in  the  furnace  during  any  length  of  time 
without  the  slightest  variation. 

The  electric  furnace  being  a  closed  furnace  with  no  di-au^ht 
or  stack,  it  holds  the'  heat  better  than  any  other  kind  of 
furnace.  It  is  the  practice  of  many  foundries  to  work  only 
during  the  day  time,  the  furnace  being  sliut  down  at  night . 
After  the  last  heat  has  been  tapped,  if  the  doors  of  the  furnace 
are  tightly  closed,  the  melter,  coming  in  the  morning  to  chai 
his  furnace,  will  find  it  at  a  red  heat.  There  is  no  need  of 
keeping  any  current  on  the  furnace  or  of  heating  it  in  any 
way  during  the  night,  as  the  cooling  is  not  sufficient  to  give 
any  trouble  with  the  lining  and  brickwork. 

The  electric  ste&l  furnace  being  of  a  tilting  type,  anv 
amount  of  metal  can  be  taken  at  any  time,  and  as  a  neutral 
atmosphere  exists  in  the  furnace  and  a  neutral  slag  on  {\\v 
metal,  the  same;  quality  of  steel  can  be  kept  at  the  same  tem- 
perature for  any  length  of  time  desired.  In  special  cases  it 
may  be  found  economical  to  make  different  kinds  of  steel  wit  h 
the  same  heat,  for  instance,  straight  carbon  steel  and  some 
alloy  steel .  This  can  be  done  easily  with  the  electric  furnace. 
When  the  heat  is  ready,  the  furnace  is  tilted,  and  a  certain 
quantity  of  carbon  steel  is  poured  into  tlie  ladle,  then  the 
furnace  is  tilted  back,  and  the  alloys  wanted  are  charged 
in.  When  these  alloys  are  melted  and  the  moulds  ready  to  be 
filled  either  part  or  alL  of  the  heat  is  poured  in  one  or  &evei  ;i] 
ladles.  The  electric  furnace  can  adapt  itself  to  any  require- 
ment of  the  foundry. 

The  electric  furnace'  also  meets  the  last  requirement ― the 
making  of  steel  of  the  best  quality  at  a  reasonable  figure.  "With 
scrap  not  above  £3  per  ton  and  power  at  about  per  kilo- 
watt-hour, electric  steel  can  be  made  in  the  ladle  for  about 
the  same  price  as  steel  made  in  the  converter.  When  the 
price  of  power  is  low,  as  in  Canada  and  some  parts  of  the 
United  States,  electric  steel  can  be  made  as  cheap  as  open- 
hearth  steel . 

From  the  foregoing  our  conclusion  must  be  that  the 
electric  furnace  opens  up  possibilities  to  the  foundries  for 
making  steel  castings  as  good  in  quality  as  those  made  in  the 
crucible,  for  the  same  price  as  those  made  in  the  converter 
and  in  some  cases  as  cheap  as  with  the  open  hearth. 

The  Institution  of  Mechanical  Engineers.— An  ordinary  genei  nl 
meeting  will  be  held  in  the  Meeting  Hall  of  the  Institution, 
on  Friday  evening,  January  16th,  at  8  o'clock.  The  nomina- 
tion of  officers  for  election  at  the  annual  general  meeting  on 
February  20th  will  take  place,  and  a  paper  on  "  Commercial 
Tests  of  Internal-combustion  Engines/'  by  W.  A.  Tookev, 
will  be  read  and  discussed.  The  "  Thomas  Hawksley  " 
Lecture,  on  "  Water  as  a  Mechanical  Agent/'  by  Mr.  Edward 
B.  Ellington,  will  be  given  by  Mr.  Ellington  during  the 
current  inontli  as  follows  ：  Thursday,  January  22nd,  at  7-30 
p.m.,  in  the  Medical  Theatre  of  the  University,  Edmund 
Street,  Birmingham.  Wednesday,  January  28th3  at  7-30  p.m., 
in  the  Philosophical  Hall,  Park  Row,  Leeds.  Friday, 
January  30th,  at  8-0  p.m.，  in  the  Engineering  Theatre  of 
the  University,  Liverpool.  A  meeting  of  the  graduates  will 
he  held  on  Monday,  January  12th,  at  8-0  jLm, 


January  9，  1914J 


THE    MECHANICAL    EN (； IXIUvR. 


WORM  AND  WHEEL  DRIVES  * 

BY  E.  J.  LKES. 

While  iha  worm  and  wheel  have  been  ust'<l  lor  drives  more  or 
less  successfully  for  a  good  many  years,  iiuineious  tvsls  have 
born  made  wliich  prm't、  that  if  pi'o|HM-]y  inovuited,  ； nul  all 
materials,  ]ul>ricat ion ,  are  as  nearly  correct  as  possil 山'， 

； in  eflicienry  of  93  per  cent,  is  possible,  and  some  claims  are 
ma(l。  for  even  higher  than  tliis. 丄 11  view  of  this  it  see 川 s 
not  to  go  into  the  same  patlis  of  invest i^al ion  any  i'urt  her  than 
necessary,  but  k>  bring  out  if  possible  other  vital  points  which 
arc  inci(l(Milal,  not  only  in  1  lie  design,  but  in  the  tiuHiufact me. 

At  the  lngersoll  Milling  Machine  Company's  ])lani  ai 
llockford,  111.，  worms  and  wheels  have  been  successfully  used 
with  (Jiinensions  as  follows :  The  worm  is  5 Mn.  outside  (liani" 
1  Jin.  cirt-ular  pitch,  A  threads,  5in.  lead,  angle  of  18°  26', 
pn'ssur(>  angle  14^°,  the  depth  of  tooth  conforming  to  t  lie 
imrm;i】  |)it('li，  which  is  I'lSliin.,  making;  Hi©  whole  depUi  ol" 
tooth  about  ^in.  The  whe&ls  have  50  teeth  and  some  are 
made  of  hwnv/.v  of  1  lie  following  analysis :  Tin,  】2f;  lt'a<l， 
2'205  ；  copper,  84*(H)  ；  zim'，  J  '24  ；  phosphorus,  0'035.  These 
worms  of  steel  and  wheels  of  hrunzo  have  been  driving  t lie 
Iioi-i/,m»l al  cutter  sj)in(.lles  of  n  large'  milling  niachine  in  t\\e 
plant  for  Uie'  Uusl  14  years  without  boiii^r  replactM.! .  One  of 
the  steel  worms  and  a  cast-iron  worm  wlieel  liavo  been  operat- 
ing a  largo  screw  press  lor  l)ma('hing  and  inserting  teeth  in 
the  cutieifs  wliich  tliey  inauut'acture.  The  pulley  on  tlic  worm 
is  KSin.  diani.  and  has  a  lOin.  driving  belt.  Tliis  drive  has 
bo&n  in  continuous  us©  17  years  and  the  worm  who&l  seems  to 
be  in  good  shape  yet. 

From  the  above  it  is  reasonable  to  assume  that  a  worm 
wil li  a  thread  angle  from  17°  to*  43°  will  he  successful,  l>ul 
there1  is  one  feature1  that  must  be  taken  into  consideration, 
and  t  his  is  Uh'  j)reissure  angle'  of  tlie  thread.  As  the'  number 
ol'  llireads  u^ed  in  the  worm  is  increased  to  get  more  lead  and 
therefore  more  angle  of  thread,  the  pressure  angle  of  the 
loolli  should  also'  be  increased.  If  this  is  not  done,  the 
peculiar  warped  nature,  of  the'  worm  will  not  allow  very  much 
of  ilie  wheel  to  intersect  with  its  b&etli  and  will  undercut  them 
with  a  consequent  loss  of  surfacei  contact,  which  contact  should 
be  as  great  as  possible. 

Consider  a  blank  with  rings  on  it,  then  a  thread  ；  now  add 
otlier  threads,  and  the  angle'  of  thread  will  gradually  increase 
until  at  a  maximum  w©  have  a  spur  pinion,  threads  or  teeth 
having  changed  90°  and  at  either  extreme,  it  is  very  apparent 
that  there  will  be  no  efficiency  in  a  line  parallel  with  the  axis  ； 
and  in  regard  to'  tooth  contact  it  is  clear  that  as  the  threads 
increase  the  action  between  the  worm  and  wheel  will  be  less 
until  at  the  extreme  or  spur  pinion  all  the>  teeth  would  be  cut 
away  in  the  wheel.  Because  the  action  between  the  worm 
and  wheel  teeth  is  largely  sliding,  it  stands  to  reason  that  the 
area  of  contact-  in  th&se  teeth  is  governed  to  a  large  extent  by 
t  lio  ratio,  which  is  also'  controlled  by  the1  number  of  threads 
in  the  worm.  And  if  an  efficient  angle  is  used  the  width  of 
face'  of  the  wheel  must  be  narrower  as  the'  angle  increases  ； 
this  statement  is  made  assuming  the1  wheel  to'  conform  to  the 
worm  and  be  made  by  the  process  known  as  bobbing. 

If  the  face  is  made  too  wide  the  hob  will  cut  away  the  ends 
of  the  teeth  on  the  wheel  to  a  point,  but  the  greater  pressure 
angle  will  eliminate  this  to  some  extent  and  allow  more  width 
and  therefore  more  surface  contact.  To  my  mind  the  correct 
surface  contact  of  the  teeth  in  a  worm  and  wheel  is  a  most  vital 
point,  and  a  correct  design  may  be  spoiled  by  incorrect  contact 
of  the  teeth,  due  to  any  factor  in  their  manufacture  and 
assembly. 

In  gearing  in  general,  eccentricity  is  one  of  the  great 
sources  of  trouble  ；  this  must  be  guarded  against  in  making 
the  worm,  the  wheel,  and  especially  the  hob.  The  worm  wlieel 
must  not  onlv  run  t rue  on  its  pitch  diameter,  but  must  be 
bored  perfectly  true  and  not  run  out  sideways.  Designers  may 
differ  as  to  the  farm  of  tooth  to  use,  but  regardless  of  this 
whatever  form  is  used,  the  best  results  will  be  obtained  by 
】nakiiig  the  hob  in  identically  the  same  manner  as  the  worm 
is  going  to  be  made  ；  that  is,  as  far  as  the  tootli  form  is  con- 
cerned. After  this  outline  is  obtained,  of  course,  the  hob  may 
be  relieved,  but  the  relieving  tool  should  be  made  to  conform 
to  the  thread  as  made  on  the  worm,  working  to  the  normal 
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section.  I  nieution  this  because  so  many  hobs  are  ordered 
from  a  cutler  maker  who  ntakes  a  relieving  tool  for  a  lathe 
according  to  his  own  ideas,  and  at  the  same  time  some  slioj>  is 
producing  worms  with  threads  that  may  or  may  not  """li 
correr'tly  witli  a  wheel  cut  witli  a  hob.  Tlie  above  is  all  on 
II ic  bfisis  of  trying  to  ol)tain  the  maximum  iAYwittwy  ainl  Woes 
not  aj>ply  to  very  light  loads  aiul  inlcniiitU'iit  n<-i  ion . 

As  stated  before,  tlie  action  of  a  worm  aiul  wheel  wIm-ii 
tiansmitting  is  largely  a  sliding  contact,  and  for  all 
sliding  surfaces  used  in  macliiiie  tool  coiistiucUon ,  tin*  two 
surfaces  are  scraped  together,  and  as  a  rule  have  a  liberal  ui  oa  . 
The  wonn    and  wlieel,   on  rontrary,   are  suhj*i<-U*<l  to 

extreme  pressure  and  are  very  seldom  waped  logetlnT.  1 1 
the  cost  of  production  will  allow  this,  it  is  a  very  good  |>lan 
to  make  the  worm  as  perfect  as  possil)Ui  in  r(';'anl  to  coiiroii- 
tricity  and  uniformity  of  tci-t  li  in  size  and  indexing,  witli  a 
very  smooth  surface  after  hardening,  which  even  if  ^rounrl 
should  then  he  polished.  Tln'n  m;i"'  the  worm  and 
togellier  in  a  fixture  tliat  will  allow  of  centre  adjustnuMit,  and 
scrape  the  bronze  wheel  to  conform  to  the  worm,  usin^r  tli*: 
regular  lnethocls  of  red  leading  or  bluing  the  tliread  ol'  1  li*,- 
worm  to  find  ill©  contact  on  the  teeth  of  the  wlieel  to  !><• 
scraped .  The  above  appears  tu  he  ； i  rcfi tiement  which  will  he 
very  expensive,  but  when  you  stop  to  consider  tlie  cost 
inspecting  and  grinding  in  and  other  precautions  that  ； uc  u、'  'J 
in  comparison ,  probably  is  not  so  extreme  as  at  first'  in  a  v 
appear,  for  it  has  the  advantage  of  being  successful  ；  is  based 
on  the  contact  with  a  worm  whose  outline  can  be  defined,  and 
if  these  worms  ar©  exact  duplicates,  is  interchangeable,  a 
thing  Uiab  is  an  absolute  impossibility  by  any  method  ni 
lapping  or  grinding  where  two  surfaces  are  allowed  to  di;m;'*' 
ii a p hazard  in  the  process. 

The  need  of  intercliangeability  of  parts  man ufactured  in 
the  modern  shops  of  to-dav  has  been  1  In*  cause  of  t  ho  '1*'、.*小 卞 
nient  of  manufacturing  down  to  extreme  limits,  measuring  and 
testing  machines,  and  the  education  of  mechanics  who  are 
capable  of  producing  to  these  limits;  so  that  to-day  we  find  a 
machine  so  delicate  and  accurate  that  it  will  measure  the  halls 
used  in  a  ball  bearing  down  to  fractions  of  a  thousandtli  of  ； m 
inch,  and  ball  races  being  ground  so  accurately  that  all  t lie 
balls  may  do  their  share  of  the  work  and  therefore  make  t lio 
ball  thrust  a  success,  where  formerly  it  was  condem ned  on 
account  of  a  ball  crushing.  This  was  to  be  expected,  when  you 
consider  that  tlie  balls  varied  in  diameter  and  were  placed  in 
supposedly  parallel  bearings  so  that  when  the  large  ball 
came  to  the  tight  side  of  tlie  ball  race  it  alone  had  to  take  all 
the  thrust  and  either  crushed  or  scored  up  the  ball  race.  Now 
that  balls  are  made  uniform  and  double  spherical  seats  ； u'—' 
used  for  the  races,  this  is  all  eliminated 

The  question  might  consistently  be  asked  at  this  jx>int  why 
the  spherical  seats  of  tlie  machine  work  and  tlie  balls  are 
accurate,  and  the'  answer  is  that  the  burden  of  accuracv  is 
constantly  changing  and  at  the  present  time  is  up  to  the 
material  used  and  the  strenuous  work  the  mechanism  has  to 
do  will  often  create  a  flexibility  that  must  be  taken  care  of. 
This  brings  us  to  the  shafts  on  which  the  worm  and  wheel  are 
mounted  and  the  ball  bearings  used  here  should  be  of  the 
self-aligning  type,  as  this  will  readily  take  care  of  alignment 
and  flexibility. 

It  is  very  evident  that  the  ball  bearing  is  destined  to  be  a 
most  important  factor  in  the  success  of  the  worm  and  wheel  as 
a  drive.  That  the  friction  between  the  teeth  of  worm  and 
wheel  is  not  as  great  as  many  writers  believe  was  brought 
home  to  my  mind  the  first  time  I  saw  tlie  boom  of  a  loco- 
motive crane  revolve  the  worm  of  the  hoisting  mechanisin 
backward  through  the  worm  wheel. 

Elevator  manufacturers  use  the  worm  and  wlieel  to  a  lar»:e 
extent,  and  to  do  away  with  a  ball  bearing  thrust  one  has 
adopted  a  rather  ingenious  arrangement  in  which  each  motor 
drives  a  shaft  upon  which  is  securely  dowelled  a  riglit-liand 
and  a  left-hand  worm  that  mesh  with  two  worm  wheels,  one 
mounted  upon  the  drum  shaft  and  tlie  other  upon  the  idler 
shaft.  There  are  also  bolted  to  the  worm  wheels  two  straight 
gears,  which  are  larger  tlian  tlie  worm  wheels  and  mesh 
together.  The  motors  are  arranged  to  run  in  opposite  direc- 
tions, both  running  in  for  raising  or  out  for  lowering.  In  this 
way  there  is  no  side  thrust  on  the  drum  bearings,  and  the 
usual  end  thrust,  present  with  the  ordinary  arrangement  of 
worm  and  worm  wheel,  is  taken  care  of  by  the  two  worms 
mounted  upon  each  driving  shaft,  the  thrust  of  each  worm 
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just  balancing  that  of  the  other.  In  this  way  tlie  thrusts  and 
side  strains  are  so  nicely  balanced  that  the  item  of  friction, 
usually  a  heavy  one  in  this  type  of  gearing,  is  greatly  reduced . 

Some'  elevator  manufacturers  use  an  arrangement  some- 
what similar,  but  in  place  of  the  worm  wheels  with  spur  gears 
bolted  at  their  side,  use  two  large  helical  gears  right  and  left 
hand  meshing  together.  In  the  central  part  of  each  a  slight 
throat  has  been  hobbed  to  make  a  s&at  for  two  worms  to  mesh 
with  right  and  left  hand.  At  first  glance  it  looks  as  though 
it  would  b©  a  rather  hard  problem  to'  make  the  two  worms 
mesh  correctly  with  the  two  helical  gears,  because  the  two 
worms  are  cut  on  the  same  shaft.  But  on  further  inspection 
it  is  perfectly  clear  that  all  that  is  necessary  is  to  turn  the 
worms  around  until  the  lead  of  the  thread  brings  the  teeth 
of  the  wheel  opposite  the  space  in  the  worm  thread,  an  allow- 
ance being  made  in  the  over-all  length  of  thei  shaft  for  adjust- 
ment. Of  course  the  angle  of  the  teeth  in  tho  helical  gear 
must  be  the  same  angle  as  the  thread  of  the  worm,  so  that 
after  the  helical  gears  are  cut  they  can  be  hobbed  without  the 
hob  interfering  with  the  teeth  already  cut  and  yet  make  a 
correct  seat  with  which  the'  worm  may  mesh. 

In  summing  up  I  will  say  that  from  all  indications  the 
worm  and  wheel  as  a  drive  will  become  more  popular  and  more 
successful  when  it  is  thoroughly  understood  that  all  the  factors 
which  enter  into  its  design  and  manufacture  must  be  carefully 
looked  into.  There  is  certainly  no  doubt  that  the  manu- 
facturers of  machine  tools  are  doing  their  part  to  make 
machines  which ,  if  handled  properly,  will  produce  down  to 
limits  of  extreme  accuracy.  The  ball  bearings  which  are  now 
on  the  market  meet  the  requirements  demanded  of  thenn .  The 
measuring  machines  are  capable  of  measuring  down  finer  than 
required.  So  we'  might  conclude  by  saying  that  with  a  good 
design  and  manufacture  there  is  no  reason  why  the  worm  and 
wheel  as  a  drive  should  not  be  a  success. 


Melting  Point  of  the  Refractory  Oxides. ― The  U.S.  Bureau  of 
Standards,  of  Washington,  D.C.,  have  recently  determined, 
the  melting  point  of  the  refractory  oxides.  In  making  the 
determinations  the  greatest  difficulties  were  found  in  avoiding 
smoke  (which  would  give  low  temperature  readings)  and  the 
prevention  of  the  contamination  of  the  oxide  by  the'  material 
used  as  a  support.  The  magnesia,  was  melted  in  graphite,  the 
aluminium  in  graphite  and  in  tungsten,  the  chromium  oxide 
in  tungsten,  and  the  lime  in  tungsten.  The  results  obtained 
were  as  follows  : — 

Melting  Points. 

Cen.  Fah. 
Magnesium  oxide  (Magnesia) …- 2,800°    ...  5,072° 

Calcium  oxide  (Lime)    2,572°    ...  4,661° 

Aluminium  oxide  (Alumina)           2,050°    …  3,722° 

Chromium  oxide   1,990°    …  3,614° 

The  Aeroplane  Engine— A  paper  on  aero  engines  was  recently 
read  by  Mr.  Granville  E.  Bradshaw,  in  the  Engineers'  and 
Shipbuilders'  Institute,  Glasgow.  There  was,  he  remarked, 
probably  no  form  of  prime  mover  in  existence  that  was  more 
highly  stressed  or  that  had  a  more  strenuous  life  than  the 
aero  engine,  and  there  was  undoubtedly  no  engine  that  had 
greater  claims  on  reliability.  These  facts  at  one©  suggested 
that  the  aero  engine  required  greater  accuracy  of  design, 
wider  knowledge  of  the  properties  of  the  materials  available 
for  the  construction  of  such  engines,  and  the  highest  possible 
workmanship  that  could  be  obtained.  It  had  been  said  that 
the  modern  aeroplane,  although  not  by  any  means  perfect,  had 
already  reached  the  stage  of  efficiency,  so  that  extreme 
I  i^htness  of  the  power  plant  was  no  longer  necessary  to  the 
evolution  of  the  successful  flying  machine.  This  form  of  argu- 
ment invariably  came  from  those  who  had  very  little,  if  any, 
practical  experience  in  aeroplane  design,  construction,  or  pilot- 
ing. The  aeroplane  manufacturer's  cry  for  the  extremely  light 
engine  was  probably  greater  to-day  than  it  liad  ever  been  in  tlie 
history  of  aviation.  The  first  essential  feature ― namely,  that 
an  aeroplane  should  climb  quickly ― depended  almost  en ti rely 
on  the  weight  efficiency  of  the  engine.  Another  essential ― 
that  it  should  have  a  combination  of  fast  and  slow  flying 
speeds ― was  one  of  paramount  importance,  and  one  that  aero- 
plarre  constructors  were  paying  probably  the  greatest 
amount  of  attention  to.  The  capabilities  of  a  machine  to  fly 
slowly  as  well  as  fast  depended  almost  entirely  on  the 
adoption  of  an  extremely  light  and  powerful  engine. 


JUNKERS'  COAL  CALORIMETER. 

A  method  of  measuring  the  heating  value  of  fuels,  and  a  calori- 
meter for  carrying  out  this  method,  which  enables  the  calorific 
value  of  fuels  to  be  determined  with  sufficient  accuracy  in  such  a 
simple  manner  that  the  apparatus  can  be  operated  by  any  intelli- 
gent workman,  has  recently  been  patented  by  Prof.  Hugo  Junkers, 
of    Frankenburg,    Bismarckstrasse,    Aachen,    Germany.  Tlie 


Fig.      Junkers'  Coal  Calorimeter. 


method  consists  in  using  a  calorimetric  vessel  filled  with  a  definite 
quantity  of  liquid  and  allowing  the  hot  gases  given  off  during  the 
combustion  of  the  fuel  to  flow  past  heating  surfaces  which  trans- 
mit the  heat  of  the  gases  completely  to  the  liquid  contained  in  the 
calorimeter.  The  measurement  of  the  heat,  which  when  divided 
by  the  weight  of  fuel  consumed  gives  the  heating  value  sought,  is 
performed  by  means  of  a  special  measuring  device  wliich  is 
attached  to  the  calorimeter  and  measures  the  increase  in  voluim' 
sustained  by  the  liquid  in  consequence  of  the  heating  of  same.  In 
order  that  this  increase  in  volume  may  bear  a  constant  ratio  to 
the  amount  of  heat  taken  up  by  the  liquid,  which  ratio,  used  as  a 
multiplier,  gives  this  amount  of  heat,  use  is  made  of  such  a  liquid 
as  possesses  a  coefficient  of  expansion  which  is  independent  of  the 
temperature  and  remains  constant  within  the  limits  of  tempera- 
ture coming  under  consideration.  According  to  the  researches  of 
Prof.  Junkers,  petroleum  is  admirably  adapted  for  carrying  out 
the  method,  since  its  coefficient  of  expansion  is  constant  at  all  the 
temperatures  coming  under  consideration.  The  determination 
of  the  heating  value  is  performed  in  an  extremely  simple  manner 
by  reading  off  the  height  of  the  liquid  in  the  measuring  tube  of 
the  calorimeter  before  and  after  the  experiment,  multiplying  the 
difference  by  a  constant  and  dividing  the  product  by  the  amount 
of  fuel  consumed.  The  only  correction  needed  in  any  event 
would  be  for  the  exchange  of  heat  with  the  environment,  and  this 
could  be  determined  in  a  very  simple  manner,  but  it  has  been 
found  that  this  r"rr,'('ti(»n  may  \w  neglected  if  the  quantity  of 
liquid  contained  in  t lie  apparatus  is  so  lar^o  in  lvlation  to  the 
ainount  of  lucl  (  (nisinned  that  ilie  liquid  is  only  sli*>;litlv  heated 
by  the  combustion.  In  order  to  keep  the  difference  in  tempera- 
ture between  the  liquid  and  the  room  as  small  as  possil>l»、  t  In- 
liquid  can  be  adjusted  to  a. 山1 siml  ttMii]>eratuie  heforo  (、a('li 
experiment,  by  means  of  a  special  device,  when  it  is  not  desired 
to  wait  for  the  very  long  time  】iecessai 了，  in  the  case  of  well-insu- 
lated apparatus,  for  the  temperature  to  equalise  naturally. 
Two  examples  of  the  device  are  shown  in  Figs.  1  ar.cl  2.  In 
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Fig.  1，  A  is  flic  caloriinctcr  vessel  coiit  ainiii^  I  In'  Kicasurin^ 
litjuid  ；  H  the  coinlmstion  sliat't ,  in  wliicli  Hi(、  liot  <iiiscs  lilx'ratcd 
by  the  conihust  ion  ui  t  lie  lui'l  in  the  burner,  (',  ； i,s(  ''ii(l  in  older  to 
pass  down  ward  a^jnn  t  lirou^h  t  lir  licul  in<»  passages  I )  and  <',sc;i|H- 
throu*>li  t  Ik'  cxlumst  outlet  Tli(、  comhust  ion  shaft   H  ；' ml 

hciitin<i  |>ass;i<itks  arc  provided  w i 1 1 1  heat  cxclianiiin"  devices 
which  ensure  complete  transmission  of  the  generated  l"'af  to  tli，' 
measuring  liquid.  Tlio  hoat  is  taken  up  Irum  1  lie  ^ascs  hy  '二 ills 
iu  ran^'cd  in  the  licat  ing  |>;is'sw  I )  and  is  ven  oil'  t<i  t  lie  nn'asui  in^ 
litjuid  inainiy  tlmtugli  gills  K 卩 mj('(.fing  into  t  hat  liquid.  A  nunc 
acl  ivc  circtihil  i<m 川' tlir  liquid,  and  flicn'fuiv  an  i  niprovcd  1 1  iins 
mission  of  heat  to  tl:('  sai»K%  arc  obt ained  hy  moans  of  the  jacket 
(； wliicli  suriduiuls  tlic  gills.  A  glass  tube  H  fitted  wit li  ； i  scale 
； ui(l  mnunird  on  t  In1  to])  of  llu1  ； i|)|)iiratus,  is  provided  ior 
measuring  I  lie  iiu  rcasc  in  the  volumr  of  tin1  nicasurin^  liquid. 
Special  licat  cxclian^in^  devices  arc  provided  『（". ； ul justing  1  lie 
initial  tci»i|>(M';if urc  of  i lie  m('"siu'ing  liquid.  Kor  this  purpose 
llicrc  is  pruvided  a  cdilcd  t  ul>c  ,1  (cnninMtiiiu,  in  (-(Hinrct  ions  K 
；' ml  Ji  !  Inou^li  wliicli  t  uhc  a,  cooling  or  hcaf  in^;  medium  is  |>;iss(mI 
as  rrqiiii  Tlic  actual  ('； ilorimc"".  vessel  A  is  sunouinl)  <l  Wy 
an  insulating  jiick(it  M  to  prevent  ladiation  ul'  licat . 

Ki<i.  2  illustrates  a  modiiication  of  1  lie  app;ir;itus  in  whicli 
； inol  her  ari'iui^cnu'iit  is  adopted  lor  transmitting  (lie  Itcat  of  t  lie 
,u;is<\s  (tf  ('(H)il>U8tiou  ">  tlic  iiR'iisuring  liquid.  Merc  the  cxcliun^c 
o\  licat  is  cllVclcd  l>v  licai  in<>  tubes  T  connnunicat  inu  with  t  In* 
comhust  ion  passage  l>  and  surrouiulcd  hy  the  uicasm  iii^  liquid. 
The  gas(is  of  coinbustidii  passing  ironi  ； ilmvr  down  ward  tlirou^li 
I  licso  liraling  tubes,  give  up  tlie  whole  of  thoir  licat  to  tl;c  nu'a.Mir- 
inji  sunouiuling  tlic  tul)C8  T.     Kor  lnrasurin^  tlio  cx])ansi(in 

of  tlic  liquid,  tins  apparatus  is  provided  with  ;ui  chistic  mcDihranc 
P  I  In'  mov("u<'iit  of  wliicli  is  transmit  "'(1,  l)v  mr;ins  of  tlir  pinion 
U<';ir  (),  to  Hi''  |)oint<'i'  K,  tlx1  ])<)sition  of  wliicli  ciui  he  read  oiT  on 
1li(、  scalo  S.  In  place  (»f  ihv  ascending  tuln1  shown  in  Fig.  I  t  lir 
； ipparat  us  shown  in  Fig.  2  is  provided  with  ； i  cock  0  wliicli  is 
cI<ks(h1  wImmi  I  ]\v  ;t])|>;u';it  us  lias  horn  iillcd.  and  pr'wnls  air  from 
entering  and  I  lie  liquid  from  oscii])in^. 


Fig.  2.— Junkkrs'  Coal  CaijOBimkteb. 


TIi"  calorimeters  must,  in  all  cases,  lx*  n'a(l,>  in  such  a  way  that 
'm  air  l>ul>l»l(\s.  wliicli  would  impair  accuracy  of  tli(>  rosults, 
ciui  adh<M  o  in  any  part  of  the  chamber  containing  the  liquid.  This 
result  can  be  attained  for  example  by  the  conical  or  domed  shape 
given  to  tlio  top  of  tlio  nieasuring  v(»ssol  in  the  examples  shown. 
One  and  the  same  apparatus  may  hv  used  for  the  caloi'imetr"' 
oxamination  of  solid,  liquid  and  gaseous  fuels,  all  that  is  necossary 
being  to  provide  a  burner  suitable  for  the  kind  of  furl  to  be 
oxa mined  in  eiu*h  case. 


THE  BRITISH  COAL  INDUSTRY. 

All:.  Wai/iki;  1!ai:(;i:ka vks,  in  presidential  add re»  to  tlx- 
Midland  Institute  of  Mining,  Civil,  and  Merliaiiical  Eiigiii''  r 
recently  iield  at  Leeds,  said  that  the  coal  iiulustry  liad  enjoyed 
a  remarkable  spell  of  prosperity,  despite  detrimental  '' 
and  tlie  subsidence  of  the  general  trade  boom,  whir-li  now  was 
"lowing  signs  of  coming  to  a  prematuri  end.  Tlie  cost  of  pro- 
duction had  been  greatly  increased  by  recerit  industrial  — 
)«tion,  by  large  advances  in  prices  of  every  kind  of  stores,  ami 
by  the  advances  in  miners'  、va"'es，  whicli  were  never  -so  high 
as  to-day,  and  which  absorbed  by  far  the  greater  part  of  the 
revenue  arising  from  coal-mining  operations.  The  lii 乂 hf'r 
wages  earned  by  miners  Iwul  im(h 川 l>"'dlv  itu-liucW  tlu-m  to 
work  shorter  time,  and  this  irirliiiation  had  been  f'li'oiirw'l 
in  many  districts  by  the  wrongful  interpretation  of  a  rule  in 
tlie  Minirnuni  Wage  Act,  by  which  ； i  workman  \\\\o  attends 
80  per  cent,  of  the  days  the  mine  worked  in  any  week  did  not 
forfeit  his  right  to  the  benefit  of  the  Act . 

During  the  past  year  the  coal  industry  liad  jnohfihlv 
operating  at  not  more  than  75  per  cent,  of  its  full  product  ivc 
capacity,  and  that  in  the  same  period  the  cost  j>er  ton  ot  <-oi\\ 
had  increased  more  rapicllv  than  ever  before  known.  Tlie 
boom  in  trade,  with  a  consequent  advance  in  selling  price-, 
had  for  the  moment  submerged  tlie  fact  ot'  tlii>  watlv- 
increased  cost  of  production,  but  much  of  this  increase  woul'l 
be  found  to  be  permanent.  If  costs  of  production  were 
reflected  in  selling  prices  of  coal ― and  surely  tliey  were ~ then 
we  might  say  tliat,  despite  all  the  progress  wliicli  had 
made  in  the  scientific  riiining  of  coal  during  tlie  |>crio(l  in 
question,  the  cost  of  prodiK'tion  had  gone  up  over  100  per  cent . . 
and  this,  lie  believed,  was  borne  out  in  actual  practice. 

I  n  reviewing  the  steps  taken  towards  greater  safetv,  Mr. 
] largreaves  said  so  long  as  they  liad  mines  they  would  lwi v*- 
gas  and  coal-dust,  and  for  the  purpose  of  working  tlie  mines 
tliev  must  use  artificial  lights.  He  believed  tliev  liad  entered 
on  a  new  era  in  tlie  lighting  of  the  working  places  of  the  mint's 
with  the  electric  lamp,  and  lie  outlined  other  pro  visions 
； i^ainst.  accidents,  but  it  was  undoubtedly  to  the  workman 
himself  tliey  must  look  if  they  were  to  see  the  mortality  taljh's 
i'urtlier  improved.  Official  figures  showed  there  liad  been  ； i 
steady  decrease  in  the  loss  of  life  per  1  ，000  men  employed,  the 
rate  for  the  five  years  ending  1910  being  14 1(5  per  1 ,000,  thus 
reaching  the  low-water  mark.  Tlio  disastiMs  of  this  year  won  Id 
(lui 山 tless  raise  the  average  ； i"r;""，  but  it  was,  of  course,  onl v 
l>v  taking  a  coinparativelv  long  period  of  years  tliat  the  ]>ro 
gress  made  could  he  accurately  gauged.  Witli  regard  to  the 
general  healthiness  of  the  worker,  coal-mining,  lie  said,  was 
one  of  the  healthiest  occupations  upon  which  a  workman  roiikl 
enter. 

Tliere  was  no  disguising  the  fact  that  tliey  were  suffering 
irom  a  ]>letliora  of  legislation.  The  Workmen's  Compensation 
Act  and  the  National  Insurance  Act  had  given  rise  to  ； i 
serious  amount  of  malingering ― a  mean  and  disgraceful  pra«- 
tice  which  was  always  difficult  and  sometimes  impossible  to 
detect.  Discussing  the  Minimum  Wage  Act,  Mr.  I  largreaves 
said  :  It  was  law,  of  course,  and  we  had  to  make  the  best  of 
it,  but  there  could  be  no  doubt  that  it  had  operated  to  the 
detriment  of  many  collieries,  while  the  miners  were  no  more 
contented  than  they  were  before  the  great  strike  of  1912,  wliicli 
brou^lit  it  about.  The  men  were  dissatisfied  with  most  of  tlie 
awards  under  it,  and  the  Miners'  Federation  of  Great  Britain . 
judging  by  its  Scarborough  progrannne,  regarded  it  as  only 
an  earnest  of  what  was  to  come.  Wliat  the  Act  was  costing 
the  coal  industry  at  the  present  time  it  was  tlifiicult  to  a>rer- 
tain  with  any  amount  of  precision,  but  it  was  certain  that  the 
country  ^enerallv  still  regarded  the  principle  with  iiiis^ivin^'. 
Already  they  had  rules  and  regulations  innumerable ― so  many 
indeed  that  the  unhappy  colliery  manager  in  his  efforts  to 
grasp  them  all  might  well  fail  to  get  a  real  grip  of  the  prin- 
ciple of  some.  There  seemed  to  be  great  danger  of  tlie  indus- 
try being  bound  in  red-tape  fetters,  if  it  was  not  in  that  con- 
dition already. 

During  the  year  a  good  deal  had  been  heard  concerning 
oil  fuel,  and  special  prominence  was  given  to  the  question  by 
the  announcement  of  the  First  Lord  of  the  Atliniraltv  of  the 
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ilccision  to  build  not  only  small  but  large  warships  in  which 
oil  would  take  the  place  of  coal  as  a  motive  power.  The 
Welsh  coalfield  would  be  most  affected,  although  a  consider- 
able quantity  of  north  country  coal  was  used  for  naval  pur- 
poses. It  was  computed  that  the  Admiralty  bought  about 
2,000,000  tons  |'t'r  aiinutn  of  all  sorbs,  and  might  coiisc([u«'til  1  v 
be  looked  upon  as  good  customers.  In  the  case  of  warships 
speed  was  the  doniiiiant  factor,  and  cost  was  of  no 
account  ；  but  in  the  case  of  tramp  "  steamers,  and,  in  fact, 
of  all  users  of  power  on  either  sea  or  land,  cost  was  the  prin- 
cipal consideration.  But  if  there  was  a  general  move  in  the 
direction  of  oil,  where  was  the  oil  to  come  from  ？  The  world's 
production  of  coal  was  1,200,000,000  tons  per  annum,  while 
the  world's  production  of  oil  was  50,000,000,  and  if  any  great 
increase  in  the  demand  for  oil  fuel  took  place,  it  would  be 
very  soon  accompanied  by  advances  in  prices,  on  the  principle 
that  an  article  was  worth  just  what  it  would  fetch  in  the  open 
market.  He  took  it,  therefore,  that  the  coal  industry  in  our 
day,  at  all  events,  need  have  no  serious  alarm  for  its  future 
;i、  tlireatened  by  oil.  Since  at  a  conservative  estimate  they 
had  another  400  years  to  run  before  exhaustion  came  in  sight, 
he  did  not  think  that  they  need  be  much  troubled  on  that 
score. 

It  was  his  belief  that  the  coal  industry  of  this  country  and 
the  mining  engineer  still  had  a  great  future  before  theni , 
although  tlie  day  of  cheap  coal，  as  the  term  was  understood 
30  years  ago,  had  gone  never  to  return.  There  had  been 
great  changes  in  the  past,  and  they  must  look  for  further 
great  changes  in  the  future,  particularly  in  regard  to  the  by- 
product industry.  It  had  grown  by  leaps  and  bounds  of 
recent  years,  and  was  now  a  valued  and  trusted  auxiliary  of 
the  coal-owner.  It  might  be  that  the  British  coalfields  would 
come  to  be  regarded  as  oilfields  rather  than  coalfields,  that 
the  by-products  would  be  considered  as  of  primary  import- 
ance, and  the  coal  itself  valued  mainly  as  the  basis  of  them. 
Already  attempts  had  been  made  to  induce  the  householder  to 
substitute  coke  for  coal  on  the  domestic  h earthy  and  the  gas 
companies  were  endeavouring  to  promote  its  use  under  boilers 
in  London  and  elsewhere. 


CORRESPONDENCE. 

"Thermo-electric,"  '* Thcrmo-pncumatic,M  and  14  Internal- 
combustion  *f  Railway  Locomotives. 

To  the  Editor  of  "  The  Mechanical  Engineer," 

Sir, ― I  note  you  refer  to  my  recent  letter  in  th©  "  Times' 
Engineering  Supplement n  concerning  the  "Paragon"  and 
the  "  Standard  "  types  of  "  thermo-electric  "  locomotives. 
May  I  add  that  I  have  chosen  the  name  "thermo-electric" 
as  being  in  my  opinion  the  right  name  to  use  in  the  case  of 
using  electric  transmission  from  the  internal-combustion 
engine  to  the  axles.  Recent  tests  in  Germany  show  that 
fairly  good  results  have  been  obtained,  but  not  what  loco- 
motive men  call  proper  commercial  results,  from  a  "  therino- 
pneumatic  "  railway  locomotive.  I  believe  that  this  locomo- 
tive was  described  in  one  of  your  previous  issues.  It  starts 
and  runs  up  to  about  six  miles  per  hour  as  a  u  thermo-pneu- 
rnatic  ，，  locomotive,  and  then  operates  as  an  "  internal-com- 
bustion " locomotive.  It  appears  to  me  a  very  unsatisfactory 
design,  because  it  is  well  known  that  it  is  at  starting  and 
during  the  period  of  acceleration  that  generally  most  power 
is  required.  Yet  in  this  German  design  of  "  thernio-pneu- 
matic "  locomotive  (it  is  not  a  real  internal-combustion 
locomotive),  we  find  that  for  starting  and  acceleration  of  the 
train  up  to  about  six  miles  per  hour  we  have  the  main  engines 
operating  compressed-air  motors  supplied  with  energy  by 
； I  'JT.o  h.p.  air  pump,  which  is  driven  by  a  separately-installed 
internal-combustion  engine.  Not  only  is  there  no  relative 
gear  ratio  between  this  pump  and  the  piston  area  on  the 
main  engines,  but  tlie  locomotive  is  "  time  ，，  limited  as  regards 
power,  for  the  power  transmission  efficiency,  when  operating 
under  air  pressure  alone,  cannot  be  much  liiglier  i  lian,  say, 
50  to  60  per  cent.,  especially  when  taking  into  account  the 
waste  that  takes  place  in  putting  air  under  very  liigh  com- 
pression in  storage  bottles  for  expansion  in  power  production  ； 
further,  the  high  pressure  air  essential  for  providing  high 


torque  for  starting  and  acceleration  being  used  in  the  rela- 
tively small  volume  cylinders  essential  in  the  main  motors, 
when  operating  under  actual  fuel  conditions,  requires  the  air 
pressure  kept  on  for  most  of  the  stroke,  as  in  the  case 
of  a  steam  locomotive,  to  get  a  high  mean  effective  pressure 
practically  no  expansion,  with  its  economy,  is  possible,  and 
with  the  exception  of  the  time  at  which  the  locomotive  is 
operating  on  oil  fuel  direct,  such  as,  for  instance,  when 
travelling  above  six  miles  per  hour,  I  fail  to  see  where  the 
economy  can  possibly  be  shown  as  compared  with  a  super- 
heated and  possibly  compounded  steam  railway  locomotive. 
The  design  shows  on ly  two  axles  are  driving  axles,  and  this 
is,  I  consider,  hardly  progressive,  compared  with  our  electrical 
friends,  who  have  undoubtedly  proved  that  a  tractive  effort 
of  something  like  one-tliircl  of  th©  total  weight  of  the  electric 
locomotive  is  practical  and  at  work,  but  no  doubt  this  high 
efficiency  is  due  to  the  extremely  even  and  high  starting  and 
running  torque  which  is  delivered  by  the  electric  motors, 
which  are  usually  fitted  (as  in  my  design  "  thermo-electric  ，， 
locomotives)  on  all  axles,  in  order  that  the  total  weight  can  be 
utilised  for  adhesion,  so  essential  in  these  days  of  heavy 
haulage  work,  and  especially  in  freight-train  operation  on 
mountain  divisions.  In  my  opinion  it  would  have  been  much 
more  efficient  if  the  constructors  of  the  "  tlierino-pneumatic  " 
locomotive  had  used  electrical  power  transmission  from  the 
auxiliary  engine  to  all  the  axles,  and  then  to  have  used  the 
direct  fu^l  after  getting,  say,  their  six  miles  per  hour.  They 
could,  of  course,  have  used  both  methods  when  the  locomotive 
was  travelling  above  the  six  miles  per  hour.  I  am  certain 
that  they  would  have  got  a  much  more  rapid  and  easier 
acceleration  than  with  the  present  method,  with  all  its  com" 
plicated  operation.  It  is  my  opinion,  and  which  opinion  is 
based  on  a  good  deal  of  practical  work,  in  the  design  and 
construction  of  self-contained  and  self-propelled  vehicles,  that 
the  best  "  mechanical  "  as  well  as  the  best  "  commercial  ，，  job 
is  the  one  which  I  have  now  in  hand,  in  which 
the  in  te  r  n  al-c  o  ni  bu  s  tion  engine  is  always  running  at 
its  maximum  speed,  thus  using  the  fuel  at  the  best 
economy,  and  for  the  purpose  of  starting  and  acceleration  the 
total  number  of  efficient  power  strokes  of  the  engine  is 
available,  th©  increased  gear  ratio  and  increase  in  torque 
being  obtained,  by  means  of  the  induction  motors,  by  change 
in  the  frequency  in  the  supply  (polyphase  alternating  current) 
and  the  pole  ratio  in  the  axle  motors,  with  the  most  simple 
and  rapid  control,  without  the  messing  about  with  change 
of  mixtures,  as  is  essential  in  connection  with  the  combined 
" ther  mo-pn  eu  m  a  tic  "  locomotive. 

The  "Paragon"  Locomotives. ― These  alternatiug-current 
" thermo-electric  "  locomotives  are  at  present  being  designed 
for  use  on  an  important  colonial  railway,  with  squirrel-cage 
induction  motors  wound  for  two  polarities  or  speeds  on  each 
of  the  three  frequencies  at  which  the  generating  plant  sup- 
plies, thus,  six  efficient  speeds  are  given  in  either  direction  at 
constant  engine  revolution  speed,  the  prime  mover  being  in 
this  instance  (although  other  types  of  engines  are  equally 
applicable)  a  Diesel  type  of  "  constant>pressure  internal- 
combustion  engine/'  using  a  fairly  heavy  residue  oil.  These 
squirrel- cage  locomotives  are  very  strong  and  simple,  and  are 
quite  suitable  for  railways  where  grades  are  not  too  severe, 
and  where  separate  locomotives  can  be  used  for  slow-speed 
freight  work,  and  with  larger  diameter  wheels  for  passenger 
service  at  high  speed.  But  in  cases  where  it  is  desirable  to 
use  the  same  locomotives  for  both  passenger  and  freight, 
work,  the  design  of  the  electrical  plant  as  regards  the  axle 
motors  and  control  gear  is  different.  In  the  latter  case,  no 
less  than  17  running  speeds  are  given  at  constant  engine 
speed,  with  three  frequencies  on  the  polyphase  current  supply, 
and  arranging  that  botli  the  motor  stators  and  the  rotors  are 
supplied  with  equal  or  different  frequency  current,  and  in 
multiple  series  or  parallel  connection,  aiul  without  using 
wasteful  regulating  resistances  the  above  speeds  are  rapidly 
i^i ven  aiul  controlled  from  either  end  of  the  locomotive,  just  as 
**;isv  to  drive  as  a  simple  tramcar.  Tn  the  case  of  the  2,000  li.p. 
locomotives  referred  to,  in  wliicli  double-acting  gas  engines 
are  embodied,  the  gas  used  is  a  fixed  gas  made  from  extremely 
rough  and  heavy  residue  oil.  It  is  an  oil  that  could  not  be 
used  direct  in  a  Die&el  engine,  and  has  a  specific  gravity  of 
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•950,  the  water  in  which  do€s  not  exceed  2  per  cent.,  the 
sulpliur  about  4  per  cent.,  and  the  calorific  value  is  ahoul- 
19,000  B.T.U.  per  pound,  which  fuel  costs  25s.  per  ton  deli- 
vered on  the  spot,  whereas  an  oil  suitable  for  using  in  ； l  Diesel 
cycle  engine  would  cost  about  60s.  to  70s.  per  ton,  quite  apart, 
froin  the  fact  that  these  double-acting  six-cylinder  gas  "ngim's 
require  no  flywheel,  which  is  an  advantage  from  inany 
aspects.  It  was  this  question  of  fuel  cost  which  really  decide*! 
the  matter  as  to  the  type  of  prime  mover  I  proposed  in  this 
instance. 

Real  f  {Internal-ro/ft  b  nation ' '  Locomof  i rt.s. ― In  certain  cases 
and  for  use  anywhere,  where  ordinary  steam  locomotives  an' 
giving  satisfactory  mechanical  duty,  but  where  the  great  effi- 
ciency and  consequent  haulage  fuel  economy  is  desired,  a  real 
int-ernal-combustion  system  for  locomotives  is  embodied  in 
my  "  Invicta  ，，  railway  locomotives.  In  this  case  fuel  and  not 
compressed  air  is  used  for  starting  and  accelerating  trains,  all 
wheels  are  driving  wheels,  single-acting  cylinders  are  used, 
； Hid  although  reasonable  piston  speeds  are  u  actually  "  used, 
tho  method  of  operation  gives  the  advantages  of  very  liigh 
piston  speeds  (a  point  which  will  be  appreciated  by  all 
designers  of  internal-combustion  engines),  the  torque  regula- 
tion is  obtained  by  supply  of  air  and  fuel  in  variable  quan- 
tities according  to  operating  conditions,  and  the  special  cycle 
used  is  novel  and  embodied  in  my  invention  of  1912,  in  which 
the  detrimental  effect  of  altitude  is  overcome,  insomuch  that 
it  becomes  possible  that  these  locomotives  will  pull  as  heavy- 
trains  at  an  altitude  of  9,000ft.  as  they  will  on  sea  level,  an 
engineering  accomplishment  of  no  mean  order,  especially 
when  bearing  in  mind  that  approximately  for  every  328ft. 
rise  an  ordinary  internal-combustion  engine'  loses  about  1 
per  cent,  of  its  power.  At  the  same  time,  cumbersome  ex- 
haust boxes  are  not  used,  nor  are  they  wanted,  because  the 
expansion  is  taken  practically  down  to  the  pressure  of  the 
atmosphere,  and  the  exhaust  is  therefore  practically  silent, 
and  the  heat  and  pressure  usually  giveu  as  waste  to  the  atmo- 
sphere is  utilised  in  actual  work.  Recent  tests  have  proved 
tliat  with  this  cycle  of  operation  more  horsepower  is  obtained 
from  a  given  amount  of  fuel  than  probably  any  other  internal- 
combustion  engine  on  the  market  to - day.  It  certainly  is 
ideal  for  locomotive  practice,  and  by  reason  of  its  higher 
thermal  efficiency  requires  less  amount  of  water  for  cooling 
purposes,  which  in  certain  cases  of  internal-combustion  loco- 
motive design,  and  with  certain  high  atmospheric  tem- 
peratures to  be  dealt  with  in  hot  climates  is  a  material 
advantage  from  the  cooling  radiator  point  of  view,  in  high 
teitiperature  climates  the  disposal  of  the  jacket  heat  los&es  is 
a  problem  of  great  difficulty  which  is  faced  by  all  internal- 
combustion  locomotive  designers,  and  this  special  cycle  of 
internal  combustion  of  fuel  offers  many  practical  advantages. 

The  "Standard"  f ' Th ermo-electric11  R a il wa //  Lorott/ofi r r s . 
-— These  special-design  locomotives  have  very  important  elec- 
tro-mechanical features,  but  patent  law  does  not  permit  me 
to  say  much  at  present,  but  your  readers  can  believe  me  that, 
as  machines  for  the  production  of  tractive  effort  for  railway 
or  roadway  train  haulage  work,  they  are  the  production  of 
many  years  of  practical  experience,  and  that  they  will  prove 
tliat  the  principle  of  "internal  combustion  "  in  the  place  nf 
" external  combustion  "  has  come  to  stay. 

I  helieve  1914  will  see  some  i  adical  changes  in  railway 
haulage  work  in  the  direction  of  the  utilisation  of  th©  internal- 
comhustion  principles,  which  will  benefit  mankind  in  general 
― Yours  respectfully, 

William  P.  Durtnall, 

Member  Inst.  Locomotive  Engineers. 
London. 

December  27th,  1913. 


Lectures  on  Electricity  Generating  Stations. -— In  conneclion  with 
the  departments  of  electrical  and  niechanical  en^ineerincr  of 
tlie  Battersea  Polyt^clinic  a  course  of  advanced  lectures  on 
generating  stations  will  he  delivered  hv  \V.  II.  Patcliell, 
M.T.C.E.,  M.T.E.E.,  on  Mondays,  January  19th,  2Gt1i,  Feb- 
ruary 2nd,  9th,  16th,  1914，  at  7-30  p.m."  The  lectures  are 
intended  for  advanced  students,  and  admission  will  be  free, 
no  tickets  being  required. 


INDUSTRIAL  AND  TRADE  NOTES. 

Cumberland   Iron-Trade   Depression.  -    l:、  "I    t       小  pfrnn^ 

(lc|)rcssi(>ii  in  tlie  ('iimU'rhi  lirinatitr  it  on  。'； "I"  lias  lw'，'ii 
1  uniisliod  l>y  ilio  (lamping  (low  n  ol  tin*  tu o  t，mia(  ''、  w  Iik  Ii  、w*r'' 
in  blast  last  week  at  tin*  Dist  i  n^ton  I  ronw  oi  ks.  Tl"、 卜 t  in-  in  -i 
timo  siiu'o  tho  coii I  strik(»  tliat  both  iuniiifi-s  liavc  j*ut  off 

l>Iast.  A  fnrnac;*  is  also  to  I"'  (lamped  <lou  n  at  tl"'  (  (，ml,i，i''、 
Solw  iiy  Work's  at  M  aryi>ort. 

Oil  for  the  Navy. —— Tin-  Ailmiialt y  [Hoposr  to  nn  l  oil  fuel  lank-  ,i 霄 
lilackiH\ss,  on  tin*  Kirtli  oi'  Kortli.  Bl;"'k n*'、、.  u  Iik  Ii  is  in  tlie 
vicinity  of  tho  l^osyth  naval  I, as",  and  is  u  itliin  ('； isv  rc;i<  h  "i 
practically  all  tl"'  r，'fi"(>r"'s  oi  tlir  S'oiti、li  initicial  oil  ('o"'pai"''、. 
】t  is  statod  that  tlie  proposal  is  to  coiiiicci  tlie  dopot  、、itli  tin- 
ivtiiuM'ies  l)v  nirans  of  pipe  lines,  thus  c]ial>liii<{  tl"'  oil  to  he 
|)Uin|)c<l  almost  directly  t roin  tlm  rt'fiiH'rirs  into  t In-  oil  tanks  oj 
the  war  vessels. 


Prices  per  Ton  of  Standard  Copper,  July  to  December,  1913. 
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Shipbuilding  in  Canada.  M(、、r、  Yarn'w  &  (、'..  S'  ''t、，''im. 
acquired  a  site  at  North  Vancouver  with  the  view  to  the 
establishment  of  a  shipyard.  Messrs.  Yarrow  hope  to  secure  con- 
tracts for  the  construction  of  small  warships  for  the  Dominion 
Government,  but  the  firm  is  acting  entirely  upon  it  own  initiative, 
and  is  largely  influenced  by  the  conviction  that  the  opening  of  the 
Panama  Canal  will  give  a  treniendous  impoius  to  the  shipl>uiklinjj; 
industry  on  the  Pacific  Coast. 

Mather  &  Piatt's  Turbine  Pump.  A、  ''  have  iv(+('iv"d  1 1 om  -、 l"、、i、 
Mather  &  Piatt,  Ltd.,  jVlanohfstcr.  an  interesting  cardboard 
model  illustrating  the  action  ot  their  well  known  tu rbine  punip. 
Operation  of  the  pump  and  the  relation  of  the  ports  and  l>lad(、 
are  clearly  shown,  and  l>y  moans  of  rotary  scales  it  is  possible, 
by  setting  one  scale  to  tho  gallons  and  head  per  minute,  to  lead 
on  another  tlie  B.H.I),  absorbed  opposite  the  pump  officioucv. 
To  those  using  pumps  of  this  kind,  therefore,  the  model  is  in- 
trit'sting  and  useful. 

Successful  Trailer  Tramcars.—  I'h«  '- \ p' i  I'm  ui  of  running  traik'r  car> 
on  c(»rtain  of  tho  South  London  tramway  routes  has  prr'vr'l  、<、 
successful  that  the  l'on(l(m  County  Council  is  proposing  to  lui n^; 
this  method  of  transit  into  more  general  nso.  Application  is 
U'iiig  made  to  tho  Board  oi  Trade  for  permissimi  to  run  m(、iv 
trailer  tramcars  on  the  southern  routes,  and  pending  tl"'  receipt 
of  the  (iovonunent  Dcpartmoiit's  consent,  prices  a ro  iu-i 
ohtainod  for  loO  trailer  cars  and  nlso  for  the  equipment  with 
couplers  of  about  200  of  the  existing  electric  cars. 

Railway  Electrification  in  Lancashire. ——Tl"' «lir,',  t,'i  、  《'f  i  In-  I . 
iin*l  Voi  kshiro  Uailw  ay  Com])any  liav"  d，'tt>rmiii，'（l  to  t>l,、（  t  ri *.、•  tliat 
portion  of  tluMi*  railway  w  hicli  runs  1  rom  MancliostiT,  via  I'r.  m 
"it'll  and  Ka(l(littV.  to  Jiury.  Tlio  trains  will  1"、  w oikod  with 
direct  ourrent  colloctod  from  a  third  rail,  as  on  tlio  Soiitlipnrt 
line  Experiments  are  also  being  in  ado  on  the  】i，ie  between  Bury 
and  Holconibe  Brook  with  a  high-tension  direct-current  system. 
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r  hhp  hn scnlc  l、rMWe:  sprite  lnidizc  and  caisson  have  been 


tor   the  con.sti'iict  ion    oi   st*ianiships.   drcd^ei  s,  have  to  l>e 

placed  aliroad.  A  member  of  the  Duma  Ii;is  declarefl  that  tho 
only  solution  appears  to  lie  in  the  authorisation  for  several  years 
('I  ：  hr  li'ipm't  ol  ""."igii  iron  ;i  t  a  rfduc-u  rate  oi  Customs  dni> . 
A  ^foup  oi  niemU'rs  ot  tlir  Duma  propose  to  cojiier  with  hhmiiIhts 
(>t  tlic  (； ovt'rmwit.  m\i]  in  the  near  future  to  ln'iiig  in  a  Hill  i'ov 
； I  i-cdiK-tion  of  tin*  thities. 

Personal.  -Sir  Frank  \irr,  tii-nci;i I  iiiimw'r  of  the  London  and 
Noi  tli  w  estern  K iiilu  ay  Company,  u  ho  w  ill  n'Uiv  early  in  tlio 
New  V(»ai-.  is  to  he  succeeded  by  M  r.  (； u  v  Caltiirop.  He  join^rl 
the  London  and  Xortfi-w  t»stern  I^ailu  ay  Company  in  18H(i  as  ；， 
junior  on  the  staff  of  the  .superiiitcjuicnt  of"  the  line.  Some  ci^lit 
years  later  he  was  appointed  superintendent  at  Cr(»、v，'，  and  in 
he  became  assistant  to  Sir  FrcdiM-ick  Harrison,  tin  11  wm'r:il 
inana^fT.  He  Ix'canic  ^cucial  su peri ntendcitt  of  the  ('ali>(loni;m 
Conipaiiy,  and  later  geno'al  manager.  Some  idea  of  the  luisi ncss 
(•oi](lii<'tp(|  l»y  tlic  liondon  and  North  s  (»st(M  ii  Kailway  C'<mi]>Miiy 
may  he  ^atlicred  when  it  is  stated  that  it  has  almost  2.000  miles 
(》t     railway,     鎖、 r  locomotives,    al>out    10. (M  H)  pa.wngt'r 

r(>:"-lii'.、，  77.(H)()  u;oods  wagons,  and  Hi  steamships. 

Austrian  State  Railways. —— 'l，h'— .  American  ( 山、 ul-H'iK'r;il  :,t  Vi''，m,i 
、|:山'、 th.it  tho  total  railw  av  niilcago  in  Austria  at  thv  end  r>l' 
w  i\s  11,806  miles,  ot  "  liiHi  8.080  miles  of  t nick  ;t  re  1  hr 
}>ro|)('i'tv  of  the  State,  4:i(i  miles  private  o\\  iu'd  i-ailw  ays  o|)ci  ;it<-<l 
hy  tli(、  State,  and  .^.200  miles  owned  and  operated  l)v  pi  ivatr 
parties.  The  capital  invested  in  the  GovernmcMit  owned  railw  ;iys 
;iiid  private  lim's  op。r;it,'(l  l)v  tho  (iovcnniH'ii t  ； it  the  (  n(l  (" 
is  estimated  ； it  aliont  C'-^-'HJK II ).( KK).  an  incrra.se  during  year  ol 
iir"rl.v  L'^i,()(KI.(H )().  Thr  riylar  iiicom,'  ot  tli*'  (；。 v，'rmm'nt  rail 
、、； i.vs  during  the  .vt';ir  u  ;in  altout  £::r), (—>()(), Tlie  cost  of  working 
、、： is  £：'_>.'), ()()(), 000.  The  surplus  for  the  year  is  com pn ted  at  over 
£8, (KM), 000,  or  about  3*93  per  cent,  on  tho  invested  capital. 

Municipal  Telephones  for  Hull.— The  Hull  Corporatmii  lms  .Ircirlrfl 
t«>   pn  tchasc  from  the   I'ost   Office  tlx-  山 mi(>  niulci-tM  in 

tlio  Hull  aivii.  at  :i  jnic(>  ot  £10l\n00.  Hull  had  a  Corponit  ion 
tclopliono  system  in  ('('miH'titio"  u  itli  the  National  TcIeplioiR*  Coin 

Prices  per  Ton  of  Silesian  Zinc,  July  to  December,  1913. 
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pan y,  and  will  now  l>,、  tlu*  only  Corporation  to  rim  its  own  t clr 
plionc  undorta kin^.  It  was  stated  that  the  l>ostniastcr  (mmhm^i I 
liad  given  the  Corpointion  evory  consideriition .  The  license  will 
lie  tor  lM  ycjn  s,  aiu]  it  is  intei  rst i n^i  to  im"'  that  u m\vv  thv 
Corporation,  suhsciihers  will  have  the  tt'l,'pli(>m、s  at  rates  con 
sidrrahly  cheaper  than  those  oftVrtHl  by  the  Post  Office. 

Proposed  Extensions  to  Rothcrham  Corporation  Electricity  Works.  A 
striking  report  of  the  growth  of  the  electric  supply  of  the 
I^othorliani  Corporation  works  has  l)0(Hi  f ui  nislied  by  Mr.  E.  Cross. 
Jiorough  Electrical  Engineer.  The  woiks  u  ere  <)pt、ii,'(l  in  . 
u lien  87,174  units  were  sold.  The  number  for  1912-13  was 
3,615.-^1.  and  the  estimate  for  1913-14  is  5,000,000  units.  He 
adds  that  he  has  reason  for  stating  that  this  progress  will  l>c 
^tTMt! y  accelerated  owing  to  the  increased  popularity  of  til(ictric 
driving  and  a  considerable  increase  in  the  cost  of  con  1  receiitlv. 
He  liarl  already  received  <、iiq，iiri('s  tor  soiii<、tlii like  ； in  oqiiivaltMit 
nt'  1 ,000  li.p.,  and  this  it  would  1"'  impossible  tor  tho  <Ui|»m rt  ijumi  t 
(o  (  (tpc  with  w  ithout  i ncrrasod  plant.  Hcasons  a'v  givrii  for 
cxlcusion.  and  ho  jocominends  the  pu reliant*  of  niacliiiu  i y  ； uid 
buildings  at  a  cost  of  £lo，"："i.  Applicat ion  wiU  he  made  to  tli'' 
I  ( Jovoriiniont  Board  for  saiu-tion  for  the  borrow  in^r;  ol 
the  inoiicv  r('q ii i iv(l. 

Diaries  and  Calendars. ― 、Vt'  ha vt'  received  a  number  of  caU'inlar> 
and  diaries.  Messrs.  D.  Bridge  t、'  Co.,  Ltd.,  ot  Castleton .  Man 
chester,  the  well-knou  n  makers  oi  i  riction  clutclies,  rnbl>ei-.  aiul 
otlier  special  machiuerv,  send  us  a  handsome  and  con- 
venient little  diary  for  pocket  tise. ― The  United  States  Metallic 
Packing  Company  .  Ltd.,  Bradford,  Vorks..  ma lui  a  speciality  of 
calendars  with  figures  in  lelief .  These  are  quite  works  of  art  in 
their  way,  and  serve  to  materially  relieve  the  drab  walls  of  the 
ordinary  office.    The  prtwt  issur  is  in  no  \v;ty  behind  it>  prede 


in  which  tlie  ctirrtMit  is  collected  t rom  an  ovoiheiid  、"r,',  the  '、qui|' 
ment  in  this  case  having  been  supplied  by  Messrs.  Dick.  Ken  , 
and  Coinpany,  oi  Preston. 

Canada's  Longest  Tunnel.  Aftci-  tiftt'rn  months  ami  f"ur  day>  «»t 
I'm'ing  the  preliminaiy  l»ore  of  the  Canadian  -、 <)rtli,、r"  T'im"、l 
trom  Model  City  under  IVJount  Koyal  and  into  the  heart  oi' 
Viiy  of  Montreal  has  just  been  completed.  Th]  tunnel  is  tli(' 
longest  yvt  built  in  North  America.  It  is  some  10,0H8ft.  in  li'i'^tli. 
As  ； 1 1  present  finished  it  consists  of  an  8ft.  by  12ft.  1"  a(li"g  com 

Prices  per  Ton  of  Cleveland  Iron,  July  to  December,  1913. 
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I'l,'t,"l  thr  ciitiir  distance,  witli  a  veiy  considn  aKlr  iimount  of 
1  Ih>  total  thioe  miles  ahv:"l.v  i'nl;iwd  to  tin*  nitimatr  l^it't.  I>v 
； iOi t.  al'Av.  Tlie  tiiinu*!  will  he  lapidly  oxcavated  to  this  siz(\  mihI 
within  12  months  w  ill  l>e  completly  iinislK>d  and  r<  ;i<lv 
ior  the  tunning  of  express  trains. 

Output  of  Coal  in  1912. ― Prof.  R.  A.  S.  Redinayne,  Chief  Inspector 
ol  -、 1 111, 's  ;iiid  (Quarries,  reports  thut  the  total  value  of  tin* 
minerals  raised  in  1912  was  £1^1,220.85^,  an  increase  of 
.o K»  as  com|»ar*'(l  with  1911 .  Thv  total  output  oi'  coal  was 
LMill. 41(),:^8  tons,  and  the  vniuo  C】 】 7,"21 , sliou  iiig  a  (ir.-iv;«s(. 
ill  tin'  output  of  11.1 7 tons.  Imt  an  increase  in  valiu'  of 
C~J('i7«  441  on  tli*-  figures  lor  1911.  Thv  avorn^e  prico  ot"  con  I 
、、； ,、 '.Is.  U'dSd .  pel-  ton  in  1912,  as  coinpaicti  "  itli  8s.  l"79d.  in 
"'II.  Tli"  tot" I  <|iiaiititv  of  cn;il  exp("  t"(l  、、  ms  8.").H4L>,90-')t  ；' s 
：' 乂：' iii、t  87,081  ..'{Hi'  tons  in  11*11 .  The  amount  oi'  coul  remain 
ing  for  home  oonsuniptioii  w  as  】71.HU3  Ions,  or  :i.S2;i  tons  per 
"t  tlir  population. 

British  Orders  for  Germany. ― The  Press  Association  is  otticially 
inlornicd  t  li;it  tlu'  Poi  t  of  London  Aiitlioi  ity  have  ，>la(v(l  con 
t  r;u-t  s  ior  tine*1  pairs  of  loclv  tcs,  ;i  hasciilc  l»ri(l^;o,  ； i  sw  in^; 
l'ri(lg('，  and  a  caisson  for  the  d r*y  dock  in  con ncct ion  、、"li  tli*' 
Ko.val  Alhcrt  Dock  t-xtriision  (South)  with  two  (iciniaii  fiinis.  Tl"' 
"nl"r  for  tin*  \ot-k  <^a  tcs  has  I  km  mi  plact'd  w  itli  the  (•utchoftinm^; 
nImi  t  tr 
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von  to  tli''  .Mascliiin'iiial)i,ik  Aiigslnir<i  X ui nberg.  Tlit'sr  con 
t  i;ict  s  w  tMp  ohtaiiicil  in  <om  petition  w  itli  British  firms,  u  nd  show 
a  sa  vin^  of  nearly  26  per  cent,  on  the  lowest  British  tenders  of 
£179,071. 

Scarcity  of  Pig-iron  in  Russia.— The  scarcity  ot  pig-iron  in  Russia  is 
tin*  subject  of  a  (lis|i;itch  honi  Mr.  H .  Cooke,  His  a  jt'st  v's  ( 'om 
nit'iciiil  Attache  for  Russia.  AH  brandies  of  industry,  he  says, 
are  reported  to  be  suffering  increasingly  from  the  insufficient 
sup|)lies  which  are  available,  as  the  demand  is  out  of  all  propor- 
t  ion  tn  tli"  supply,    lii  consctnuMice  oi  tho  deficiency  of  iron,  orders 
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(•('ssf)rs,  and  p(»i  l  rsiys  ;i  li^n  re  ("  Canova's  "  H»'l)c"  Messrs. 
W.  II.  \\'ill<-(>\  A  Co.,  Ltd.,  Smilli"  ark  Strcfl,  Lnndnn,  S.I':., 
ma  k(Ms  ("  riigi  m'*'r.、'  fittings  and  supplies  "I  nil  descriptions. 
r;inp;iii^  I Votn  larw  ptimr  movcis  to  oil  cans,  send  us  "  use! ill 
wall  ral<»ii(lar.  、、V  liav*'  iilso  r«'("'i v,'(l  siniihii-  types  ("  calendai's 
I  torn  Llic  Hald  win  LtK  oiiiotivc  、\'("  ks,  ol  IMi i l;nlcl|)li i ;i ,  I'm.. 
I  .S.A.,  Messrs.  \;.I(Um-  Bi"s.  tV  Tliooipsou.  Ltd.,  Dalston  I"m,', 
liOiidon ,  mihI  Messrs.  'riitwxloic  Mntlcr,  Ltd.,  I  I",  Qm'f'ii  X'ictorin 

Amalgamation  of  Water-softening  Plant  Manufacturers.  Art  important 
com  lii  mm  lion  ot  li'adiiig  makoi's  ot  water  sol  teners  m  tlit*  l'nit<»<I 
K  i  n^dotn  is  a  imo，u"vd.  A  i  rau^cmciits  liavc,  w  o  a  iv  i  it 
Ioi  iikhI,  Ixmmi  conclitdccl  ，m(l 《"-  w  hicli  tin*  tu  (>  COIICOI'IIS 
ol  L;isscn  A-  1 1  joi  t  a  lid  ler  SolU'iU'is,  I 山 I.,  will  li'm.'-lmt  li 
opcra  to  in  Ui'、  Brit  ish  Isles  ;is  ； i  joi  n  t  coticcrn  mul,'r  1  In*  til  Ic  oi 
1'  nih'd  \\'iit(M-  SoI'Umkts,  Ltd.  .Mt-ssis.  I"iss('m  八' 1 1  joi  t  :m'  well 
know  ii  ； is  (he  pjih'iitcrs  ol'  ； I  syst  nil  '"•  softening  u  a  ler  liv  means 
ol'  I  in  ip  a  lid  so<l;i ,  whilst  Messrs.  Walt*!"  So!  leiicrs,  Ltd.,  :i  iv  Uit- 
|»ro|nit'l  ins  (>「  tlii'  rcccii  1 1  v  i  m  1  i。（liir。（l  •'  I'rrin  u  t  i(  ''  r，wm'r:i 
t  |>r<»ct'ss.  Tlit'  m:m:iwi"iit  <>l"  ( lie  new  coin  |>;i  n  v  will  1>"  in 
I'n'risi'ly  t  lie  sji  nir  liuiuls  ； is  was  tlia  I  ol  tlic  two  oi'i^i  I  conctM  ns, 
a  lid  })«mkI  i  n»i  iho  ； ic(|n  isi  t  ion  m''、v  ； m(l  m'"v  coininodioiis  offices 
in  u  liich  ImLti  stall's  w  ill  I"1  I'roiiglit  lo^ct  her  m"l,'r  one  i  oni",  t\w 
ImsiiH^ss  ol  tlu1  now  compimy  will  Ito  (； m'ir'l  on  at  tlit、  cxistiuu; 
offices  ol'  the  t  w  o  conccriis  jointly. 

Prices  per  Ton  of  Block  Tin,  July  to  December,  1913. 


H  15  22  29  5  1'2  19  26  2  9 
July.  Aug.  Sept 


30  7 】4  21 
Oct. 


]】 18  25  2  9 】6  23 
Nov.  Dec. 


Launch  of  a  Large  Oil-carrying  Steamer.— On  Satur<Iay  last  、、  ,>*'1< 
tluM'e  was  lau iichcd  t roni  the  Wallsend  Shipyard  o\'  Swan,  Himtor, 
and  Wigham  Kirliards (出， Ltd.,  th(、  lai-^c  oil carrvin^;  stca mci\ 
" San  Lorenzo,*'  l>uilt  to  the  ordor  of  tlu1  Ka^le  Oil  Tran -、 pm  t 
C'ompa iiy,  Ltd.,  of  London .  She  has  Ikmmi  (Icsi^iic(i  to  ca rry  sonu1 
I - -V K )  tons  of  oil,  and  is  the  last  of  Uh'，h'  sister  ships  that  Messrs. 
Swan,  llmitor.  A  William  H ichardson .  Ltd..  l:mi"li*'d  hist 
year,  and  is  tl"、  soveiitli  Wnilt  by  tluMii  (luring  HM'J  and  tor 
the  same  owners.  Lil"、  the  "  S;m  Fratcrno  ••  and  tl">  "  Sun 
("egorio,"  the  "  San  Lorenzo  *'  is  o41tt.  lon<j;,  w  itli  a  lircadth 
of  0()Ut.,  built  upon  the  I sliorw ood  system  oi  lou^itndinal  train 
ing.  Tlie  (|Ua(lrnpU»  expansion  riigim's  and  hoilors  arc 
built  by  the  Wallst^nd  Sli])\vav  "ml  Kngiiu 屮 Company.  Lt(l. 
Tlit>  l)<>il(M-s  ； uv  httod  w  itli  tl"'  Wallsond  Hou 山' ii  patent  appuratus 
for  burning  liquid  fuel.  The  oil  holds  together  with  tin*  oil  cross 
hunker  a ro  dividocl  into  20  coinpartiiicnts  hy  ti  ansvfisc  and 
longitudinal  oil  ti^lit  Imlklicads. 

Birmingham  and  its  Industrial  Advancement.  In  liis  (uvsidcntial 
"(ldrt'ss  delivered  l"'t<"v  the  Hirniiti^hiiin  Association  ot  Mecliani 
(•al  Kii^ineers.  Mr.  A.  Honx-Morton,  in  ivtVrr—  to  the  devolop 
mwit  of  Hinnintrliani  and  Ihm-  trad*»s,  pointed  out  that, 
thmigli  the  efforts  had  I"m、"  which  had  lnou^ht  tl">  city  to  lu'r 
present  greatness  as  a  centre  ot  industry  and  conun*M(v.  it  would 
he  a  much  greater  task  to  ensuro  tliat  sho  sliould  kee[>  tl"> 
rmim'mv  liiunl.  Birmingham  could  only  maintain  \\ov  pn-sont 
prostijio  l>y  (山 taming  vory  much  greater  industrial  ettioiency 
tliron^liout    tl"'    city    and    district.       He    showed    that  tl"' 


•in-atcst  draw  hack  to  tlio  iii(lustrial  ；" lva"(  ''iii''h t  o)  tli<' 
city  and  district  hiy  in  tin*  on t  ol  'lat''  lacLorit^s,  tli<*  ol,、"l,'"' 
inacliiiitTV.  and  nU\  liisliioncd  ii'''tli''<l、  to  I"'  lound  ill  use  on  all 
K very  iiiiiM(il';ictnn'r  could  nnt  I'ml'l  n  liraixl  im-u  lactm  \ 
!：'''!  '"it  "ml  on  iiioHitii  lines  on  ； •  ii'.u  、it*',  I, 'it  |'r:"  ti 

(•all.V  the  s.iiiit'  t-ftVrt  couM  Ih'  oldai nt^l  l>y  rrconstriuti ng  litt It*  l»v 
littl",  iis  fin"'  and  money  allowed,  alon^  ^  |'i、'v""islv  (lotrrniiiicil, 
ca rct'iilly  thought  out  mIiciiu*  oi  rnoiistnictioii  lor  the  wltoh'  lac 
to  iv  or  works.  In  this  、、： iv  tli.«  cost  would  I"'  a  little  nu'n',  I 川 t 
it  would  l»o  sproad  ovt'r  a  miin",'r  ot  years,  an<l,  pci  haps.  I"'  iii'.t 
out  oi'  n'V(M)ii<\  The  cost  won  1*1  I"'  no  mor^  tl>an  w  n s  t  j  c(|>u*iitl.v 
s|)"nt  over  tlu>  saiiio  tin"'  in  making  impulsive  alti'iations.  wliicli 
r<>siilt(>(l  only  in  patcli w oik  in  i"'、v，'r  m""'r"ils  instead  ol  a  ut-ll 
laid  out  works  and  nn  improved  ass«>t.  S(，m<'tl""g  luul  ;山<  :"1、 
don*',  and  "  ； is  Ix-in^ 山" nUtn^  theso  lines,  hut  t  here  、、  ••'+*• 
districts,  il'  any.  in  、、  liich  t  |".r('  was  so  miicli  、r<，|,''  lor 
modcrnisintr  w oi  ks  and  factories  on  sonntl  coiniiioi-cial  lii  <-s  :i、 
ll"'r«'  w  its  in  and  ii  ion  n*l  ISi  tin  i  ii^lni  in . 

Suggested  Mersey  Tube.— A  小 'ri  tor  c«,iiiI(  «  t  it,-  l,i、《  i  lv\ 
"I  w  i<l«'  miI)\\  iiys  midcr  the  M«*i  s.»v  with  Uirl<rnli^;i<t  :iiut  Walhiscy 
I'i"  boon  snhniittcd  to  tin-  Livn  pooi  Trjunw  ays  ('oimnit  Let-  '»、 
•、lr.  (，.  、V.  -Mallitis,  tliw'm'ral  nunia^cr.  TIic  ii«'，、  tm'ii''l  m'I"'i"<' 
"i".v  1"'  said  to  I"'  in  two  parts.  To  ivli'-v"  llic  tl  affir  alon^  tl"' 
t、、o  Picrlicad  routes— CMiun-li  and  J:mi,'、  Streets  ami  Dale  :iimI 
Water  Streets-  -it  is  su^ostcd  tliat  a  tnun  siilnv"y  I"'  roMStri"'t('(l 
t(>  tli"  huiflin^;  stuir^  irom  tlu*  triangular  sito  l"'t、、  StKM'L. 
jlanclifst.M-  StrtM't.  and  tli*'  Old  H :i.、m" rl"'t .  Sik-Ii  ;u,  iimloi': 
gromid  route  would,  no  doultt.  serve  to  divert  trafiic  iM'tuccn  tlic 
(i.iitiv  ot  tl"'  city  and  tlu*  1>"'|  |">;"|  :  f>ut  Mr.  M;iltins  i，ivit*'s  his 
c:mmiitt«»o.  and  through  tlioni  U"'  City  ('mmril  and  t)w  :ii:tli"r 山，、 
two  ('l"'sliiiv  Itoron^lis,  to  consider  the  )«>asil>i lily  ol 
、V1"1  。"k  I>(,'t  |" 、山 I, 'lii  :is  a  \\  hole  l,y  <-on  t  i  m  1 1  i  n^;  tli,'  I  itini.-l 
imder  the  Mersey  to  Birkenhead  and  Seacomhe,  with  sufficieiit 
、、i<ltli  of  \\iiy  to  ； iccomiiiodate  fast  and  slow  Aohicula r  tra :,、 
、、<'ll  ； is  |»t'("'stri"iis'  and  w  itli  ;i pproactios  at  ('("iv<'i"''iit  ,,|：, ... 
Tl"'  cost  ot.  tl"'  'm("'it:iUiig  is  rstimatwl  at  tlnvo  millimis 
s""'lmg'.  Air.  Alalliiis  «vstiniat*'s  tliat  liis  m-Im-iiu-  woiiid  I".  >>,, 
paying  basis  with  45,000,000  passengers  at  1(1"  and  L,000,(MN) 
v*'li" 小' s  at  <id.  It  will  I"'  s(mmi.  tl"'r*'l<"v,  tliat  in  order  to 
a  financial  loss,  practically  the  whole  of  the  preseni  traffic,  botli 
;l,,ovt'  and  iiikUm-  tlu-  would  liavt-  to  l">  din'rtwl  to  tli,'  h,'、、 

•siil,、va,v.  Tl"、  Tramways  ('omniittoo  oxpr<>ssod  no  opihion  on  。,，- 
s('!"'i»h>,  contcnlin^  tlit'msdvt'.s  with  frorniiilly  ivrciving  tl"'  iv|""t 
ami  n'.s^lviiiiT  to  present  it  to  tl">  City  r«>miHI. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  ,、•/,"〃 
" pleased  to  forward  copies  post  free  on  receipt  o]  ithi.  .■!,/,/,. 
" Mechanical  En'jinepr,"  5S}  New  Bailey  Street,  Manchester. 

MECHANICAL,  1912. 

Process  for  tli(、  pxtraotion  of  snlplnir  from 

207/58. 

Variable  throttle  valvt'.    ()v<>n<len.  2109；5. 
Intornal-coinfxistioii  engines,    (iillospio.  21189. 

Automatically  operating  temperaturo  n^ulators  ior  lioators,  or 
coolers'    lmmid""'rs,    and    ot'her    ("n'ic's.      \Voi<r»Mt  St.-j  n,. 

Process  for  the  extraction  of  sulplmr  from  metallic  sulnliid.-s 

Hall.  26595. 
Al"tm'  cars.    Nicholson.  28o:{4. 

、.alvt's  in  internal conilMistion  cn^iiu's.    Knight.  28^)3. 
Valves  of  internal  conihnstion  on^inos.    KIs(Misolin.  "28778. 
l^rocyss  for  ivnmving  \\at«>r  t  mm  peat.    Brow  ne.  28834. 
Cooling  of  internal  comhiistion  on<:inos.    J ohn  I.  Tiioriivcrot t  and 

('(>.,  and  'riioniycroft.  288". 
\  ;u'mmi  lu  a ko  apparatus  for  railway  v ，山 i<  l,、、  28*»»i!». 
Sp'av  ca rl)ii niters.   Terry  &  Tony.  28987. 

IMopcllor  ap|)li<'al»l«'  to  a, 'rial  and  nautical  liaviuation .  l'，ilim" 
2J)170.  '  1  " 

Soldw.    Wilkin.s.  Wilkins.  、、-  .Morris.  '29239. 
Gear  cutting  machines.    Parsons,  Ciiriu^ie.  A'  Cook.  29:i80. 
Process  of  separating  mixed  liquoftod  ^ast-s.    Morrison.  20；^8：{. 
*、l<>t(»r  starting  dovico.    C'ialento.  2948H. 

Alarm  ga"gos  for  indicating  tho  pivssinv  of  st.';mi      l);i、i,'、  .uid 

Jones.  2ir>ou. 

Stoain  condodsinfj:  plants.    MuIUm-.  '一 US. 
Cliiun  pipe  vises.    Amhorn.  . 

-、， "tal  fire  bridges  for  tho  t'urnarcs  ot  strain  ^enenitors     丄" i,'、 

1913. 

Process  of  and  apparatus  for  tho  niaiuit'suturo  of  wolded  t'il"'、 
Apparatus  tor  stoking  f'in"i(*'v    Williams 入- McPIhm1.  74. 
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Steam  turbine.    Coppus.  217. 
Punipino;  apparatus.    AVattles.  955. 
M'  Ul  ； i Hoy.    Monkliouso  &  Denton.  181". 
Steam  traps.    Davidson.  1955. 

Wire  (lra、vi'ig.    Uritish  Thomson-Houston  Company.  200】. 
Non-conducting  jackets  for  boilers.    Hutsel.  2437. 
Valves  and  valve-gear  for  internal-combustion  engines.  Hunting- 
ton &  Maltby.  2585. 
Adjustable  wrenches.   Roberts.  2630. 
Steam  super- heaters.    M  utcliinson  &  Maunsell.  3778. 
Resilient  wheels  and  pulleys.    Doll  &  McCliiug.  4174. 
Lifting  devices.    Smith  &  Osborn.  4237. 
Chucks  for  rock  drills.   Newton.  4677. 
Coal  conveyers.    Hyve.  4700. 

Combustion  chambers  and    vaporisers    on  intornaloomhustion 

engines.    I>e  Rusett.  5345. 
】la(liatoi's  for  internal-combustion  engines.    Goiulard  &  Mennes- 

son.  6440. 
l*ow  or  transmission  gear.    AVii'tz.  7849. 
Valves  for  air-compressors.   Holman  &  Holman.  8050. 
Nickel  copper  alloys.    Douglass.  8331. 

Feed-water  heating  installation  for  steam  generators  Buchmann 

and  Weber.  8643. 
Water  motors.    Severson.  8762. 

Sand- moulding  machines.     Ph.  Bonvillain  &  E.  Ronceray,  and 

Ronceray.  9099. 
Tuliulai'  box  spanners.    Bedford.  9733. 

Gear-cutting  machines.    Coventry,  Smith,  &  Coventry,  Ltd.,  and 

Anderson.  9849. 
Check  valves.    Shaw.  9879. 

Reversing- gear  for  steam  engines.    Maxwell.  9938. 

Tool  for  facing  valve-seats.   Morgan  &  Smith.  10336. 

Apparatus  for  cutting  and  boring  metals.  Adams.  11322. 

Process  of  and  apparatus  for  treating  peat.    Ber^huul.  11971. 

Motor  vehicles.    Hoines.  12261. 

Hydraulic  drilling  machines.    Monbei'g.  13011. 

Reversible  couplings.    St  off  el  &  Janssen.  13528. 

Aerial  transitways.    Collett.  13647. 

Nut  locks.    Loutrel.  15073. 

Water-turbine  installations.    Hallinger.  15092. 
Evaporating  apparatus  for  liquids.    F.  Bayer  &  Co.  15624. 
C'a rburetters  for  internal-combustion  engines.    Bucherer.  15997. 
Piston     rings    or    packing     for    internal- combustion  engines. 

Descourtis.  16666. 
Governors   for    variable-speed    or    reversible   engines.  Creplet. 

16673. 

Apparatus  for  washing  coal  and  other  minerals.  Habets  &  France, 
17012. 

Foundry  moulding  machines.   Bouillon.  17116. 
Construction  of  expanding  pulleys.    Gray.  17147. 
Valve-gear  for  internal-combustion  engines.     Evans  &  Wilson. 
17606. 

Self-starters  for  explosion  engines.    Guyot.  17989. 

Machines  for  grinding  hobs  and  milling  cutters.     Brown  and 

Bostock.  18473. 
Belt  tightener.    Vosbnrgh.  19849. 
Steam  super-heaters.    Bruce.  20947. 

Utilising  the  waste  heat  of  internal-combustion  engines.  List. 
21204. 

Turbine  stator  blading.    Bellis  &  Morcom，  Ltd.,  and  Jude.  21214. 

I  jiliricators  for  engine  cylinders.    Luard.  21840. 

Melt  or  compound  for  use  in  the  hardening  or  tempering  of  steel. 

Brayshaw  &  Braysliaw.  22167. 
Soldering  compositions.   Richardson  &  Richardson.  23077. 
Broaching  tools  for  cutting  multiple  spline  grooves.    Carson ^  and 

Charles  Churchill  &  Co.  23335. 

ELECTRICAL,  1912. 

Electric  machines.  Soc.  Systeme  de  Traction  Auto-Rep;ulateiir. 
27923. 

Electric  lighting  system.    Soc.  Internationale  de  Lumiere  Froide 

28229. 

Controlling  electric-heating  apparatus.    Hulbert.  28409. 

Wireless  telegraph  transmitters.    Marconi.  28865. 

Vacuum  tubes  for  electric  lighting.    Skaupy.  29104. 

High-tension  insulators.    Lodge  &  Lodge.  29209. 

Ah'tliod  of  diminishing  the  electromotive  forces  induced  in  the 

commutation    zones    of    commutator    machines.  HeyLind. 

29409. 

Electric  motor  starting  and  controlling  apparatus.  Hirst  and 
Brook.  28634. 

^raohines  for  generating  electric  current  for  dual  purposes,  such 
as  ignition  and  illumination.    Hollister.  28748. 

KIectro-mao;nets.  Soc.  A  no",  des  Etal)lissoments  L.  liloriot. 
28864. 

Klootric  cirf-uit  closing  apj)n ratus,    WjkIo.  2^77. 


li'-^ulations  of  the  pivssm'e  of  electrical  generation  systems  employ- 
ing rotary  converters.  Siemens  Bros.  Dynamo  Works,  Ltd., 
and  Wilson.  29338. 

rr«'!<'phone  systems.  Automatic  Telephone  Manui'afluring  Com- 
pany.   29357  and  29387. 

.Mii^neto-electric  machines  for  combined  ignition  and  illmnirating 
purposes.   Simms.  29581 

1913. 

Electric  measuring  instruments  of  the    mercury  motor  type. 

British  Thomson- Houston  Company,  and  Young.  1600. 
Portable  electric  miners'  lamps.    Wolf.  6408. 
Electric  switches.    Leveque-Petit.  9179. 

Machines  for  winding  or  covering  electric  cables  with  tape  or  strip 
material.    Fried  Krupp  Akt.-Ges.  Grusoinverk.  9-"-*j. 

I^U'ctrolytic  meters.  Childs  and  Reason  Manufacturing  Company. 
14310. 

Vacuum  tubes  for  electric  lighting.    Skaupy.  14591. 
Electric  telegraph  receiving   apparatus  of  the  selective  typo. 
Lyons.  15097. 

Polyphase  alternating-current  synchronous  motors.  Crompton  and 

Co.,  and  Burge.  15523. 
Manufacture  of  electric  glow  lamps.    Wolfram  Lampen  Akt.  Cles. 

15824. 

Primary  galvanic  battery.    Yai.  15909. 

Interchangeable,  alternating,  and  direct-current  electric  motor. 

Ashdown  &  Robinson.  19395. 
Electric  dry  batteries.    Rabbidge.  19783. 

Railway  electric  signals.    Evans,  and  J.  B.  Sau ndors  &  Co.  20318. 
Sparking  plugs.    Freiberg  <fe  Petzsche.  20361. 
Electric  switches.    Beemer.  88. 

Electricity  meters  of  the  mercury  motor-disc  type.    La、vson.  882. 
Telephone  exchange  systems.    Western  Electric  Company.  2509. 
Electric  furnaces.    Wardall  &  Marchant.  2718. 
Electric  incandescent  lamps.    British  Thomson-Houston  Company. 
2901. 

Vapour  electric  devices.  British  Thomson-Houston  Company. 
5448. 

Electric  incandescence  lamps.    Zschocke.  614.']. 

Circuit    arrangements    for    semi-automatic    telephone  systems. 

Siemens  &  Halske  Akt.-Ges.  6664. 
Electro-fu  mace .    Eyerman  n .    9381 . 
Electric  motors.   Railing  &  Coif.  10535. 

Regulation  of  electric  circuits  and  means  therefor.  Siemens  Bros. 
Dynamo  Works,  Ltd.  11267. 

Electrically-driven  automatic  lathes.    Kienzle.  12235. 

Systems  for  supplying  from  high-pressure  mains  continuous- 
current  at  a  lower  pressure.    Graham  &  Rickets.  15769. 

Electric  resonance  operated  apparatus.  Handoook,  Dvkes,  and 
Duddell.  16998. 

Mercury  motor  electricity  meters.     Chamberlain  &    Hook  ham. 

Ltd.,  and  Holden.  18474. 
Arrangements  for  connecting  two  electrical  sou rces  in  parallel. 

Siemens  Schuckertwerke  Ges.  25073. 
Magneto-electric  machines.    Hollister.  27355. 
Dynamos.    Hollister.  27356. 

Circuit  arrangements  for  telephone  systems.  Siemens  &  Halskr* 
Akt.-Ges.  27452. 


METAL  QUOTATIONS. 

TUESDAY,  JANUARY  <>th. 

Aluminium  ingot    96/-  per  cwt. 

,，         wire,  according  to  sizes,  &c  from  121/-  ，， 

，，         sheets        ，，  ，，    "  126/-  " 

Antimony   £28/—/-  to  £30/-/-  per  ton. 

Brass,  rolled   7 id.  per  lb. 

,，    tubes  (brazed)   9^d.  ,, 

，，       ，，     (solid  drawn)   8Jd.  ，， 

，，       ，,      wire    7|d.  ，， 

Copper,  Standard   £64/-/-  per  ton. 

Iron,  Cleveland   50/1}  ,， 

，, Scotch   56/1'  ,, 

Lead,  English    £19/— 2/"  „ 

Foreign  (soft)   •   £19/-/-  ,, 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

„  ,,  ,，       medium   3/6  to  6/-  '， 

,,  ,，  ，,       large   7/*i  to  11/- " 

Quicksilver   £7/10/-  per  bottle. 

Silver   26Ad.  per  oz. 

Spelter    £21/7/(>  per  ton. 

Tin,  block   £167/1.")/- ，， 

Tin  plates   12/9  ,， 

Zinc  sheets  (Silcsian)   £25/-/-  ，, 

,,  (Stettin  ；  Vieille  Montagne)   £25/2/6  ,, 
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For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 
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Safety  in  Mining. 

Blue  Books  as  a  rule  are  not  attractive  reading,  but  they 
sometimes  contain  valuable  infoniiatioii,  and,  as  the  digging 
of  it  out  absorbs  more  time  than  the  average  reader  can  spare, 
it  is  apt  to  escape  tlie  notice  of  many  who  otherwise  might 
benefit  by  it.  For  this  reason,  we  shall  probably  be  reiKlering 
a  service  by  noting  some  of  tlic  more  salient  facts  and  rlala 
embodied  iu  the  annual  report  of  M r.  Redmayiie,  H.M.  ('Iiid' 
Inspector  of  Mines,  for  Hie  year  1912,  just  published,  ；' m'I 
especially  those  of  enginetMin^  in  Unrest.  Before  touching 
ujpou  tliem,  however,  we  should  like  to  point  out  the  steady 
improvement  iu  safety  wliidi  has  marked  the  accident  statis- 
tics since  these  were  first  officially  collected.  The  comparison 
at  quinquennial  periods  over  60  years  is  very  striking.  Taking 
the  last  five  years  ending  in  1912,  the  annual  death  rate  from 
all  accidents  at  mine®  and  quarries,  both  surface  and  niKler- 
ground,  was  181  per  1,000  persons  employed,  whereas  in  tlie 
pe'riod  1850-55  it  was  4 '30,  or  nearly  two  and  a  half  limes 
greater.  The  progress  has  continued  in  recent  years,  though 
naturally  it  is  not  so  rapid  as  it  was  half  a  century  ago,  when 
big  calamities  were  more  frequent,  and  tlioir  causes  less  under- 
stood. There  is  still  room  for  improvement,  though  tlie  fact 
that  no  less  than  589  fatalities,  or  44  per  cent,  of  the  total, 
in  the  year  under  review  arose  from  "falls  of  ground  '•  as  tin 
result  of  572  separate  accidents  indicates  the  difficulty  of 
prevention  and  the  extent  to  which  workmen's  carelessness 
contributes  to  them.  Tlie  accident  death  rate  from  pt"、。ii、 
employed  is  not  quite  a  complete  measure  of  the  dangers  of 
mining,  and  it  is  therefore  of  interest  to  note  that  the 
diminished  death  rate  is,  roughly  speaking,  supported  bv 
figures  based  on  the  quantity  of  minerals  won.  The  deaths 
per  million  tons  of  minerals  raised  being  4*67  for  the  vear 
1912,  as  against  7  48  for  the  year  1873. 

Apart  from  the  questions,  of  more  efficient  supervision  and 
of  obedience  by  miners  themselves  to  regulations  designed  for 


42 


THE    MECHANICAL  ENGINEER. 


[January  16，  1914 


their  safety,  cn  which  diminution  of  accidents  must  in 
any  case  largely  depend,  the  two  outstanding  causes  of 
disaster  which  occupy  the  minds  of  engineers  and  scientists  at 
present  are  the  possibility  of  reducing  the  risks  of  explosion 
from  coal  gas  and  of  rendering  safer  the  use  of  electricity  for 
illumination,  signalling,  and  power  purposes.  To  this  end 
much  progress  has  been  made  of  late  years  through  the 
demonstrations  at  Altofts  Colliery  of  the  vital  part 
played  by  coal  dust  in  initiating  or  propagating  an  explosion, 
and  the  efficacy  of  stone  dust  or  other  materials  to  prevent 
it,  and  to  accurately  determine  which  further  experiments 
are  being  now  conducted  bv  a  Home  Office  Committee  at 
Eskmeals,  in  Cumberland.  When  these  have  matured,  a  big 
yt?p  will  have  been  made  in  the  suppression  of  the  type  of 
mining  disaster  which  most  strongly  impresses  the  public, 
owing  to  the  terrible  fatality  often  involved.  Other 
important  matters  concerned  in  tins  question,  however,  ar" 
the  extent  to  which  safety  lamps  aud  electricity  may  be  con- 
tributory caus&s  to  disaster  as  the  result  of  inefficient  con- 
struction or  installation.  On  both  these  points  the  report 
gives  instructive  information 

As  regards  "  safety  ，，  lamps,  the  word  "  safety,"  it  is  to  be 
feared,  has  tended  to  mislead  by  suggesting  an  attribute  they 
often  did  not  possess  and  so  waiving  enquiry  into  their  limita- 
tions and  comparative  merits.  Sir  Humphrey  Davys  demon- 
strations of  the  difficulty  of  forcing  a  flame  through  a  wire 
gauze  was  no  doubt  far-reaching  as  a  first  indication  of  the 
way  in  which  an  illuminating  flame  might  be  maintained  in 
an  explosive  atmosphere,  but  they  were  far  from  exhausting 
the  subject.  Later  enquiries  have  shown  that  to  ensure 
real  safety  a  number  of  matters  have  to  be  considered, 
and  the  report  by  Dr.  R.  V.  Wheeler  on  the  experiments  that 
have  been  conducted  at  Eskmeals  to  settle  some  points  that 
have  for  some  time  been  doubtful.  One  of  these  is  the 
influence  of  size,  for  obviously  with  a  large  lamp  there  will 
be  a  greater  tendency  for  the  flame  of  an  explosive 
mixture,  ignited  inside  it,  to  be  forced  through  the 
gauze  into  the  explosive  atmosphere  outside.  With 
an  ordinary  hewer's  lamp  fitted  with  two  gauzes  of 
standard  wire  and  mesh  it  is  generally  impossible  to  cause  the 
flame  of  an  explosion  within  the  lamp  to  ignite  an  explosive 
mixture  outside  unless  this  explosive  mixture  is  passing  the 
lamp  at  a  high  velocity,  a  possible  though  remote  contin- 
gency ； but  the  hewer's  lamp  is  of  comparatively  small  size, 
the  distance  between  the  wick  and  the  bottom  of  the  gauze 
chimney  seldom  exceeding  3in.,  and  the  gauze'  chimney  itself 
rarely  more  than  5in.  in  length.  At  pit  bottoms  lamps  of 
a  similar  kind  but  larger  size  are  used,  and  the  question  arises : 
At  what  point  does  the  size  of  the  ordinary  gauze  lamp 
render  it  dangerous  ？  A  number  of  experiments  were 
made  to  test  this  point  and  also  t'o  decide  the'  relative'  safety 
of  lamps  with  single  and  double  gauze.  Wo  cannot  here  go 
into  details  and  must  refer  those  specially  interested  to  the 
original  report,  but  the  following  general  conclusions  are 
drawn.  With  two  gauzes,  whether  in  close'  contact  with  the 
strands  crossed  or  superposed,  the  flame  of  the  most 
explosive  mixture  of  methane  and  air  (10  to  1)  does  not 
pass  to  the  outside  atmosphere  when  the  distance  between  tlie 
poiut  of  ignitian  and  the  gauze  is  9iu.  or  less,  bui  it  may  do 
so  when  the  distance  is  12in.  or  more,  from  whicli  it  would 
appear  that  the  distance  between  the  wick  of  the  】amp  and  the 
top  of  the  gauze  chimney  should  not  exceed  9in.  With  a 
single  gauze  and  a  similar  explosive  nietliane  mixture  the 
flame  does  not  pass  to  the  outside  atmosphere  when  the  dis- 
tance between  the  point  of  ignition  and  the  gauze  is  2in.  or 
less,  but  if  the  distance  is  3in.  or  more  the  flame  can  pass 
through  such  a  gauze  and  ignite  an  explosive  mixture  outside. 
Iu  reference  to  the  use  of  two  gauzes,  it  is  important  to  note 


tli at  to  ensure  their  efficiency  they  m ust  he  in  close  contaot 
and  that  a  separation  of  them  by  as  much  as  one  five- 
liundrcdili  of  an  ijicli  may,  under  certain  conditious,  jwmit 
the  flame  to  pass,  a  fact  which  seems  to  point  to  ilie  possibility 
of  obtaining  the  safety  of  the  double  gau^e  by  the  use  of  single 
gauze  made  from  wire  double  the  "  width/'  or  from  perforated 
sheets  of  double  the  thickness.  Tests  with  the  most  explosive 
mixture  of  coal  gas  and  air  (7  to  1)  showed  that  the  flame  can 
pass  through  two  gauzes  and  ignite  explosive  mixture  outside 
when  the  distance  between  the'  point  of  ignition  is  only  8in.， 
and  even  5 in.  is  sufficient  if  the  gauzes  are  not  in  close  contact. 
These  results  are  different  from  those  obtained  with 
metliane,  and,  the  report  points  out,  shows  the  fallacy  of 
basing  concl.upioiis  respecting  the  behaviour  of  safety  lamps 
in  mine  atmospheres  solely  on  experiments  with  mixtures  of 
coal  gas  and  air. 

Although  electricit \T  continues  to  make  stead y  progress  in 
its  application  to  mining,  there  is  no  denying  the  existence  of 
a  good  deal  of  mistrust  amongst  men  as  to  its  potentialities 
for  mischief  and  considerable  justification  unless  precautions 
are  taken.  These  are  not  difficult  to  secure,  but  it  is  essential 
that  electrical  installations  should  be  supervised  by  competent 
men.  The  great  majority  of  electrical  "  accidents  "  that  have 
occurred  have  arisen  from  conditions  which  should  have  been 
avoided,  and,  as  preventable  occurrence®  therefore,  do  not 
strictly  speaking  deserve  this  designation.  In  the  course  of 
eight  years,  from  1905-12，  there  were  71  deaths  recorded  from 
electrical  shock  below  ground  as  a  result  of  69  recorded 
accidents,  and  out  of  this  number  no  less  than  34  deaths  from 
32  accidents  arose  from  the  simple  absence  of,  or  inefficient, 
ear  tli  connection.  To  those  who  have  not  given  attention  to 
the  matter,  this  may  s&em  somewhat  extraordinary  inasmuch 
as  the  making  of  an  u  earth  "  where  mining  machinery  is  con- 
cerned seems  such  a  simple  matter.  This,  however,  is  not 
always  the  case,  and  we  have  more  than  once  touched  on  it  in 
these  columns.*  In  damp  pits  there  is  no  difficulty,  but  in  dry 
ones  nothing  short  of  direct  cable  connection  to  a  wet  sump 
can  be  regarded  as  effective. 

The  risk  of  ignition  of  firedamp  by  electricity  has  often 
been  discussed,  and,  while'  there  is  no  question  that  the 
ordinary  voltages  used  for  power  are  easily  capable  of  causing 
dangerous  sparks,  and  heno©  necessitate  careful  protection  of 
electrical  machinery,  doubts  liave  been  ■expressed  as  to  the 
possibility  of  ordinary  signalling  bell  wires  creating  sparks 
sufficiently  powerful  to  ignite  gas.  In  view,  however,  of  the 
circumstances  attending  a  fatal  explosion  which  occurred  at 
Bodwas  Colliery,  South  Wales,  there  seems  no  longer  room 
for  doubt.  The  bell  was  an  ordinary  one  worked  by  a  battery 
of  eight  Leclanche  cells,  which,  tested  after  the  accident,  gave 
11  h  volts,  and  it  was  proved  experinientally  tliat  not  only 
were  sparks  from  this  battery  capable  of  igniting  an  explosive 
mixture  oi"  coal  gas  and  air,  but  that  such  a  mixture  could  be 
fired  by  sparks  produced  by  rubbing  a  file  across  two  wires 
connected  to'  a  pair  of  cells  giving  only  4  volts  pressure.  This, 
it  would  appear,  is  tlie  iirst  recorded  case  of  a  firedamp 
explosion  caused  by  sparks  from  an  electric  bell,  aud,  in  view 
of  the  low  voltage  necessary,  not  only  deserves  noting,  but, 
we  think  most  people  will  agree,  justifies  the  Home  Office 
regulation  that  requires  all  cables,  signalling  wires,  and  sig- 
nalling instruments  to  be  protected  so  that  there  is  110  risk 
of  open  sparking. 

*  See  issue  March  14tht  1913，  pa^e  274,  Vol.  XXXI. 


Bradford  Boiler  Explosion. ― 'The  formal  investigation  ordered 
by  tlie  Board  of  Trade  to  be  held  in  connection  with  the  boiler 
explosion  at  the  Valley  】）ye  Works,  Bradford,  is  fixed  for 
hearing  in  the  Town  Hall;  Bradford,  Yorkshire,  on  Wednes- 
day, tlie  21st  inst.,  at  11  a.m. 
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SUPERHEATING  STEAM  IN  LOCOMOTIVES. 

At  ； i  meeting  of  ilio  Institution  of  Civil  Engineers  lield  on 
Hie  13th  iiist,.,  ； i  pappr  on  'Superheating  Steam  iii  Locomu 
tives  "  was  read  hy  Mr.  I J  (Miry  Fowler,  A.M.ltist.C.E.  The 
utilisation  of  steam  superheated,  or  of  a  liiglier  temperature 
tlian  saturated,  had,  he  remarked,  engaged  the  attention  of 
engineers  since  the  inception  of  the  use  of  the  expansive  power 
of  steam,  i.e.,  since  the  middle  of  the  eighteenth  century. 
Its  application  in  locomotives  was  suggested  over  85  years  ago, 
and  for  half  a  century  many  attempts  were  made  to  employ 
it  in  this  class  of  engine.  Owing  to  trouble  arising  from  the 
packing  and  the  lubrication,  these  were  not  successful,  and  ilio 
prominent  position  it  occupied  at  tlie  present  day  was  very 
largely  due  to  the  investigations  of  Dr.  Wilhelni  Schniidt,  of 
Cassel,  and  to  the  practical  trials  of  his  apparatus  made  by 
Mr.  R.  Garbe,  of  the  Prussian  State  Railways.  Various  types 
o ！"  superheaters  were  tried,  but  tlie  one  now  in  most  general 
use  was  that  in  which  the  steam  received  its  superheat  when 
passing  through  small  tubes  placed  in  large  smoke  tubes 
through  which  the  heated  gases  travelled  on  their  way  from 
the  firebox  to  the  chimney.  This  type  was  general  in  this 
country,  where,  in  addition  to  the  Schmidt  system,  the  Swin- 
don and  Robinson  systems,  which  differed  from  the  Schmidt 
in  detail  only,  were  also  employed.  The  utilisation  of  the 
heat  in  smokebox  gases  had  been  tried  repeatedly,  but  with- 
out much  practical  success. 

Under  ordinary  conditions,  when  an  engine  was  running, 
the  steam  passing  through  the  superheating  elements  carried 
away  with  it  sufficient  heat  to  keep  the  metal  of  the  elements 
comparatively  cool.  When,  however,  a  locomotive  was  run- 
ning down  an  incline  without  steam,  this  did  not  occur,  and 
it  was  necessary  to  prevent  the  gases  from  passing  through 
the  fire  tubes,  which  was  effected  by  a  damper  or  some  other 
type  of  retarder.  Arrangements  were  generally  made  for 
working  the  dampers  or  retarders  automatically.  The  connec- 
tion between  the  superheater  elements  and  the  header  from 
which  steam  was  distributed  was  a  matter  of  importance,  and 
thei  】nethods  by  which  this  was  don©  constituted  one  of  the 
chief  differences  between  the  various  f  re-tube  superheaters. 
Essentially,  however,  tliey  comprised  those  in  which  a  joint 
was  made  between  the  pip©  and  the  collector  and  those  in 
which  tlie  former  was  expanded  into  the  latter. 

Piston  valves  were  used  almost  exclusively  in  locomotives 
using  super!  lea  ted  steam.  These  had  to  be  of  special  design, 
owing  to  the  greater  fluidity  of  superheated  steam  and  to  the 
difficulty  of  efficiently  lubricating  any  surface  to  which  highly 
superheated  steam  had  access  and  which  had  a  heavily  loaded 
machine  part  passing  over  it.  For  the  same  reasons  special 
attention  had  to  be  paid  to  the  design  of  the  piston  head.  The 
lii"'h  temperature  of  the  steam  necessitated  glands  of  special 
design  wherever  they  were  required,  as  well  as  arrangements 
for  cooling  the  glands  by  allowing  access  of  air  where  possible. 
The  packing  used  required  to  be  of  special  high-melting  com- 
position, and  liere,  as  elsewhere,  it  was  necessary  to  design  the 
parts  so  that  as  little  pressure  as  possible  existed  between  two 
^urt'ares  which  were  exposed  to  the  temperature  of  the  highly- 
yuperlieated  steam.  The  oil  used  for  lubrication  was  generally 
a  mineral  oil  which  had  n  high  flash-point,  and  which  was  fed 
into  the  various  parts  by  a  mechanical  lubricator  which  would 
entire  a  tlelinifc  prtHletermined  amuuut  of  the  lnhricant-  beiu^ 
delivered  regularly  at  the  necessary  points.  The  provision  of 
a  pyrometer  whirh  allowed  the  engine  driver  t"  know  at  what 
degree  of  superheat  he  was  working  was  advisable. 

Owing  to  tlie  use  of  piston  valves  which  did  not  permit  the 
relief  of  coinprossiun  or  siu'tiuu  in  the  cvliiKlers  when  running 
with  the  regulator  shut ,  it  was,  he  observed,  necessary  to 
provide  hy-pasy  and  vacuum  relief  valves.  Some  of  these 
valves  were  also  suitable  for  dealing  with  any  water  which 
might,  be  carried  over  into  the  cylinders,  whilst  in  other  oases 
special  relief  valves  were  fitted.  The  large  tubes  in  which 
the  superheater  elements  were  placed  gave  little  trouble  in 
tliis  country. 

The  greater  volume  of  superheated  sh'am,  when  compared 
with  saturated,  had  in  many  cases  led  to  the  adoption  of 
larger  cylinders  ami  lower  boiler  pressure.    This,  lie  yaid, 


led  to  economy  in  l>()iler  repairs,  whicli  should  counh'rljalaiice 
the  increase  of  maintenance  necessary  for  the  extra  apparatus 
required  wlieii  superheated  steam  was  used.  The  degree  of 
superheat  usually  employed  was  TM)°  to  260°  Fall.  No  figures 
at  present  seemed  to  be  ； ivail; 山 le  i'or  the  variation  in  1 1 1 ** 
economy  with  varying  degrees  of  superheat. 

The  chief  advantage  claiiped  for  the  u.sc  oi  sup'*r 
heated  steam  in  locomotives  was  the  economy  in  coal 
consumption,  and  on  tlie  M  idland  Railway  a  nuniher 
o  i  t  rials  had  heeii  made  to  ascertain  what  this  was 
witli  the  various  types  of  engines,  the  comparison  hoiug  made 
on  the  consumption  per  ton-mile  under  circumstances  as 
nearly  comparable  as  possible.  These  trials  showed  that  a 
saving  of  23  per  cent,  in  tlie  coal  consuinj)tioii  and  '一' ―'  |"'r 
cent,  in  the  quantity  of  water  used  was  obtained  iu  one  case, 
whilst  in  another,  where  the  difference  between  the  locomo- 
tives was  solely  in  the  superheater,  the  saving  of  coal  was  as 
liigii  as  30  per  cent.  This  high  figure  was  probably  due  to 
the  engine  which  used  superheated  steam  having  more  reserve 
of  power  than  the  one  employing  saturated  steam.  From 
diagrams  of  these  two  engines  it  could  be  shown  very  clearly 
how  much  more  fluid  superheated  steam  was  than  saturated. 
Experiments  liad  been  carried  out  to  ascertain  the  effect  of 
superheating  the  steam  supplied  to  the  high-pressure  cylinder 
of  a  3-cylinder  compound  locomotive,  and  it  had  been  found 
that  a  saving  of  coal  of  25*9  per  cent,  and  of  water  of  22'3 
per  cent,  had  resulted  when  comparison  was  made  with  a 
similar  engine  using  saturated  steam.  Iu  tests  carried  out 
with  goods  engines,  the  coal  saving  had  been  from  14  3  per 
cent,  to  18  per  cent. 


TRANSMISSION  OF  POWER  BY  CHAINS. 

In  a  paper  on  this  subject  read  before  the  Manchester  A、、'' 
ciation  of  Engineers,  on  Saturday  ltist,  Mr.  H.  T.  Hildage, 
M.Inst.C.E.,  said  that  during  recent  years  great  progress  had 
been  made  in  tlie  development  and  improvement  of  prime 
movers  for  the  generation  of  power,  and  in  some  cases  also  in 
the  improvement  of  the  machines  that  used  the  power.  But 
comparatively  little  aitentiou  had  been  paid,  as  far  as 
factories  and  workshops  were  concerned,  to  the  study  of  the 
transmission  of  power  by  mechanical  means,  and  in  con- 
sequence this  had  become  the  weakest  part  of  many  of  our 
manufacturing  organisations.  So  much  was  this  tlie  case  that 
the  remodelling,  improving  or  tuning  up  of  the  (lislribuliun 
and  transmission  of  power,  was  one  of  the  most  fruitful  fields 
that  could  be  exploited  by  reformers  who  were  seeking  eitlier 
to  lower  production  costs,  or  to  improve  the  quality  of  the 
product.  The  drives  in  most  common  use  were  rope  and  belt 
drives.  Both  these  methods  of  transmission  were  subject  to 
losses  from  three  causes :  (1)  The  friction  in  the  bearings  of 
the  shafts  due  to  the  initial  tension  in  the  rope  or  belt.  (2) 
The  stiffness  of  the  rope  or  belt.  (3)  The  creep  of  the  rope  or 
belt  on  the  pulley,  caused  by  the  fact  that  the  band  itself  did 
nob  leave  and  enter  tlie  wheel  under  the  same  tension,  and 
consequently  changed  its  length,  being  elastic.  Assuming  tlial 
the  drives  were  properly  designed  and  worked  under  favour- 
able conditious,  the  sum  of  these  losses  might  be  from  7  per 
cent,  to  15  per  cent. 

Turning  to  the  i>ositive  or  rigid  means  of  transmission, 
such  as  spur  wheels,  helical  gea ring  and  bevel  wheels,  they 
were,  lie  remai'ked,  genera llv  use-cl  when  the  tlistam  e  bvt wren 
the  shafts,  whilst  being  an  tlie  whole  rati  km*  short ,  could  1"、 
fixed  more  or  less  to  suit  t!i€  requimiK'iits  (>f  tli"  t  raiismi>siou . 
The  calculated  efficiency  of  these  nietho<ls  of  transmitting 
power  was  very  lu^Ii.  Spur  gearing  was  not  generally 
applicable  to  the  driving  of  nia^hiues  from  line  or  counter- 
shafts, the  clist anocs  between  the  sliaits  to  be  conne<-ted  were 
not  suitable,  aud  if  they  could  be  arranged  so  that  tliey  were 
suitable  there  would  be  too  much  possibility  of  variation  far 
efficient  working.  In  iliose  ordinary  workshop  trausmissious 
for  which  tooth  gearing  of  t his  character  was  available,  the 
principal  difficulty  was  iu  the  high  degree  of  accuracy  that 
was  necessary,  uot  only  in  the  forming  of  the  tooth  swrt*a<vs. 
but  also  in  their  location,  and  the  great  effect  in  reducing 
efficiency  and  increasing  noise  and  vibration  that  resulted 
from  any  departure  from  this  accuracy. 

The  ideal  traiisinission  should  have  the  following  charac- 
teristics : (1)  Positiveuess.  (2)  High  efliciency.  (3)  Flexibility. 
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(4)  Absence  narrow  or  rigid  limitations  as  regards  distanc-o 
between  shafts.  (5)  Durability.  (6)  Quietness  of  iTiniiiug,  and 
freedom  from  vibration.  (7)  Low  cost,  both  for  installation 
or  maintenance.    (8)  Elasticity  of  speed  ratio. 

Tlie  author  then  proceeded  to  consider  chain  gearing  as  a 
possible  solution  of  the  problem.  Chain  gearing  was,  he 
<— 'I'm  r\'ed，  a  positive  transmission.  E:q"'ri"ients  made  for  1  lie 
purpose  of  measuring  tlie  efficiency  of  chain  drives  had  shown 
it  to  be  between  96  and  98 i  per  cent.,  and  in  these  cases  the 
losses  included  not  ouly  those  due  to  the  chain  itself,  but  al&o 
tliose  due  to  such  part  of  the  resistance  in  the  ball  bearings  of 
the  motor  and  generator  as  were  induced  by  the  driving  pull 
on  t  he  chain.  Chains  were  quite  as  flexible  as  belts  or  ropes, 
and  their  flexibility  did  not  depend  upon  any  bending  of 
material.  There  were  limitations  of  the  distance  between 
the  centres  of  shafts  to'  be  connected,  but  they  could  not  be 
said  to  be  either  narrow  or  rigid.  The  minimum  centre 
distance  for  a  chain  drive  was  the  sum  of  the  radii  of  t  lie 
smallest  wheels  that  could  be  put  on  the  shafts  to  give  the 
required  ratio  of  reduction,  and  this  in  general  did  not  exceed 
the  centre  distance'  for  a  corresponding  spur  wheel  drive.  The 
maximum  centre  distance,  which  to  some  extent  cl-epeuded 
upon  tlie  inclination  or  "lie"  of  the  drive,  was  about  20ft. 
Chain  drives  were  usually  quiet,  free  from  vibration,  and 
sufficiently  durable  to  be  reliable  and  economical.  In  first 
cost,  the  more  substitution  of  a  chain  for  a,  belt  or  rope,  with- 
out any  other  change'  in  tlie  conditions,  would  not;  as  a  rule, 
b©  economical.  In  all  probability  a  chain  drive  would  often 
cost  more  than  a  spur  wlieel  drive  for  which  it  was  substituted. 
But  if  it  were  possible  to  remodel  tlie  conditions  of  a  ro)K'  ur 
belt  drive,  so  as  to  make  them  suitable  for  chain  gearing,  the 
total  cost  of  the  installation  would  usually  be  less  with  (  li;'m 
gearing  than  with  belts  or  ro]>es,  be<"ause  si i arte r  o&ntre 
distances  would  be  used,  larger  ratios  were  possible,  and  other 
inudificatious  and  economies  in  design  and  arraiigeiiieni 
would  be  made.  Again,  if  cost  be  defined  as  the  total  cost, 
including  first  cost,  maintenance,  clepreciatioUj  interest,  and 
power  absorbed  in  transniis^ion,  it  was  compjii  Ht  *';isv  I" 

demonstratei  thai  chain  gearing  \va^  iiiucli  clieri per,  wli('r'、  it 
was  applicable,  than  iion-poaitive  drives.  As.  regards  elasticity 
of  speed  ratio,  in  the  present  stnte  of  its  developineut  chain 
gearing  would  not  readily  fulfil  tliis  re(|uire]ricnt. 

A  satisfactory  chain  should  fulfil  the  following  requi 丄 'e- 
ui^nts.  (1)  It  must  be  so-  formed  as  to  be  ca]>al)le  of  ^eariny 
with  suitable  wheel  t'e€tli，  in  such  a  way  t liai  it  would  enter 
and  leave  the  wlieel  without  great  loss  of  power,  and  without 
noise.  (2)  The  joints  must  be  so'  designed  hih!  made  as  k>  he 
capable  of  resisting  wear  for  a  long  ]>eriud  ol  i'iim'.  'I  ll' 
requirements  of  satisfactory  wheels  we're'  (1)  That  the  tooth 
form  should  be  such  that  a  suit^lile  lorm  ut'  ctwiin  link  wouNI 
come  iuto  gear  with  it,  witli  as  little  imj)art  as  possible  ； iih] 
withoui  friction,  would  remain  in  gear  wit li  ii ,  ； uid  would 
leave  it  freely  and  without  friction.  (2)  Small  incrrases  iti 
pitch  of  the  chain  due  to  inevitable  wear,  must  noi  detract 
iioin  tli€-  satisfaciory  fulfilment  of  the  iirst  coiiclitioii . 

There  were  twQ  principal  solutions  of  these  requirements, 
one  of  which  was  consideral>]y  nearei'  jti'il'fM-lio'ii  tliun  the 
other,  the  other,  however,  ]iad  certain  advantages  that  justifies 
its  adoption  in  many  cases.  These  two  solutions  were  the 
so-called  silent  and  busli  roller  chains,  which  were  des- 
cribed in  detail.  A  description  of  these  chains  was  given 
by  the  author  in  a  pape'r  read  before  the  Rugby  Engineering 
Society,  on  November  19th,  1912,  and  reproduced  in  our 
issue  of  November  29th,  1912  (s&e  page  688，  Vol.  XXX  ) 
The  paper  concluded  with  a  description  of  chain  driving  as 
applied  to  various  machine  tools,  &c. 


Formulas  for  Flux  and  for  Solder. —- The  following  fluxes  for 
soldering  and  welding  various  metals  are  given  by  W.  E. 
Rhodes  in  the  "  Electrical  Review  and  Western  Electrician.'' 
卜， (）r  steel  and  iron  use  sal  ammoniac  or  borax  ；  for  zino  use 
chloride  of  zinc  ；  for  lead  use  tallow  or  rosin  ；  for  brass  use  sal 
ammoniac  or  sulphuric  acid.  The  best  solders  for  different 
metals  are  as  follows.  For  lead  use  two  parts  tin  and  three 
parts  lead  ；  for  tin  use  one  part  tin  and  two  parts  lead  ；  for 
aluminium-bronze  use  four  parts  copper,  four  parts  zinc,  and 
three  parts  borax  ；  i'ov  aluminiiun-brass  us©  70  parts  copper, 
30  parts  zinc,  and  five  parts  aluminium  ；  for  bronzing  use 
half  copper  and  half  zinc. 


THE  USE  OF  OIL  FUEL  IN  MARINE  BOILERS.* 

BY  JAMES  S.  GANDEK. 

I  propose  to  confine  my  paper  to  the  practical  details  of 
installation  and  main  ten  ance  dealing  with  several  methods  of 
burning  oil  fuel  in  marine  bailers.  At  the  present  date  there 
are  many  systems  in  vogue,  but  in  the  inerchant  service  we 
may  divide  these  various  methods  under  three  headings : 
(1)  Steam  witli  oil.  (2)  The  direct-pressure  system.  (3)  Tlie 
compressed- air  system.  The  steam  witli  oil  appears  to  have 
been  the  earliest  successful  method,  althcugh  at  the  same  d ate, 
in  1865,  a  very  serviceable'  burner  of  the  hot>air  blast  type 
was  introduced  into  this  country.  The  direct-pressure  burner 
was  patented  at  a  much  later  date. 

丄 ii  order  that  this  paper  may  be  of  some  practical  value  to 
those  who  have  not  yet  acquired  what  we  might  call  oil  fuel 
experience,  I  shall  commence  at  the  first  cycle  of  operations 
― bunkering ~ and  endeavour  to  explain  as  we  proceed,  the 
various  important  details  and  the  precautions  that  must  be 
observed  in  order  to  burn  oil  fuel  successfully  with  any  system . 
It  will  be  seeij  later  tliat  it  is  of  vital  importance  to  have 
clean  bunker  spaces.  The  fuel  bunkers  of  a  ves&el  which  has 
been  undergoing  repairs  should  b©  thoroughly  cleaned  out,  and 
then  examined  by  a  responsible  engineer  before  any  fuel  is 
taken  aboard.  It  is  a  common  practice  to  clean  these  spaces 
with  sawdust  and  bagging,  and  workmen  are  apt  to  leave 
these  materials  in  the  bunkers,  especially  in  the  double 
bottoms.  Should  this  item  be  neglected  we  may  reasonably 
expect  to  throw  lieavier  work  on  the  filters,  and  consequently 
on  the  staff.  Once  tlie&e  fuel  spaces  are  cleaned  in  an  efficient 
niainier  they  may  be  expected  to  remain  so  as  the  ins'::  llations 
sii]n»lyiiig  the  fuel  tako  every  care  to  extract  any  impurities, 
and  further,  a  filler  box  of  a  coarse*  mesh  can  be  fitted  in  1 1 1 
filling  line.  Even  with  fuel  coiLtaining  impurities  a  system 
van  be  efficiently  worked  hy  attention  to'  the  filters,  but  Hh* 
little  labour  involved  in  l\w  cleaning  u(  the  tanks  is  one  whidi 
is  well  repaid. 

The'  opeiaticHi  of  buukonug  is  ； i  very  simple  matter,  and 
l  ;ipidiiv  of  loading  depending  on  tlie  size  of  pipe  througli 
which  the  bunkers  are  received.  The  quantity  can  bo 
acciiratrely  ascertHineci  in  a  lew  "liiuik's  I >\  measiireiiieiit  with 
a  tape  line.  Usually,  drawings  are  provided  giving  tlie 
bunker  capacities  per  fool  depth  ；  in  any  case  it  is  an  easy 
matter  bo  graduate  a  tank  by  running  up  10  tons  at  a  time  by 
ai'ran^nient  witli  the  installation  supplying  tlie  fuel ,  and 
taking  not©  of  the  ullages  in  each  instance.  Measuietnents 
1  ； ikcii  in  this  Hianti^r  art'  ut'teii  found  more  reliablo  i  han 
builders'  tigurey.  After  loading,  I'll©  water  finding  test  \iu\y 
bo  applied  to'  the  -first  tank  loaded ,  and  if  nnv  wnter  1"， 
presenl-,  a  few  inches  or  so  t'roin  tlu'  boitoin,  t he  tank  sliuul'l 
l»e  ]>iun])e<l  into  ； \  settling  tank  where  the  water  may  be  readily 
sr I t;i ratted  by  means  of  the  heating  coils,  and  drawn  off. 

77〃  Sham  with  Oil  N〃.、/'  /".— Fig.  1  shows  the  fuel  burn 
ing  arraiigemeuts  of  the  S.S.  "  Miu'ex."  This  vessel  hay  liccn 
iitted  for  many  years  with  the  steam  with  oil  system ,  with 
Wiillsend  burners.  A  gravitation  tank  is  fitted  at  t lie  port 
ami  slarboadd  side  in  ilie  'tween  deck,  fitted  with  steaming 
(•(— )ils  for  the  separaliou  of  water,  and  with  drains  i'or  running 
the  same.  The  exhaust  from  the  steam  coils  can  be  carried 
to-  the  waste  water  tank  or  to  an  observation  tank.  The  lilliny 
lin&s  to  tliese  tanks  are  so  arranged  that  they  may  be  iilleil  at 
the  same  time  as  thei  bunkers,  and  it  is  a  good  practice  to  i'u】i 
a  few  tons  first  into  these  tanks  and  thus  catch  and  dispose 
of  any  waier  which  may  have  been  present  in  the  ship  ur  the 
shore  pipeline.  In  Eastern  climates  it  is  not  necessary  to  use 
tlio  steam  coils,  as  the  temperature  of  the  buuker  deck  is 
sufficient  to  assist  in  the  separation  of  water  from  oil.  At 
a  temj>erature  of  about  100°  Fah.  the  water  niecliaiiically 
s&p arates  by  r e aso n  of  its  g ravity .  If  a  m ore  complete 
separation  is  desired  it  is  necessary  to  h©at  the  mixture  to 
about  140°  Fah. 

Before  lighting  up  fires  any  water  in  these  gravitation 
tanks  must  be  run  off  This  is  easily  done  in  the  afore- 
mentioned manner.  If  the  vessel  b©  in  a  port  where  it  is  not 
advisable  to  drain  overboard ,  the  water  may  be  run  into  the 
oil  bilges  which  are  quite  dist inct  froTii  the  orditiarv  engine- 
rooni  and  stokeliold  l)ilges.  A  special  connection  is  fitted  to 
the  fuel  pumps  for  draining  these  occasionally.    The  gravita- 

*  Paper  read  before  the  Institute  of  Mai'ine  Engineers,  December  15th.  1913. 
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tion  tanks  in  the  illustration  have  a  capacity  of  J 2  tons 
(、； icli.  One  of  the  two  fuel  pumps  in  the  stuk('lml<i  delivers 
the  fuel  to  these  tanks  from  any  of  Hie  hunkor  spaces  or  double 
bottoms ― usually  the'  after  cofferdam  is  u»ed  lor  greater  (' (川 
veiiieiice  in  measuring  daily  consuinplioii.  A  suction  is  lil 
to'  each  wing  of  the  cofferdam,  whicli  is  divided  by  a  longi- 
tudinal bulkhead.  One  is  a  high  and  the  other  a  low  suet  ion. 
The  higli  suction,  about  4ft.  froin  tin1  bottom  of  1  lie  1  ank,  is 
use<J  at  sea  so  that  no  impuritiew  can  be  drawn  into  t lie  fuel 
system .  The  low  suction  is  used  for  draining  water  or  for 
emptying  the  tank. 

These  tanks  run  for  12  hours  e acl i  before  changing  o\  cr. 
The  operation  of  changing  over  ^liould  have  no  d't  oil  1  lie 
fires.  Tlie  incoming  tank  must  be  opened  up  before  closing 
clown  the  outgoing  one.  Soine times  a  little' smoke  appears  at 
the  funnel  caused  by  the  difference  in  1  lie  IhshI  of  oil  of  1  he 
two  tanks.    This  may  be  anticipated  by  easing  the  oil  valves 
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in  a  little  before  changing  over.  It  is  the  duty  of  each 
ongine-er,  before  going  on  watch,  to  take  soundings  of  the 
gravitation  tanks  and  enter  the  figures  in  the  scrap  log  so 
that  the  consumption  may  be  gauged -  The  oil  flows  by 
gravitation,  hence  the  name,  and  passes  through  filters  or 
strainers  on  its  passage  to  the  burners.  The  filters  are  in 
couple  for  cleaning  purposes,  and  imdei'  ordinary  circumstances 
will  not  need  changing  more  than  two  or  three  times  a  week. 
In  heavy  weat-lier  they  will  need  cleaning  】nore  often,  as  the 
rolling  of  the  vessel  tends  to  stir  up  any  impurities  which  may 
be  present  in  the  oil. 

After  passing  through  the  filters  and  then  through  the 
small  intermediate  oil  valve  attached  to  the  burner  brackete. 


the  oil  reaches  tlie  burners.  A  burner  in  section  i»  sliuwn  in 
Fig.  2.  This  burner  is  of  th<>  orriinary  type,  ynerally  known 
as  the  Wallsend  type,  and  is  tlie  same  as  the  Kusden  &  K<'lcs 
burner.  If  required,  it  forms  a  very  efficient  burner  for  the 
coin  pressed -air  system,  in  whicli  case  the  ； iir  should  be  heatciJ 
before  reaching  tlie  burn<*r  l>y  carrying  tlie  supply  !"|>es 
Hi  rough  the  srnokeboxew,  "ludi  in  tlie  same  maimer  as  in  a 
forced-draught  system  -  In  docks,  where  a  steam  supply  is  not 
available  for  lighting  up,  in  the  event  of  all  ships  fires  being 
out  of  action,  steam  may  be  easily  raised  by  cold  corn  pressed 
air  until  a  pressure  of  about  20 Iks.  is  attained,  when  the  air 
supply  may  be  sliut  off  and  the  stoam  for  atomising  drawn 
from  the  boiler.  Tlie  st cam  supply  enters  at  tlie  top  of  tlu» 
burner  and  the  oil  at  the  bottom .  The  section  clearly  shows 
the  steam  jacket  which  is  t'onried  around  the  oil.  The  steam , 
after  passing  round  the  jacket  chamber,  enters  tlie  hollow 
spindle  through  small  holes,  and  its  emission  from  tlie  burner 
is  controlled  by  an  interior  spindle.  We  liave  thus  two 
separate  spindles ~ one  controlling  the  steam  and  the  oilier 
the  oil  supply.  Furtlier  adjustments  may  be  arranged  by  the 
steam  and  oil  valves  on  the  side  brackets. 

Situated  as  they  are  in  an  average  temperature  of  100J 
Fah.  (in  Eastern  climates)  the  gravitation  tanks  need  no 
additional  lieat  from  the  steam  coils,  and  the  oil  is  further 
heated  a  few  degrees  by  contact  with  the  pipes  on  its  passage 
to  tlie  burners.  In  temperate  and  cold  climates  it  is  advan- 
tageous to  us©  the  steam  heating  coils  and  raise  the  oil  to 
about  90°  Fah.  With  the  steam  with  oil  system  the  tempe- 
rature of  tlie  incoming  oil  is  not  so  important  a  matter  as  with 
the  direct-pressure  system,  for  the  appearance  of  the  flarnc 
indicates  correct  canibustioii  or  otherwise,  and  any  deficiency 
in  the  heating  of  the  oil  from  the  gravitation  tanks  may  be 
remedied  by  a  slight  adjustment  of  tlie  steam  supply  to  tlie 
burners  where  the  steam  jacket  gives  to  tlie  oil  the  required 
； Hklitional  lieat. 

At  the  burners  the  oil  is  heated  hy  tlie  'steam  jacketing  anW 
shoots  into  the  furnace  in  a  spray  of  conical  shajn1  acconi panieil 
by  the  steam,  which  atomises  or  partly  splits  tlie  oil  into  its 
constituent  elements.  Should  the  washer  separating  1 1"' 
steam  and  oil  supplier  inside  the  burner  leak,  it  will  be  noticed 
that  incandescent  sparks  of  carbou  issue  from  tlie  burner. 
This  has  been  caused  in  the  first  place  by  the  man  in  charge 
altering  the  steam  supply  to  overcome  supposed  defective 
lieatiug,  with  the  result  that  too  great  a  supply  of  stoani 
coining  into  direct  contact  with  the  oil  inside  the  burner 
atomises  the  same  too  complelel v,  ami  separates  tUv  二" 卜 ''、 
almost)  entirely  from  the  carbon  contained  in  the  oil.  Tl'rs" 
washers  last  six  inontlis  or  more,  and  no  trouble  need  be 
apprehended  from  tliis  source. 

Before  lighting  fires,  after  they  have  been  out  of  for  a 
considerable  time,  il  may  be  necessary  to  heat  the  oil  in  tlio 
gravitation  tanks,  and  to  circulate  througli  the  supplv  pi]M's 
to  obtain  a  uniform  tenii>eralure  of  about  90°  to  100°  Fah. 
The  steam  pipes  should  be  well  blown  tlirough  to  clear  water 
and  heat  up  the  burners,  aud  then  the  steam  valve  oj>ened 
very  slightly.  With  a  lighted  torch  held  a  few  inches  in  front 
of  the  burner  inside  the  furnace,  and  tlie  oil  valve  opened  very 
slightly,  immediate  conibustion  lakes  place.  For  a  "、、v 
minutes  the  combustion  is  not  perfect  till  the  brickwork  gets 
heated,  but  in  a  very  short  time  the  fires  should  be  burning 
without  smoke.  It  is  advisable  to  light  all  fires  together  and 
not.  to  raise  steam  with  only  one  burner  in  each  furnace,  as 
the  heating  effect  in  the  first  instance  is  much  greater  with  oil 
than  with  coal  ；  also  to  set  the  burners  away  very  easily, 
otherwise  we  may  generate  steam  much  too  quickly  for  ^ood 
boiler  practice.  For  the  first  few  minutes  the  fires  should  he 
set  away  fairly  full  in  order  to  lieat  up  the  brickwork  and 
then  eased  down  to  a  miniiiumi. 

Efficient  circulation  should  be  maintained  up  to  about 
301bs.  pressure,  as  with  coal  burning.  In  boilers  litteil  with 
hydrokineters  steam  can  be  safely  raised  more  rapidly  if  these 
be  opened  some  time  before  lighting  up ― say  two  hours. 
"With  respect  to  the  use  of  hvdrokiueters  it  should  be  remem- 
bered that  if  these  be  opened  too  far,  excessive  vibration  of 
the  boiler  is  caused,  and  any  deposit  at  the  bottom  of  the  shell 
is  likely  to  be  shaken  up  and  deposited  on  heating  surfaces. 
Should  the  fires  have  been  set  away  too  rapidly  tlie  best 
practice  is  to  shut  down  altogether  when  steam  be^"s  to 
show.  So  efficient  is  oil  fuel  as  an  agent  for  raising  steam 
that  one  has  to  guard  against  the  too  rapid  generation  by 
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itiex|HM'iiMU't'Ll  (irenien ― on  the  other  liand,  by  observing  the 
i;nawn  conditions,  no  other  method  of  firing  is  so  easy  of 
adjustment,  both  for  raising  steam  and  for  manoeuvring  with 
t  ii-ines  in  and  out  of  port.  So  effectively  can  the  adjustment 
of  the  valves  be  arranged  that  a  vessel  can  go  from  full  speed 
to  slow  without  previous  notice,  and  not  lose'  steam  through 
the  safety  valves.  With  coal  we  should  liave  to  partly  draw 
fii*es，  with  a  loss  of  fuel,  to  tlie  detriment  of  the  backends,  and 
tlu'ii  not  succeed  in  preventing  the  boilers  from  blowing  off . 

An  important  item  in  the  combustion  of  oil  fuel  with  this 
，v《mii  is  the  regulation  of  tho  pressure  of  steam  supply  to  the 
burners.  I  find  from  practical  experience  tha£  the  most 
economical  pressure  ranges  from  251bs.  to  351bs.  per  square 
inch.  This,  of  course,  is  arranged  in  the  reducing  valve. 
Strange  to  &ay，  the  consumption  of  water  for  burner  st&am 
is  not  greater,  and  in  my  opinion  less,  than  the  consumption 
when  running  the  steam  supply  at  601  bs.  This  is  accounted 
for  by  tlie  fact  that  steam  at  301bs.  from  the  same  reducing 
valve  and  main  boiler  supply  will  be  drier  than  reduced  steam 
;il  f>01bs.  under  the  same  conditions.  This  is  an  important 
feature  in  the  proper  pulverisation  of  the  fuel.  I  prefer  the 
lower  pressure  for  tlie  following  reasons :  {a)  The  burner 
Hame  can  be  adjusted  through  a  greater  range.  With  too 
high  a  steam  pressure  and  when  running  burners  at  a 
minimum  there  is  a  slight  pocsibility  of  the  flame  blowing  out. 
{h)  Better  combustion  of  the  fuel,  as  evidenced  by  the  reduced 
con  sum  ption  and  reduced  funnel  temperatures,  (r)  With  the 
low  pressure  tliere;  is  no  danger  to  backends  should  the  striking 
jiillar  get  knocked  down  without  being  observed'  by  th-e 
engineer  on  watch,    (d)  Decreased  consumption  of  water. 

The  burner  steam  should  be  connected  with 
the  auxiliary  steam  line  and  should  have  a  separate 
connection  from  the  donkey  boiler.    The  proper 
adjustment  of  the  steam  and  oil  valves  is  a  matter 
which  needs  very  little  practice  to  obtain  the  best 
results.      The  flame  jet  from  the  burner  should 
form  at  a  distance  of  2in.  or  3in.    from  the 
nozzle,  and  not  start  directly  from  the  burner,  as 
this  tends  to  deposit  carbon  on  the  end.  The  burner 
should  be  set  in  a  central  position  with  regard  to 
the  striking  pillar,  and  pointing  downwards  at  an 
angle  so  that  both  the  vertical  and  horizontal 
centres  are  struck.    To  facilitate  the  】naiiipulatiou 
of  the  flame  jet  the  burner  is  mounted  on  trunnion 
joints  at  the  bracket  end  of  the  supply  pipes. 
Burner  s])in riles  should  be  set  correctly  at  the 
commeucement  of  a  voyage,  and  any  regulation  of 
supply  arranged  from  the  side  valves.     By  tliis 
means  we  insure  that  the  flame  always  strikes  the 
pillar  at  the  correct  position  for  economy.  When 
this  is  the  case  the  incoming  air  supply  mixes  equally 
with  the  primary  products  of  combustion,  and 
the  deposit  of  carbon  is  prevented.    With  clean  burners  and 
filters  at  the  commencsment  of  a  voyage,  proper  attention  to 
filtration  and  the  setting  of  the  burners  in  the  first  instance, 
the  latter  will  not  require  cleaning  for  several  months.  The 
burners  are  detached  in  a  few  seconds  and  usually  a  spare 
burner  is  fitted  on  trunnions  ready  to  be  swung  into  position 
should  tlie  other  on  the  furnace  need  overhauling.  One 
burner  in  each  furnace  is  sufficient  for  all  ordinary  purposes. 

The  brickwork  of  the  boilers  should  be  well  laid,  that  it 
may  stand  heavy  weather.  The  position  of  the  striking  pillar 
and  the  area  of  opening  at  ihe  neck  of  the  furnace  are 
important  factors :  without  a  well-ai-ranged  brickwork  it  is 
impossible,  how&ver  well  other  parts  of  this  particular  system 
may  be  designed,  to  obtain  the  best  results.  The  striking 
pillar  acts  as  a  retarder  to  tlie  otherwise  too  rapid  passage  of 
the  flame,  assists  the  furnace  to  perform  tli©  duty  of  a  heating 
surface,  and,  being  heated  almost  to  a  white  heat,  helps  that 
particular  stage  of  combustion  which  takes  place  in  its 
vicinity.  Without  a  striking  block  we  might  be  using  the 
combustion  chamber  as  a  furnace  and  the  uptake  as  a  com- 
bustion chamber. 

Tlie  sides  of  the  pillar  are  strengthened  in  a  simple  manner 
against  heavy  rolling  by  the  addition  of  side  arches.  The 
area  of  opening  at  the  end  of  the  furnace  should  be  such  that 
an  average  man  can  enter  without  having  to  pull  down  brick- 
work. A  circle  of  18in.  diam.  is  sufficient  .  It  will  be  seen 
from  the  drawings  here  shown  tliat  ilie  back  brick  rings  euter 
the  combustion  chamber  for  half  their  length  to  give  suj)port 


to  the  brickwork  round  the  saddle  plate.  The  bricks  in  the 
combustion  chamber  are  carried  to  an  all-round  height  of  3in. 
below  the  bottom  row  of  tubes.  The  masonry  sliould  last  from 
one  docking  to  another,  with  the  exception  of  ihe  striking 
block,  where-  it  is  necessary  to  remove  the  top  two  rows  for 
access  to  the  backends.  Sometimes  a  brick  is  loosened  l)y  a 
careless  fireman  removing  the  carbon  product  of  incorrect  com- 
bustion. This  may  be  anticipated  by  supplying  the  firemen 
with  light  &t&el- tipped  slices  of  |in.  diam which  will  remove 
carbon  without  damaging  brickwork.  All  studs  and  nuts  for 
coal  burning  gear  support  are  fireclayed  over. 

The  incorrect  adjustment  of  the  steam  and  oil  valves  may 
cause  a  heavy  smoke  at  the  funnel  and  a  carbon  deposit  on  the 
striking  pillar.  It  is  generally  possible  on  most  vessels  to 
obtain  a  view  of  the  funnel  from  below,  and  smoke  can  be 
entirely  prevented  by  examining  the  a])pearanc3  of  the  flames 
in  the  various  furnaces  and  regulating  those  at  fault.  A  tliia 
smoke  is  rather  desirable,  as  it  is  an  indication  that  steam  is 
not  being  wasted  up  the  funnel.  Smoke  can  l)e  innnediately 
stopped  by  giving  additional  steam  to  the  burner  or  decreasing 
its  oil  supply  by  means  of  ihe  bracket  valves. 

The  appearance  of  tlie  flame  in  the  furnaces,  in  colour  and 
in  form ,  gives  indications  of  economical  combustion  or  other- 
wise, and  very  little  experience  is  necessary  to  appreciate  tlie 
differences.  With  perfect  combustion  the  flame  stream  com- 
mences 2 in.  or  3 in.  from  the  nozzle,  the  intermediate  space 
being  filled  \>y  a  gr&yish  、'； ipour,  and  wraps  symmetrically' 
around  tlie  striking  pillar  in  a  blaze  of  brilliant  wliite  slightly 
tinged  with  yellow.  Too  brilliant  and  too  wliit?;  a  flame 
means  that  too  much  steam  is  being  used.      Excess  of  steam 
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gives  a  bluish  transparency  at  the  point  of  contact.  With 
too  much  oil  the  flame  assumes  a  deeper  yellow  tinge  and 
streaks  of  dark  will  be  observed  in  the  stream  from  the  nozzle. 
An  excess  of  oil  will  cause  smoke  in  the  furnao©  and  a 
yellowish-red  colour  to  the  flame.  Still  more  oil  being  sup- 
plied to  the  burner,  ihe  mixture  does  not  atomise  and  is 
deposited  in  a  liquid  state  on  the  striking  block. 

The  presence  of  water  in  the  fuel  has  a  retarding  ei\evi  on 
the  (leronij)osition  by  robbing  the  gases  of  the  heat  necessary 
for  pulverisation.  A  slight  percentage  will  have  a  cooling 
effect  on  the  striking  block  and  larger  quantities  will  cause 
portions  of  tlie  oil  to  b&  deposited  on  the  striking  block  in  tlie 
form  of  carbon.  It  is  a  difficult  point  to  say  exactly  what 
percentage  of  water  】nay  be  preoent  in  the  oil  without  having 
a  serious  effect  upon  the  fires,  as  the  water  separates  mechani- 
cally on  its  passage  to  the  fires  and  in  the  gravitation  tanks. 
In  an  experiment  made  with  special  apparatus  the  actual 
energy  lost  by  the  presence  of  water  in  tlie  fuel  was  found  to 
be  1314  B.T.U.  per  1  ]>er  cent,  water  in  addition  to  that  lost 
by  the  absence  of  tlie  quantity  of  oil  which  it  replaces.  In  a 
ship  burning  20  tons  fuel  per  day  with  a  1  per  cent,  mixture 
of  water  and  assuming  the  value  of  the  fuel  at  18,000  B.T.U. , 
tlie  evaporative  power  of  the  boilers  at  tlie  given  consumption 
is  decreased  by  mor©  than  1  per  cent.  It  is  therefore  an 
important  mattei*  to  separate  the  water,  it'  jhiv  l>e  |)i*esent . 
This  is  easily  done  iu  tlie  ^r;i vitation  tanks,  juul  proper 
attention  should  be  given  by  examining  the  drain  cock  on  the 
tank  before  changing  over. 
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The  point  lias  frequently  been  raised  as  io  wlielhcr  st ram 
used  for  j)iilverisaiioit  is  actually  bui-nod  it  self  alon^  wit  li  t  lie 
oMh-1"  ]>i oclucts  of  the  primary  coiiilmstion  consfMpicnt  on  ilie 
fonnation  of  hydrogen  and  carbon  monoxide.  If  this  were 
true  the  <""'rgv  "n'm'ratt'd  I>y  t  lic'  rornl)usl  ion  uf  1  his  slr;un 
should  i  o  soin(、  ex  (cut  h;i  laitct^  tlie  st'eam  sujjplicd  t  roin  (lie 
boilor  for  his  jmrp (聽， which  may  range  between  5  and  10  per 
cent .  of  the  total  evaporation.  I n  practi ② this  is  found  to  bo 
a  fallacy,  and  we  may  safely  asHiuno  that  any  heat  so  generated 
only  balances  that  given  out  by  the  burning  gases  to  decompose 
the  steam . 

The  air  supply  to  the  bottom  of  the  furnace  should  be 
regulated  by  movable  dampers,  the  quantity  of  air  to  he 
supplied  depending  naturally  on  the  rate  of  combustion.  The 
full  opening  of  tlie  dampers  of  an  ordinary  marine  boiler  under 
running  conditions  should  be  about  30  sq.  in.  per  ton  fuel 
consumed.  This  gives  for  an  ordinary  boiler  an  opening  of 
about  9in.  by  6i".，  and  this  may  be  reduced  if  possible,  as  too 
groat  an  air  su])])ly  tends  to  delay  combustion.  When  running 
at  reduced  speed  the  danipers  ought  to  be  closed  in  as  far  as 
possible  without  forming  smoke.  On  no  account  should  the 
damper  be  full  open  when  running  easy,  as  a  current  of  cool 
air  is  set  up  which  may  have  a  bad  effect  on  tubes,  exactly  as 
with  coal  burning. 

On  finishing  with  boilers  all  ashpit  and  main  dampers  must 
be  shut  clown ,  and  it  is  an  advantage  to  turn  ventilators  of  the 
stokehold  back  to  wind  and  close  storm  plates.  Just  as  (lie 
initial  heating  effect  of  oil  is  greater  than  1  liat  of*  coal,  so  also 
is  the  cooling  effect  wlien  fires  are  shut  off,  as  we  have  no  fires 
to  burn  down,  with  a  waste  of  fuel,  as  in  the  case  of  coal 
burning. 

So  far  as  marine  boilers  are  concerned  tlie  principal,  and 
we  ixiiglit  say  the  only,  drawback  to'  the  steam  system  is  tlie 
water  consumption.  Authorities  differ  widely  as  to  the  [>e r- 
centage  of  steam  generated  in  the  boilers  for  burner  use  com- 
]>ared  with  the  total  evaporation.  The  lowest  figures  available 
arc  those  of  t  he  United  States  Liquid  Fuel  Board ,  at  a  trial 
of  a  Hayes  steam  burner.  The  percentage  obtained  in  this 
case  was  4^  \>er  cent,  of  the  entire  evaporation.  We  must, 
however,  reniembor  that,  in  tlie  words  of  the  report  "  This 
boiler  was  piped  to  furnish  steam  for  the,  steam  burners,  and 
has  no'  other  pipe  leading  from  it."  To'  compete  with  such  a 
result  ou  a  sea-going  vessel  we  require  an  impossible 
evaporator  with  an  efficiency  of  100  per  cent,  ami  no  blowdown 
or  coiHlensing  losses. 

In  the  case  of  the  s.s.  "  M urex/  wliose  fuel- burning 
arr;uigemeiit  is  shown  on  Fig .  1，  t  he  cousumptioii  of  water  for 
all  purposes,  so  far  as  engines  and  boilers  are  concerned, 
amounts  to  10  tons  per  day.  Allowing  tor  engine  and 
auxiliary  losses  2h  tons,  we  ar-e  consuming  7.1  tons  per  day  i'or 
burner  steam.  Assuming  an  average  evaporation  of  14.Ubs. 
of  water  per  pound  of  fuel,  and  a  consumption  in  main  boilers 
of  17  tons  fuel  ]>er  day,  tlie  percentage^  works  oul  at  three. 
I  n  actual  practice,  when  making  up  1 1  ie  feed  from  an 
evapm'ator,  the  candensing  and  blowdown  losses  considered 
with  the  efficiency  of  the  evaporator  raise  the  ratio  to  5  per 
cent.  In  other  words,  on  a  consumption  of  17  tons  per  day 
85  tons  fuel  is  used  in  making  up  burner  steam  supply. 

The  steam  with  oil  system  has  the  merit  of  absolute  simpli- 
city, and  where  a  cheap  supply  of  fresh  water  is  available  such 
as  in  river  boats,  and  i'or  shore  installations  will  probal>lv 
hold  its  own  for  some  time  yet  on  account  of  the  cheapness  of 
first,  cost.  For  ocean-going  steamers  the  cliroct-])ressur©  system 
is  toiuid  to  he  hi r  more  ecnnomical,  tlie  iiddit ional  first  cost 
being  repaid  in  a  few  months  l)y  the  5  to  8  per  cent,  saving 
of  l"nel  which  may  be  expected. 

(To  he,  continued.) 


Lubricating  Rails  on  Sharp  Curves.  On  railway  tracks  whert> 
1  lie  curves  a  re  excessive  it.  is  usual  to  lubricate  t  he  rails  in 
order  lo  ease  friction  duo.  to'  t ho  normal  revolution  of  tho 
wheels  being  either  forced  or  retarded  on  the  outer  and  inner 
rails  respectively,  owing  to  t lie  disparit \*  in  1  heir  l^n^t h. 
Tliis  is  generally  done  by  hand,  hut.  on  t  lio  Liverpool  overhead 
line,  and  others,  an  aulonwitic  arraugenuMit  invented  hv  M r. 
E.  S.  Neacholl,  of  that  line,  has  been  adopted.  This  labour- 
saving  device  consists  of  a  grease  box  by  tlie  side  of  the  line, 
with  a  deflection  bar  attached  to  the  rail.  Every  wheel  that 
]>asyes  over  the  ba r  depresses  the  latter,  whit-h  art natvs  a 
ratchet  and  pawl,  whereby  a  spurt  of  grease  is  placed  on  the 
side  of  every  wheel,  before  it  reaches  the  curve. 


MULLERS  STEAM-CONDENSING  PLANT. 

The  accompanying  illustrations  sliow  an  arrangement  of  steam 
condensing  plant,  the  invention  of  Mr.  Paul  H.  M tiller,  11， 
lleinrichstrasse,  Hanover,  Germany,  wherein  the  cooling 
water  supplied  to  the  condenser  and  the  water  for  oj>eratiii^ 
an  air  ejector  of  the  water-jet  type  for  drawing  off  the  air  and 
other  non-condensable  gases  from  the  vacuum  npace  of  tlie 
condenser  are  supplied  by  means  of  the  same  <:irculatin^ 
pump.  Fig.  1  represents  a  side  elevation  of  the  plant,  and 
Fig.  2  is  a  vertical  longitudinal  section  of  the  primary  air- 
separating  tank.  A  represents  a  circulating  pump  which  is 
connected  by  means  of  the  main  supply  or  suction  pipe  B 
with  a  river  or  pond  C.  The  circulating  pump  A  lifts  the 
cooling  water  and  forces  it  under  pressure  through  a  pipe  I) 
provided  with  a  valve  W，  to  the  cooling  space  of  a  surface 
condenser  E.  The  exhaust  steam  from  the  steam  engine  is 
delivered  to  the  vacuum  space  of  tlie  condenser  and  t  ho  water 
of  condensation  is  drawn  off  through  a  pipe  V  at  tlie  lower 
part  of  the  same.  Tlie  water  used  for  cooling  in  the  surface 
condenser  is  conducted  through  a  delivery  pij>e  F  to  an 
elevated  tank  G.  A  branch  pipe  H  of  the  pipe  D  is  bent  in 
downward  direction  and  provided  with  an  air  ejector  J  and  a 
water-delivery  pipe  K  below  the  same,  this  air  ejector  bf'iiiy 
operated  by  a  jx>rtioii  of  the  water  supplied  by  ilio  pump  A. 
The  air  ejector  ，J  is  connected  by  an  air  suction  pi|>e  O  witli 
the  vacuum  space*  of  tlie  surface  condenser.  Tlie  vH','  itv  <  I' 
the  water  is.  converted  into  pr^r-surc-  and  the  mixture  of  air 
and  water  is  delivered  by  the  pipe  K  into  an  air-separating 


Fig.  -2.— Mullku's  Stkam  Condknsing  I'lant. 


tank  L,  wliich,  as  shown  in  Fig.  2,  is  formed  witli  a  conical 
enlargement.  Owing  to  this  conical  enlargement  of  the  tank 
the  velocity  of  the  water  entering  tlie  latter  is  considerahlv 
cliniinislied.  The  out-going  end  of  the  tank  L  is  diminished 
in  size  or  contracted  so  as  to  permit  the  even  flowing  off  of  the 
water  lluou^h  the  pip©  M  into  the  main  supply  or  suction 
pipe  B  of  the  circulating  pinup  A.  For  preventing  tlie 
liiriiing  of  the  water  in  the  tank  on  tlie  longitiulinal  axis  of 
the  same  there  is  arranged  in  the  inlet  end  of  the  tank  in  the 
longitudinal  cent  re  plane  of  tlie  same  a  short  partition  wall  U. 
The  water  gradually  assuniCvS  a  reduced  speed  in  its  horizontal 
passage  through  tlie  tank,  m>  t  hat  tlio  air  carried  along  hv  the 
water  is  separated  from  the  latter  and  collects  at  the  ii])]>er 
widest  portion  of  tlie  tank,  where  it  is  conducted  into  the 
atinospliero  hv  an  air  outlet  )>i]>e  T,  wiiirh  is  niatle  of  Mirtiri'-nt 
height  so  as  to  ret ain  the  water  t lierein  at  am'  variation  of 
pressure  in  the  tank  L  t  hat  niiglit  oocur  during  working. 
The  de-jrrated  water  is  now  conduct  eel  through  the  ret  u  rn  ]>i]>e 
M  back  into  the  suction  pipe  of  the  pump,  where  it  is  mixed 
with  the  colder  water  drawn  up  by  tlie  pump.  The  separation 
of  the  air  from  the  water  is  an  important  feature,  as  the  air 
is  thereby  prevented  from  passing  with  tlio  water  into  the 
j)uinp  and  inij)airing  the  proper  working  of  the  same.  The 
pressure  witli  which  the  air  ejector  is  worked  is  determined 
by  the  height  of  tlie  tank  G  and  the  resistance  of  tho 
caudenser.  , 
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SIZE  OF  VESSELS  AND  DEPTH  OF  HARBOURS. 

The  elTeft  on  the.  world's  harbours  of  the  present  deepening 
of  the  Suez  Canal  and  the  capacity  of  the  Panama  Canal  is 
discussed  by  Lord  Pirrie  in  a  memorandum  which  lie  has 
submitted  to  the  Dominions  Royal  Commission.  He  states 
that  these  fccanals,  by  providing  for  the  passage  of  larger 
vessels  than  those  at  present  engaged  on  the  routes  involved, 
will  encourage  shipowners  to  build  vessels  up  to  the  maxiinuin 
dimensions  which  they  will  pass,  and  so  increase  the  demand 
on  the  part  of  shipping  for  an  increased  available  depth  in 
the  principal  harbours  of  the  world.  There  is  no  doubt  1  hat 
the  minimum  working  depth  now  desirable  for  a  first-class 
harbour  is  at  least  40ft.,  and  in  view  of  the  time  which  it- 
takes  to  get  harbmir  authorities  in  motion,  and  to  obtain 
results  from  them,  Lord  Pirrie  thinks  the  minimum  depl  h 
which  harbour  engineers,  or  any  report  on  harbour  facilities, 
should  now  recommend  is  at  least  45ft.  Lord  Pirrie  states 
that  his  firm  has  recently  built  by  far  the  largest  vessel  yet 
put  into  the  Australian  trade,  and,  provided  Australian 
harbour  facilities  permitted,  lie.  would  not  be  justified  in 
setting  any  limits  for  vessels  in  such  a  trade. 

Sir  John  Harvard  Biles,  discussing  tho  economic  size  and 
speed  of  steam  vessels,  states  that,  if  unrestrained  draught  be 
attainable,  a  fleet  of  a  few  large  steamers  is  more  economical 
for  cargo-carrying  than  a  fleet  of  a  large  number  of  small 
steamers.  Tlie  tendency  to  increase  th-e  size  of  ships  is 
indicated  by  the  fact  tliat  in  1913-14  tliea'e  were'  29  ships 
between  15,000  and  20,000  tons,  as  against  17  in  1912-13, 
while  the  total  number  o've'r  10,000  tans  was  206  in  ]  913-14， 
against  177  in  the  previous  year.  As  far  as  the  distant 
elomiiiious  are  concerne<l  there  would  appear  to  be  little 
advantage'  gained  by  any  ]>racticable  dee]>ening  of  tlie  Suez 
Cfuia】.  The  rat©  at  which  the'  canal  has  been  deepened 
would,  if  contiiiuausly  applied,  take  many  years  to  reach 
J。tt.，  a  I  h.I  even  theji  lliere  would  be  jiu  appreciahle  ^ain  in 
using  the  canal  for  the  far-off  dominions.  As  far  as  Jndia 
and  China  are  concerned,  there  would  still  b©  ail  advantage, 
on  account  of  distances  saved.  It  nuiy  be  that  the  increased 
d raught  available  in  tlie  Panama  Canal  will  make  it  possible 
to  ruu  more  eeonoiitK-  M  ';uwrs  of  greater  length  to  Cliina,  in 
spite  of  the  greater  distance.  He  stales  it  is  not  unreasonable 
to  predict  that  within  20  or  30  years  a  dept'li  oi'  liarl>our 
GOft.  could  be  profitably  employed. 


Sparks  in  Mines ；    Low-voltage  Tests. 一  In  th'  <。m  "  ,,i  i\w 

evidence  tendered    at  the  inquest  on  victims  of  ihc 

Senghenydd  Colliery,  Mr.  C.  P.  Sparks,  M.Inst.E.E.,  of  the 
firm  of  Messrs.  Sparks  Sons,  M oorgat c  (  Wt'l/，  Loncloj) ,  s;iif] 
that  he  inspected  tlio  electrical  signalling  apparatus  at 
Senghenydd  in  conipany  with  Mr.  Nelson,  tlie  Electrical 
Inspector  of  Mines.  Starting  wiih  the  general  statement  that 
making  and  breaking  contacts  cause< I  slight  sparking,  ho  said 
lie  conducted  experiments  jij o»l  favoiirable  for  ignition.  On 
January  Lst  there  was  a  series  of  t^sts  as  to  whether  there 
could  be  ignition .  An  explosive  mixture  was  obtained,  and 
inside  a  cliamber  18in.  de&p  a  bell  was  hung.  The  mixture  of 
gas  and  firedamp  air  was  passed  through  the  chaiuber.  The 
maximum  conditions  were-  observed .  Many  hundreds  of 
signals  were  given,  but  it  was  found  impassible  to  lire  the 
mix! are.  To  increase  the>  intensity  of  the  test  the'  oovev  was 
removed  from  the  bell.  Although  a  spark  was  given  off  it 
was  not  of  sufficient  intensity  to  ignite  the  mixture.  '  They 
began  with  9  volts-  and  went  up  to  13  J  without  result.  They 
then  put  50  per  cent,  more  on  to  the  current  and  50  per  cent. 
on  to  the  presS'Ure,  and  yet  the  gas  could  not  be  fired.  Town 
gas  and  air  did  firei.  They  further  experimented  up  to  a  10 
per  cent,  mixture  with  18  volts,  but  nothing  happened.  The 
witness  produoed  a  sample  bell  and  an  actual  bell  used  in  tlie 
signalling  system  at  Senghenydd.  His  conclusion  was  that  no 
ignition  took  place,  and  he  based  this  view  upon  tli©  internal 
condition  of  the  bell  at  engine-room  No.  2  and  the  bell  at  the 
d rum  engine-house.  The  working  pressure  and  the  current  in 
this  system  were  insufficient  to  fire  the  mixture. 


WATER  SOFTENING  AND  PURIFICATION.^ 

BY  H.  J.  DE  Q.  LENFESTEY,  F.C.S. 

(Concluded  from  page  25.) 

Having  recounted  the  various  impurities  found  in  waters  used 
in  boiler  feed  and  other  purposes,  I  shall  now  proceed  to 
investigate  the  various  means  by  wliich  these  objectionable 
impurities  may  be  removed.  As  previously  stated ,  the 
carbonates  of  lime  and  magnesia  are  held  in  solution  by  means 
of  loosely  combined  carbonic  acid.  In  order  to  remove  these 
compounds,  therefore,  it-  is  only  necessary  to  provide  some 
means  by  which  this  loosely  combined  carbonic  acid  may  be 
severed  from  its  connection  with  the  neutral  carbonates. 
This  can  be  done  mechanically  by  means  of  heat.  On  boiling 
water  the  carbonic  acid  is  driven  off  and  tlie  carbonates  of 
lime  and  magnesia  are'  precipitated.  This,  however,  is  a 
very  expensive  process ,  unless  a  large  quantity  of  exhaust 
steam  is  available',  and  then  means  must  be  provided  for 
removing  the  oil  which  is*  conveyed  to  the  water  from  the 
exhaust  steam .  Boiling,  however,  is  not  sufficient  in  t he  case 
of  bi-carbonat©  of  magnesia,  for  this  cumpound  is  soluble  in 
water  to  a  considerable  extent,  even  when  the  carbonic  acid 
has  been  driven  off.  The  best  methods  for  dealing  with  the 
bi-carbonates  of  lime  and  magnesia  in  wat&r  is  unquestionably 
the  addition  of  some  chemical  to  the  water,  wliich  will  com- 
bine with  the'  carbonic  acid  forming  an  insoluble  compound 
which  is  precipitated.  Tho  cheapest  and  be&t  cheaiiical  for 
this  purpose  is  lime.  If  lime'  is  added  to  a  water  containing 
calcium  and  magnesium  bi-carbonates  in  -sufficient  quantity 
to  combine  with  the  whole  of  tlie-  loosely  conibined  and  i'reo 
carbonic  acid,  the  whole  of  the  carbo'nat'es  will  be  precipitated 
with  the  exception  of  about  1  \  grains  per  gallon  of  calriuiii 
carbonate,  which  is  a  negligible  quantity. 

The'  following  equations,  will  in;ikc  I  In.-  j-cactiuns  (juile 
plain  : — 

CaCO;;  +  CO,  -I-  H,Q  =  Ca  (HCO,), 
lusol.  Solul»lc. 

Ua  (HC03).2  +  CaO  二  2Ca  CO:i  +  H,0. 
Soluble.  丄】 isol. 

I  ii  l\w  cfisi'i  of  uiagneHiuin  bi-carhoiiat©,  the  corresponding 
i'i(uatioii  is  ： ― 

Mg(HCO,)2  +  CaO  -  CaCO.  +  MgCa  +  fLO. 

Bui  i  lic  iiuigiM'si;!  woukl  noi  thus  Itc  snt  isfn*"! oi-ily  prt'cipi 
i  ateel ,  ber;i us  •  uoniuil  iruigiiesiiun  i"arl>oiiate  is  fairly  solnhle- 
in  water.    To  remove'  niagne^ia  il  must  he  i'uKlit"'  r ('山 '''("I  to 
1 1  yi  I  rale,  whu-lt  is  jnaclifally  iiisoIul.)U\ 

TIip  following  equation  indi ('； d('s  tin-  ronciioiis  、vhi''h  t;'l"、 
place  in  the  ca»se  of  niagnesiit  ： 

MgCO,  +  CciO  +  ILX)  -  (OH),  I-  CaCO,. 
Ilt'm'r  hi  rarl'()i""c  of  nia^iifsiji   rwiiivs  t wicc  ； is  nt urli 
lime-  k)  deal  wiili  it'  as  i  1 1 r  c(piivalenl  qiianlit  \-  <>t.      r;irl" 川 ah, 
o I'  lime. 

( 'ansf  ic  soda  or  harium  liy 山 may  ； i Ik1  us(.m!  U*r  tli'、 
rrmo\'al  uf  1  in'  c;i rlxmai  c  liard nrss,  hut  I.juI  1]  these  suhstances 
are  very  nm<-li  i r i or©  expensive',  l>e«idos  having  oIIht-  draw 
]);)cks.  ( 'aiislir  wod a.  slumld  not-  be  used  unless  t  ht_'iv  is 
su  flicienl  <'alciuui  suljihalc,  chloritlo,  or  nit  rale  to  lis"  u\)  t  lie 
sodium  ca rlionai  f  wliich  is  produced  hy  the  int  eraclinn 
between  the  caustic  soda  and  the  l)i-carlK)nale  of  lime. 

Ca(HCO》2  +  2NaOH  =  Na2C03  +  CaC03  =  H20. 

Caustic  soda  has  also  the  disadvantage  of  being  vny 
dangerous  to  handle,  and  should  an  ©xoess  occur  in  tlie  ii'  :"f''j 
water  it'  is  very  harmful  to'  boiler  fittings.. 

In  tli©  case  of  barium  hydrate  the  reactions  taking  p];wc 
are  illustrated  by  the  following  equations  ： ― 

Ca(HCO;i),  +  Ba(OH),  =  CaC03  +  BaCO;!  hH,(). 

Carbonate  of  barium  is  obtained  and  this  in  turn  act-s  on 
the  sulphate  of  calcium ,  if  present,  thus  ： ― 

BaC03  +  CaS04  =  BaS04  +  CaCO:! 

Barium  hydrate  should  not,  however,  be.  used  for  water 
used  for  drinking  purposes,  as  the  salts  of  barium  a.re  very 
poisonous. 

Calcium  sulphate,  calcium  chloride,  and  calcium  nitrate 
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are  most  suitably  and  cheaply  removed  by  means  of  soda  ash, 
tli©  reactions  i,akin^  place  hping  repre^nUnl  l>y  i\\e<  following 
ocjiiai  ioiis : — 

CaS04  +  NaaCO,=  Na,SO,  +  CaCO,. 

CaCl,  +  Na  ,CO,  =  2  NaCl  + 
('"(NO::):,  +  Na,CO;!  =  CaCO::  +  2  NaNO,. 
Magm'siiim  sulphate,  magnesium  eh Knidc,  and  ma^nesiuni 
nit-ralej  Kiav  he>  removal  eit  Ihm*  by  the  use  of  canst  ir  soda  or 
lime  and  soda  ash.     ]  n  t  he  case  of  caust  ic  so<la  1 1 1 f 1  ivaH  i()ns 
«ire : — 

M^SO,  -I  2NaOH  -  M^(OII),  I  Na-.SO,. 

Mu(;i,  +  2NaOH  =  Mg(OH),  -|-  2  Nad. 

Ma(N();{),  +  L>  NaOH      2  NaNO,  +  M-(OH  ).. 
ami  ((^acl  ions  wil  li  lime  ;i  ix!  so(l;i.  ash         n'|>n'si'hl  f'<l  l»y 

t  li*'」  following  *M|u;ii  ions  : — 

+(^(011、  I  Na,(,0,=  Mg(OTI),  +  (,;iC,0,+  Na,S()1. 
M,u(M,  I  ('a(OII),  +  Na,('(\  -  Mg(OII).j  I  CaCO,  +  2  NafM. 
Mg(N03).,+Ca(OH)2H  Na3C03  =  Mg(OH)3  +  CaCO%(2NaN03), 

11,  will  1  Ims  be  see"  ilia!  all  tli^  liardeniu^  salts  pit^t'iii  in 
waicr  may  l>e<  mno'veW  simply  by  tlie  usei  of  lime  and  so<la  ash. 
Acid  waters  ai  e  also  ainenai)Ie  ")  the  I  r^;il  ment  of  lime  and 
soda . 

The  removal  ol'  grease  and  oil  fro'm  \v;iUml  m;tv  Ik1  ln"uught 
；山 m",  <Mt  lu'f  l>v  (iKM'haniral  or  clieTii i<ial  means.  The  latter 
iiM-ans  would  ho  hel  Ifr  dm-rilted,  perhaps,  as  rli('mi(':d  and 
niochaniral  coin l)ined,  as  cheiiiicals  are  ； ulded  1<>  ll"'  w'asv 
w;ii  er  and  1  liese  oinhinc  I'or  iniii^  a  culloidnl  preri|'it  ale,  and 
this  ])i'eci|)it.;itc  absorbs  the  oil  ]>;i t'i  ides  in  Uie'  water  ； ind 
carries  1  he  oil  down  niccliaiiicall  v  w i 1 1 1  I  lu1'  ]>reci])il  at  p.  Oil 
or  greriftp  occurs  in  IV"d  water  in  two  conditions,  being  present 
cil  litM-  in  ("ompjii-at  ivel  v  lar^e  or  coin | »a rat  ivcly  small  particles. 
Free  oil  nwiy  be  (leliiHMl  as  tJiat  wliicli  is  pi't'SPiii  in  part  icle®  of 
xucli  size  tli at  their  hcliavioui'  is  controlled  by  the  ordinary 
hydrostatic  or  gravimetric  laws.  The  particles  will  con- 
sequently rise  to  the  surface'  of  the  water  in  a  moderate  time 
or  adhere  to  tlie  sides  of  Hie  containing  vessel ,  or  will  aggregate 
in  larger  masses.  They  may  be  removed  from  the  water 
in* chanically  by  filtering  through  a  medium  of  ordinary 
texture,  such  as  filter  paper,  felt,  or  cloth. 

Emulsified  oil  may  be  defined  as  that  in  wliicli  t  lie'  particks 
are  soi  minute  they  can  no  longer  obey  the  ordinary  laws,  but 
are  governed  by  the  special  laws  wliich  have  been  discovered 
to'  apply  to  finely-divided  substances  suspended  in  a  fluid,  in 
wliich  the  dimensions  of  the  particles  form  a  very  important 
factor.  Emulsified  oil  is  readily  recognised  in  the  condensed 
water  by  the  milky  appearance  it  causes.  The  individual 
globules  are  quite  inappreciable  to  the  unaided  eye,  but  thev 
can  be  readily  distinguished  under  a  moderate  power  of  the 
mirrosrope.  They  are-  best  seen  and  studied  under  a  high 
]K>wer,  surh  as  is.  emploved  for  bacteriological  work,  and  will 
t  lien  be  seeil  to  be  of  varying  size,  some  being  no  more  than  one 
100,000th  part  of  an  inch  in  diameter.  Tliey  are  consequently 
incapable  of  removal  l)y  filtration  through  any  ordinary 
medium,  being  themselves  much  smaller  than  the  mesh  of  any 
m;ileri;i]  which  roukl  practically  he  employed.  In  this  state 
1  lit1  «>il  is  very  tlittioult.  to  remove,  hut  it  may  be  accomplished 
by  adding  sulpliate  of  aluniina  and  carbonate  of  soda  to  the 
water,  antl  tlie  whole  sul)jed(*(l  to  a  thorouo'h  agitation.  The 
precipitate  wliich  forms  retains  the  whole  of  the  oil.  The 
precipitate  is  allowed  a  cert ain  time  to  settle  and  the  last 
traces  filtered  off,  and  the  resulting  water  will  be  found  to  be 
quite  free  from  all  traces  of  oil. 

Mechanical  exliaust  steam  separators  afTord  a  partial  solu- 
tion to  the  problem  of  removal  of  oil  from  boiler  feed-waier. 
In  these  contrivances  the  steam  is  treated  as  such.  A  partial 
condensation  is  allowed  to  take  place,  and  the  steam  is,  so  to 
speak,  washed  by  the  resulting  water,  which  together  witli  the 
oil  accompanying  it,  is  removed  from  the  separator  either 
continuously  or  at  intervals.  Tlie  dilTerent  tv]>es  of  apparatus 
in  use  are  of  varving  degrees  of  efficienov,  and  some  remove 
a  large  proportion  of  the  oil.  T  have  never  come  across  one, 
however,  which  has  succeeded  in  effecting  a  complete  removal 
of  oil.  Very  extravagant  claiins  have  been  made  of  the 
efficiency  of  some  types  of  separator,  but  nevertheless  it 
frequently  happens  that  after  the  installation  and  trial  they 
have  to  he  replaced  and  supplemented  bv  more  effective 
a]>paratns. 


Another  method  wliicli  lias  been  employed  for  the  aggrega- 
tion of  oil  |>;u'li«'I<»s  into  a  filteral>le  conrlil ion  consists  in  the 
passage  of  an  elwtric  (uurent  through  lite  water.  Iron 
ele<:trod(!8  are  employed,  and  a  preripitale  is  obtaiued  con- 
taining oxide  or  li ydr;il<'*l  oxide  of  iron.  In  general  i  Ih* 
rosisi ； nice  of  rondf'nwl  w;iif r  is  loo  lii^li  U>  |>f?nnit-  of  ll"' 
passage  of  a  sufliciont  current,  and  it.  is  iioc^ssarv  lo  add  hard 
water  or  some  suitable  salt  s  i  o  ovorcortio  tli  is  difTK-ult  v  ：  ； iM  *-r 
tlie  water  lias  l>een  exposed  lo  the  ； u-l  ion  of  *  iirn*ii(  i(  is 
li!l''»v<]  through  a  suit  al>l<*  iwliiim 

I  laving  iiidicat>e<l  the  various  impurities  round  in  山 i  , 
the  disastrous  e(To<  i  s  some  ol'  I  liosc  iin purities  li;iv**  on  steam 
hoilei  s,  and  I  Ik*  clieruical  read  ions  wliicli  mav  I'ft  brougl" 
alxu"'  I o  I'emovc  these  ohjertionable  impurities,  I  propose 
io  di'aw  ailent  ion  to  a  few  industries  in  wliicli  t  lie  employ 
nieni-  of  soft  walw  shou Id  It*'  rniisi<le，'f'd  nol  onl v  as  a  sourr** 
greal' 化, oim'riy,  hut.  an  a  real  neressity. 

Tannery  work  ne< '^ssiLateft  tlie  employment'  of  a  huge 
(|u;iiil ity  of  wai/ei",  both  in  t.lie  deliaii  in^  jnoress  ； ind  in  t  lu- 
l-an-pit.  ProrU)r，  in  his  "  Principles  of  I"'aU"'r  Mnnufart  un-, 
says  "Of"  all  malerials  employed  in  tajining,  none  is  of 
iiulispensable  importance  t han  water,  and  its  (jiiality  lias 
undoubtedly  ^reai  influence  on  laiining."  The  salts  in  solu- 
t'iou  in  the  water  have  a  considerable  iiiiluonre  on  I  he  results 
(>l>taine<l.  Before  1  raiisfonniiig  the  hides  inix>  leal lier,  tlie 
1 1 ides  are  unliaiml.  Tlie  unhairing  of  the  soft  skins  ronsisls 
in  loosening  llie  l)ulbous  coot  s  ol'  I  he  liairs  hv  saponifying/  t  lu* 
greasy  matter  secreted  hy  the  small  hair  glands.  Tliis  is  dono 
wil/h  such  an  ag^nl.  as  quicklime,  and  Uie  water  used  lias  a 
considerable  efiect  on  1  lie  operation.  Tf  I  \\o  "'； i"'r  ront ains 
a  large  proportion  of  oalciiim  bi-carbonat-e,  the  exr-ess  of 
carbonic  acid  pro<luces  a  prfripilaie  of  calciiun  r'arl>oiiate， 
and  this  deposits  in  the  dermic  t-issiif1.  Tliis  deposit  interlVi  f*s 
with  tlie  ahftorpt-ion  of  the  tan nin  in  the  cells  of  (he  liide  and 
retards  ihe  tanning  process.  The  carhona"'  of  lime  is  also 
the  cause  of  brown  stains  on  the  leatlier.  In  the  tan-piLs 
tlie  carbonate  of  lime  is  transformed  into  tannate  of  lime 
which  oxidises  rapidly  in  t  lie  air,  and,  according  to  Buchner, 
forms  secondary  products  of  tan-oxylic  and  tan-omelanic  acids, 
giving  a  reddish-brown  colouration  to  leather  which  decreases 
its  market  value.  Permanent  hardness  is  of  little  moment  as 
regards  the  ordinary  uses  of  the  tannery,  though  it  has  con- 
siderable influence  in  some  of  the  processes  of  dyeing,  and 
acts  very  injuriously  where  soap  is  used  for  scouring,  as  in  the 
washing  of  sheep  skins,  for  wool  mats.  By  forming  tannic 
com  pounds,  water  containing  lime  and  magnesia  leads  to  loss 
in  the  tan-pits,  therefore  in  preparing  these  extracts  a  soft 
water  should  invariably  be  used. 

Many  accidents  in  dye  works,  print  works,  and  bleach 
works  have  their  origin  in  the  water  used.  Water  containing 
organic  matters  may  bring  about  the  putrefaction  of  the 
extracts  used ,  and  prevent  them  from  keeping.  A  water  may 
make  a  good  dye  with  one  co】om'ing  in atter,  and  a  very  bad 
one  with  another.  Nevertheless,  as  a  rule  in  dye  works,  as 
pure  a  water  as  possible  should  always  be  used.  Aniline 
colours,  such  as  magenta,  tlie  soluble  blues,  methyl  violet, 
malachite  green ,  and  safranine,  dissolve  badlv  in  calcareous 
waters.  A  heavy  tar-like  precipitate  is  formed  which  leads 
to  poor  shades  and  uneven  dyeing.  Although  calcareous 
waters,  as  a  rule,  are  unsuitable  in  dyeing  and  textile  printing, 
on  the  other  hand,  when  log -wood  or  weld  is  dyed  in  a 
mordant  of  iron  or  aluminiuin ,  tlie  presence  of  the  salts  of  lime 
is  indispensable.  This  is  an  exception  to  the  rule,  however  ； 
in  extracting  the-  colouring  ni atter  from  the  dye  woods,  lime 
in  the  water  is  very  harmful.  In  dyeing  t n rkey-red  or 
cochineal  scarlet,  which  is  done  in  an  acid  bath,  their  presence 
flattens  the  shade  produced  and  wastes  the  colouring  matter. 
Bismarck  brown,  an  azo-colour,  gives  much  darker  shades 
in  calcareous  waters  than  wlien  a  soft  water  is  used.  Lime 
in  the  wat^r  is  just  as  harmful  in  mordanting.  It  weakens 
the  baths  bv  precipitating  the  salts  of  aluminium  and  of  iron. 
It  decreases  or  neutralises  the  acidity  of  the  bath  and  trans- 
forms the  bichromates  into  neutral  clironiates.  The  presence 
of  lime  causes  other  troubles  in  madder  dyeing.  The 
carbonate  of  linie  in  tlie  water  very  easily  precipitates  on  t  he 
goods.  It  spats  the  whites  and  becomes  the  centre  of 
attraction  for  colouring  matter. 

When  calcareous  waters  are  used,  wools  are  imperfectly 
freed  from  grease  and  snint,  an  insoluble  soap  forms  with  tlie 
fattv  matter  in  tlie  wool  and  the  metals  of  the  alkaline  earths. 
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and  this  is  fixed  on  the'  fibres.  As  a  result  of  this  the  dye 
liquor  is  irregularly  absorbed.  The  stuff  is  unevenly  d ved, 
aiul  spotted  in  places,  and  much  of  the  dyestuff  in  1 1 1 o  (>at  h 
is  wasted.  In  washing  woollen  goods  after  dyeing,  ii'  cal- 
careous waters  are  used  they  take  a  dull  sliade  or  glots  wliicli 
is  not  natural,  at  tlve  same  time  weakening  the  colours.  In 
cloth  bleaching  the  nature  of  the  water  used  is  of  great 
importance,  and  to  obtain  good  and  regular  results  the  works 
must  be  supplied  with  pure  water.  Calcareous  waters  are 
particularly  harmful,  as  the  compounds  formed  by  the  various 
dyes  and  the  gummy  matters  are  difficult  to  dissolve  and 
adhere  firmly  to  the  fibre.  Moreover,  calcareous  water  is 
very  wasteful  of  soap.  A  ferruginous  water  cannot  be  used 
■at  all  in  bleaching,  as  the  iron  forms  salts  with  the  soda  dyes 
and  the  salts  of  lime  and  spots  the  cloth  or  yarn  with  yellow. 
In  dye-houses  and  bleach  works  troubles  ofte'u  aris?  ami  g'()<" 卜 
are  spotted  when  condenser  water  is  used  from  the  waste 
steam.  When  anti-scale  compounds  are  u&ed  in  the-  boiler, 
the  water  often  contains  tliese  products  which  are  carried  off 
by  the  steam,  either  as  they  were  introduced  into  the  boiler  or 
decomposed.  Raw  wool  as  it  comes  from  the  sheep's  back 
contains  a  fatty  matter  secreted  by  the  animal  known  as 
suint.  This  fat  adheres  strongly  to  the  fibre,  and  can  only  be 
eliminated  by  a  special  treatment  which  is  tlie  preliminary 
process  of  the  linen  industry.  Desuinting  and  degreasing 
wool  need  large  quantities  of  water,  and  the  composition  of 
this  has  a  considerable  influence  on  the  success  of  the  opera- 
tion, and  is  capable  even  of  changing  the  nature  of  the  fibre. 
When  wool  is  washed  with  a  hard  water  the  permeability  of 
the  fibre  is  diminished,  and  tliis  interferes  with  the  regular 
fixation  of  the  mordants  and  colouring  matters,  and  con- 
sequently an  uneven  sliade  is  produced  in  the  dye  bath.  The 
process  of  degreasing  wool  is  usually  carried  out  with  salts  of 
potash,  and  if  tlie  waters  used  contain  salts  of  】ime，  there  is  a 
great  waste  of  soap.  Soap  is  neutralised  by  the'  lime  salts, 
and  wastes  its  action  on  them  until  it  has  converted  the  whole 
into  an  insoluble  soap.  The  calcareous  insoluble  soap  thus 
formed  is  deposited  in  the  fibre  and  adheres  to:  it.  Under 
these  conditions  tJae  wool  cannot  b&  completely  freed  from 
grea&e,  and  trouble  arises  in  every  subsequent  operation. 
Calcareous  waters  are  also  harmful  in  tlae  preliminary  treat- 
ment of  cotton,  silk,  linen,  and  hemp. 

Silk  is  composed  of  fibroin©  or  pure  fibre  and  a  gummy 
matter  which  must  be  completely  got  rid  of  before  the  silk 
is  dyed.  Calcareous  waters  are  unsuitable  in  reeling  tlie  silk 
from  the  cocoon,  as  the  salts  of  lime  precipitate,  adhere  closely 
to  the  fibre,  and  completely  spoil  the  subsequent  processes. 

Waters  which  contain  too  large  a  quantity  of  tlie  salts  of 
calcium  or  of  magnesium,  lead  to  a  waste  of  alkaline  lyes  in 
soap  works.  Soap  or  potash  lye  reacts  on  the  calcium  salts, 
precipitating  them  in  the  form  of  carbonate  of  calcium,  an 
insoluble  body  which  is  harmful  in  the  subsequent  processes 
of  soap  making. 

The  laundry  industry,  which  has  developed  very  con- 
siderably of  】ate，  is  interested  in  the  highest  possible  degree 
in  the  question  of  water  supply.  If  a  hard  water  is'  used  for 
laundry  purposes,  there  will  be  an  extravagant  waste  of  soap 
resulting  from  the  formation  of  insoluble  salts  of  lime  and 
magnesia  at  the  expense  of  the  soap  in  the  washing  machine. 

In  sugar  works  where  animal  charcoal  is  used  in  the 
clarification  it  must  be  washed  with  pure  water.  If  salt  water 
or  calcareous  water  is  used,  the  animal  charcoal  quickly  loses 
its  bleaching  power,  because  of  its  property  of  absorbing 
saline  substances.  At  the  end  of  a  short  time  it  must  be 
revived  or  replaced. 

The  method  of  extraction  of  the  sugar  from  the  beetroot 
by  diffusion  depends  upon  the  phenomenon  of  osmosis  pro- 
duced between  the  water  and  the  juice  of  the  beetroot,  the 
cell  walls  playing  the  part  of  dialyser.  The  salts  contained 
in  the  water  used  must  be  taken  into  consideration,  as  by 
reason  of  the  huge  quantity  it  is  necessary  to  employ,  the 
proportion  rapidly  increases  in  the  concentrated  juice,  inter- 
fering with  the  crystallisation  of  the  sugar,  and  diminishing 
the  yield.  Water  charged  with  the  sulphates  of  lime  and 
magnesia  is  harmful,  as  these  salts  retain  a  notable  quantity 
of  sugar  in  the  jn other  liquor. 

I  think  I  have  now  said  enough  to  show  the  enormous 
advantages  to  b©  gained  by  the  employment  of  soft  water, 
and  I  will  now  proceed  to  describe  tlie  various  plants  on  tlie 


iiiarket,  for  the  treatment  of  liard  waters  on  the  commercial 
scale. 

A  few  remarks  liere  with  lei ei'ence  to  boiler  corn uoxinds 
will  probably  not  he  out  of  place.  Thei'e  are  now  a  vtM'v 
large  number  of  these  compouiuls  on  the  market,  川 est  of 
which  consist  of  caustic  alkali,  distinguished  generally  by  the 
admixture  of  some  more  or  less  inert  substance.  These  are 
sold  under  trade  names  at  extremely  high  prices,  and  the 
results  obtained  are,  if  anything,  mostly  inferior  to  the  results 
obtained  by  the  use  of  plain  alkali.  Tlie  whole  system  of 
preventing  the  formation  of  scale  by  the  introduction  of 
substances  into  the  bailers  is  essentially  wrong.  To  start 
with,  a  boiler  is  meant  for  steam-raising  purposes  only,  and 
not  as  a  tank  for  carrying  out  a  chemical  process.  Even 
supposing  that  the  introduction  of  a  boiler  com])ouiKl  into  a 
boiler  does  prevent  the  formation  of  a  hard  scale,  it  cannot 
prevent  the  deposition  of  all  tlie  scale-forniiug  matter  in  tlie 
water,  in  the  form  of  mud,  and  this  is  almost  as  bad  as  scale, 
especially  in  the  case  of  water-tube  boilers.  The  following 
translation  of  extracts  from  a  l'epoi't  upon  various  boiler 
coni])ositions  made  by  a  German  chemico-tecluucai  institute 
are  of  interest.  The  investigations  seem  to  cover  most' 
descriptions  of  such  compositions  as  are  in  com  in  on  use  in 
this  country. 

No.  1  "  is  irrational  and  expensive,  and  people  are  to  be 
emphatically  warned  against  its  use." 

No.  2  "  belongs  to  those  secret  remedies,  by  means  of  which 
the  simplicity  and  credulity  of  possessors  of  steam  boilers  are 
clumsily  turned  to  profit." 

No'.  3  "  can  only  be  employed  upon  the  basis  of  an  exact 
chemical  analysis  of  the  water  in  question.  It  does  not 
belong  k>  the  class  of  universal  anti-incrustation  remedies,  but 
rather  can  only  cop&  with  incrustation  when  applied  in  a 
rational  manner. " 

No.  4  "  when  introduced  into  tlie  boiler  increases  the 
amount  of  solid  residue,  and  may  easily  give  rise  to  dis- 
advantages and  dangers,  especially  if  particles  of  it  are 
projected  by  ©bullitioii  into  the  valves  and  other  fittings  of 
the  boiler.  People  are  therefore  warned  against  the  use  of 
this  so-called  anti-incrustation  remedy." 

No.  5.  "35  kilos,  of  commercial  caustic  soda,  which  can 
b&  procured  for  8s.  6d.，  will  produce  the  same  effect  as 
100  kilos,  of  No.  5，  tlx©  price  of  which  is  from  68s.  to  80s." 

Nq.  6  is  a  fe&bly  alkaline  vegetable  juic&?  containing  a 
very  large  proportion  of  water,  with  various  salts,  but  no 
starch  or  doxtrine.  Tbe  action  of  this  consists  in  grossly 
contaminating  the  boiler  water  with  organic  matter,  by  which 
means  the  agglomeration  of  the  scale-forming  matter  into  a 
hard  seal©  is  altogether  irrational/ 1 

The  same'  remark  holds  good  for  a  vegetable  extract  No.  7， 
which  is  put  on  the  market  as  an  ant i-i ncr usta ti ng  remedy. 

No.  8  also'  possesses  the'  above-mentioned  disadvantages. 

No.  9  "  with  65  kilos,  of  98  per  cent,  soda  ash  costing  9s. 
the  same  effect  is  produced  as  with  100  kilos,  of  No.  9，  which 
is  sold  for  50s." 

No.  10.  "  This  also  consists  of  a  thick  vegetable  extract 
containing  tannin  (katechu).  The  remarks  under  7  and  8 
apply  equally  to  this/' 

These  observations  call  for  little  comment,  but  it  will  be 
noticed  that,  with  the  exception  of  No.  3，  the  others  are 
unresei*vedly  condemned. 

Practically  all  the  plants  on  the  market  far  the  softening 
of  water  use  tlie  same  mat&rials,  namely,  lime  and  soda  ash 
or  caustic  soda,  their  difference  being  in  the  mode  of  con- 
struction and  tlw  gear  for  proportioning  tlie  chemicals.  This 
latter  is  the  all-important  point  of  a  water-softening  plant, 
as  it  is  not  only  necessary  to'  add  lime  and  soda  to'  the  watey 
to  be  softened,  but  the  lime  and  soda  must  be  added  in  definite 
proportions.  Moreover,  after  the  chemicals  have  been  added 
to  the  water,  the  whole  should  be  subjected  to  thorough 
mechanical  agitation,  as  only  in  this  way  can  absolutely 
uniform  results  be  obtained.  In  addition  to'  this,  by  thorough 
mechanical  mixing  the  precipitate  produced  is  rendered  more 
granular,  and  in  such  a  condition  it  s&ttles  more  completely. 
Ample  time  should  also  be  allowed  for  the  chemical  action  to 
complets  itself,  and  my  experience  has  convinced  m©  that  it 
is  impossible  to  obtain  satisfactory  results  if  less  than  three 
hours  is  allowed  for  the  passage  of  the  water  through  the 
plant'.  It  is  only  after  mixing  and  allowing  a  considerable 
settling  time  that  the  precipitated  calcium  carbonate  begins 
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to  separate  out  and  settle.  If  the  water  is  iiltcred  IWore 
this  separation  has  had  time  to  take  place,  the  finely  divided 
precipitate  passes  through  the  filter,  and  prc^-ipit  at  ion  takes 
place  in  Hie  [>i]>es  and  in  the  boilers,  and  the  water  is  unal>lo 
to  he  used  tor  ot  lier  indust  rial  ]>ui'|u;scs.  Moi-oovcr,  t  his  I'm" 
precipit  ate  ,、'"（m  clogs  1  lie  liltcrs,  ncc^ssii  ； it  in^  I  heir  cleaning 
every  I'ortniglil  or  so.  Another  very  iinporlant  point,  is  the 
removal  of  shul^e.  The  precipit al p<1  lianlciiin^  salts  are 
deposited  in  ilie  bcttoni  of  tlie  ttiain  s<iU  lin^  tank  in  the  form 
of  sludge,  ； uid  it  is  absolutely  necessary  in  order  to  get  the 
best  results  that  this  should  b©  done  completely  every  day. 
There  is  only  one  method,  applicable  to  all  sizes  of  tanks,  on 
the  market  for  doing  this,  and  that  is  by  means  of  the  KfMini- 
cott  patent  revolving  sludge,  pipes.  These  pipes  consist  of 
two  hollow  a nns,  closed  at  one  end  and  witli  a  tapere<l  slot- 
cut  right-  along  the  bottom  of  each  anii.  When  1  lie  tank  is 
sludged  the  valve  is  opened  and  the  hollow  arm  caused  to 
revolve'  slowly  through  the  sludge  by  1  urnin^  a  liaiulwheel. 
As  the  arms  revolve  the  sludge  is  forced  throiigh  the  slots  at 
the  bottom  and  out  through  the  main  sludge  pipe  to  the 
sump.  In  this  way  the  sludge  is  collected  from  all  over  tlie 
bottom  of  tlie  softener  in  much  the  samo  way  as  the  varmmi 
cleaner  does  its  work.  So.  efficiently  does  this  gear  work  that 
tlie  main  tanks  of  I  he  Kennicoit  softeners  have  never  to  be 
opened  for  cleaning,  and  the  Kennieott  filters  last ,  on  an 
average,  12  months  without  renewing. 

There  is  one  method  of  softening  lately  put  on  the  market 
which  does  not  use  lime,  and  this  process  I  will  ther^t'tjro 
consider  by  itself  first.  This  process  has  been  introduced  on 
the  market'  as  the  Perm u tit  process.  The  so-called  Permutit 
is  a  sodium  salt  of  silicic  acid  combined  with  aluminiuni, 
better  known  as  sodium  aluminium  silicate.  This  substance 
may  be  produced  artificially  by  melting  together  silica  or 
quartz,  alumina  or  kablin,  and  carbonate  of  soda.  The  melt  is 
extracted  with  water  and  a  granular  5>ul)stance  is  obtained 
containing : —— 

Silica   46   per  o^nt. 

Alumina   22  ，， 

Sodium  Oxide.    13*6  ，， 

and  Water   18*4  ，， 


lOO'O  ，， 

This  substance  is  an  artificial  zeolite.  Natural  zeolites 
are  common  in  rocks  and  soils  as  representing  one  of  the 
stages  of  disintegration.  They  are  hydrated  silicate®  of 
alumina  holding  some  earthy  or  alkaline  basei  in  combination. 
If  water  containing  lime  or  magnesia  salts  in  solution  is  passed 
through  a  bed  of  sodium  aluminium  silicate,  the  sodium  in 
the  permutit  is  replaced  by  the  calcium  or  magnesium  of  the 
lime  and  magnesium  salts  and  insoluble  calcium  or  magnesium 
permutit  is  formed.    Thus  : — 

Na2Al,Sio08  +  Ca  (HC03),  =  2NaHC03  +  Ca 
Al,Si,08. 

Na,Al,Si268  +  MgCo3  =  Na2CO;!  +  Mg  ALSi,08 
and  the  resulting  water  is  perfectly  soft.  This  is  a  very 
pretty  process,  but  unfortunately  it  has  one  or  two  drawbacks 
which  very  materially  affect  its  likelihood  of  becoming  a  com- 
mercial success.  The  chief  drawbacks  to  the'  Permutit  process 
are  ： — 

(1)  It  is  impossible  to'  treat  a  carbonate  water  without 
leaving  an  excess  of  soda  in  th©  water. 

(-) It  is  impossible  to'  treat  water  containing  any  matter 
in  suspension. 

(3)  The  cost  of  treatment  is  far  too  high  for  the  advantages 
gained. 

(4)  It  is  impossible  to  treat  water  hot. 

(5)  It  is  necessary  to  stop  the  plant  for  a  considerable 
]>erio<l  in  order*  to  regenerate  the  Permutit. 

When  all  the  sodium  in  the  Permutit  has  been  replaced 
by  calcium  or  magnesium,  it  is  necessary  to  regenerate  the 
Permutit.  This  is  done  by  means  of  a  solution  of  salt,  and 
the  reaction  which  takes  \)\ace  may  l>e  represented  by  (lie 
following  equation  ： ― 

CaAl2Si,08  +  2NaCl  =  CaCl2+Na2Al,SiA- 
Tli is  at  first  sight  seems  very  simple  and  cheap.    The  regenera- 
tion, however,  takes  about  10  hours,  and  then  water  has  to  be 
passed  through  until  all  the  calcium  cliloride  has  been  washed 
away.    Tins  entails  considerable  time  and  a  large  waste  of 


water.  It  will  be  noticed  that  for  one  molecule  of  (  airium 
hi-carbonate,  two  molecules  of  sodium  chloride  liavo  to  l>e 
theoretically  employed  to  regenerate  the  jK*rrnutit .  Tlie 
process,  liowever,  Htrictly  follows  the  laws  of  mass  art  am  and. 
as  <-aIfiuin  nioiv  readily  rornhinos  wit  h  pfM  rnui  it  t  Itan  so<liuinf 
it  I'oIIowh  that  lor  tlu-  re^Mieral ion  iikjic  s;ih 卜 n*'*-  、'  than 
is  indicated  theoretically  l>y  the  above  equation.  hi  juart  ir  -, 
at  least  four  times  as  mucli  salt  is  required  as  is  thaoicl  u-a\\v 
necessary.  We  can  therefore  make  crain|>arisr>n  l)et\veen  t  lie 
cost  of  treatment  witli  permutit  and  the  cost  of  trcal  mciit  wit  h 
lime.  Taking  a  water  containing  t&rnporary  hardness  only, 
where  one  ton  of  lime  would  be  n*(|uired  for  softening,  <-i^lit 
tons  of  salt  would  have  (,o  l>e  used  to  rc^pnerat  t»  1  lie  |>;-i  iim(il . 
As  .tlie  salt  required  costs  at  least  25s.  per  ton,  ;in<l  l\w  lime 
(■osts  only  about  15s.,  we  Iiave  the  cr>st  of  treatnifMit  bv  jhm - 
mutit  £10,  compared  witli  Ins.  for  lime  treatment,  ',r  ov'  r 
13  times  as  mucli.  In  addition  to  this  extra  cost,  tlie  ""rmiitit 
process  has  the  abjection  tliat  it'  leaves  soda  in  the  treated 
water  and  leaves  the  amount  of  tot al  solids  in  the  tn'ai  ■*! 
water  the  same,  wliereas  lime  actually  reduces  tlie  quantity  of 
dissolved  solids  proportional  to  the  amount  of  t pmporarv 
hardness  in  the  water.  Tlie  lime  treat"""" ,  moreover, 
destroys  al)out  98  per  cent,  of  the  bacteria  found  in  the  、v;""r. 

The  best-known  plants  in  the  market  for  softening  water 
by  the  lime  and  soda  process  are  the  following:  Arch  butt 
Deeley  (made  by  Messrs.  Mather  &  Platt，)，  Lassen  &  II.j''i'， 
Paterson,  Royles  (Reisarb  system),  Bobys,  and  Kennieott 
water  softener. 


HEAT  TREATING  PLANT  IN  A  RAILROAD  SHOP. 

For  the  heat  treatment  of  locoinolive  parts,  such  as  side  rods, 
valve  motion  parts,  <fec.，  the  Pennsylvania  Railroad  is 
installing  in  its  Juniata  shops  a  number  of  special  furnaces, 
several  of  which  are  described  in  "  The  Railway  and  Engineer- 
ing Review."    The  plant  will  include  a  vertical  rvlin'lri' 
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Fig.  1 .— A r r a n g f. m kn t  of  Cylinduicai,  J(on  Fi  ic\  \.  i.  ani> 
QuEN<  HiN<t  Tank. 

gas-fired  furnace  6ft.  inside  diam.  by  16ft.  Gin.  deep,  in  con- 
junction witli  a  quenching  tank  13ft.  9in.  by  1  It't .  hv  20ft. 
deep  ；  a  "  car  bottom  "  type  furnace  with  a  heating  chamber, 
7ft.  wide,  14ft.  long,  and  2\ft.  liigh,  this  funiaoe  using  the 
same  quenching  tank  as  tlie  cylindrical  furnace  ；  a  Ttt .  by 
4ft.  3in.  by  12in.  gas-fired  muffle  furnace  for  smaller  parts 
with  water  and  oil  baths  adjacent  ；  and  a  tempering  plant  for 
tools,  consisting  of  a  small  gas  furnace,  an  elect  vir  furnace, 
and  a  lead  pot,  quenching  tanks, 
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HUMPHREY  &  RUSDELLS  INTERNAL-COMBUSTION  ENGINES. 

Internal-combustion  engines  are  known  in  wliich  a  body  of 
liquid  reciprocates  within  the  combustion  chainber  or  cylinder, 
either  alone  in  the  form  of  a  column  of  liquid  or  in  conjunc- 
tion with  a  moving  solid  piston.  One  of  the  advantages  of 
engines  of  this  kind  is  that  the  engine  is  internally  cooled  by 
the  liquid.  When,  however,  the  engine  lias  no  solid  moving 
piston  and  is  to  operate  beyond  a  certain  speed,  this  advantage 
is  more  or  less  counteracted  by  the  liability  of  tlie  liquid  t() 
splash.  If,  for  example,  during  a  compression  stroke  tlie 
liquid  is  moving  vertically  upwards  and  its  rate  of  retardation 
exceeds  32ft.  per  sec.  per  sec,  then  particles  wliicli  may  become 
detached  from  the  surface  of  the  liquid  will  move  on  into  the 
gases.  The  accompanying  illustrations  show  a  numbet'  of 
designs  of  i n te-v n a  1  -coi n b u st i o 1 1  engines  and  pumps  patented  by 
Mr.  H.  A.  Humphrey,  38，  Victoria  Street,  Westniiiistec, 
London,  and  Mr.  W.  J.  Rusdell,  in  which  the  advantage  of 
iii"'riial  cooling  by  liquid  is  retained  and  the  aforesaid 
counteracting  disadvantage  avoided  by  providing  within  the 
combustion  chamber  or  cylinder  a  body  of  liquid  between 
wliich  and  the  cylinder  walls  there  is  relative  movement,  so 
that  tlie  walls  are  cooled,  which  body  is  stationary  or  lias  less 
movement  than  the  relative  movement  between  the  cylinder 
and  ilie  piston. 


tion  chamber  or  cylinder  A  having  at  its  closed  top  end  an 
inlet  valve'  B  for  combustible  constituents  and  lower  clown 
exhaust  ports  C  which  are  shown  registering  with  other  ports 
in  a  stationary  cylinder  D,  so  that  tlie  exhaust  gases  may  pass 
away  at  the  exit  E.  The  cylinder  A  is  a  sliding  fit  in  cylinder 
D,  and  fixed  to  the  top  of  tlie  latter  is  an  admission  box  fitted 
with  a  gas  inlet  valve  F  and  an  air  inlet  valve  G.  The 
cylinder  A  slides  over  the  stationary  piston  J，  which  is  shown 
slotted  to  permit  the  connecting  rod  to  pass  through  all  work- 
ing positions  and  so  transmit  power  to  the  engine  shaft. 
Cooling  water  for  the  cylinder  is  supplied  through  pipe  K  so 
that  the  body  of  water "  L  may  be  constantly  l'euewed,  tlie 
surplus  water  passing  out  through  the  exhaust  ports  C. 

The  action  of  the  apparatus  is  as  follows  ：  On  the  down- 
ward stroke  of  cylinder  A  gas  is  drawn  through  valve  F  and 
air  through  valw  G  into  the  admissioin  box  H,  and  at  the  end 
of  this  stroke  valves  F，  G  are  clo&ed  by  their  springs.  On  the 
upward  stroke  of  cylinder  A  the  combustible  mixture  con- 
tained in  H  is  compressed  while  the  products  of  combustion  in 
cylinder  A  are  expanding.  Towards  the  end  of  the  upstroke 
exliaust  gases  escape,  from  A  through  port  C  and  exit  E  and 
the  fresh  combustible  charge  enters  Uu'ougli  valve  B，  dis- 
placing the  burnt  products.  The'  valve  B  may  be  fitted  with 
a  li^ht  spring  so  that  it  closes  when  the  pressures  on  tlie  two 
sides  are  nearly  equal  and  the  flywheel  effect  is  now  relied 
upon  to  draw  down  tlie  cylinder  A  and  so  compress  the  fresh 
charge  contained  therein  until  at  the  point  of  maximum 
compression  the  cl large  is  fired  to  produce  an  upward  working 
stroke.     Tt  will  he  observed  that  in  moving  downwards  tlie 


Tl"1  vei  l  ical  t  iu  n:i"'  ami  queiicliint;  t  ank  are  shown  in  detail 
in  Fig.  1.  Tlie  t'lii'iiace  is  cont ained  in  a  concrete-lined  pit 
about  1  l^t't.  square  and  1 3(1 .  dvep  ；  one  sid&  of  iliis  pit  }mmii^ 
romiiio!)  to  t lie  quenching  lank.  The'  quenching  tank  is  lined 
1  hrougliout  with  old  4in.  by  Sin.  car  sills,  which  serve  to 
Uit'  concrete  botli  from  the  effects  of  heat  and  impact 

I  rom  heavy  objects  suspended  llierein.  Intervening  between 
t  lie  sills  and  the  concrete  is  a  |in.  coat  of  asplialfcum.  Water 
is  ； i 山 iiitted  to  tlie  tank  through  two  4in.  pipes  discharging 
near  the  bottom  coi  ners  of  the  tank  oti  one  side,  while  two 
(iiii.  pipes  near  the  top  corners  on  the  apposite  side  of  tlie 
lank  take'  care  of  the'  overflow .  The  furnace  itself  is  a 
cvliiulri<'a]  brick  structure  8ft.  outside  diarn.  and  16ft.  <»in . 

I I  i  1 1 ,  having  a  lin.  1'irehrick  lining,  leaving  an  inside  diameter 
of  (ift.  Tlie  top  is  covered  by  means  of  a  pair  of  r  oiler - 
rnoimbed  doors  running  on  60-lb.  rails,  laid  across  the  top  of 
(  lie  furnace.  Firing  is  by  means  oi'  h\e]  oil,  the  blast  being 
admitted  iangentially  at  eight  different  points'  and  at-  four 
separate  levels.  The  burners  are  controlled  by  means  of 
oj>erathig  levers  extending  up  to  each  of  four  control  platforms 
around  tlie  eircuinferenoe1  of  the  i'urnace  near  the  top.  Four 
ladders  down  the  sides  of  the  fu mace  are  likewise  provided  in 
r-los^'  proximity  to  the  four  platforms  respectively,  so-  that 
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Fig.  2. ~ Oil-fired  Mufplk  Furnace. 

possible  derangement  of  the  burners  or  fche  control  levers  can 
be  readily  attended  to.  Tlie  pit  is  also  accessible  by  means  of 
a  concretei  stairway  outside  the  pit  and  adjacent  to'  the'  end 
wall  of  the  building. 

The  "  car  bottom  "  type  furnace  will  open  at  the  bottom , 
its  floor  being  separate  and  mounted  on  wheel &，  virtually 
forming  a  flab  car  with  steel  trucks  and  underframe  and  with 
a  firebrick  floor,  which  foi  ms  the  bottom  of  the  furnace.  This 
car  can  be  loaded  with  parts  to  be  treated  and  then  pushed 
into  the  furnace  on  a  track  provided  for  the  purpose.  Space 
has  been  reserved  in  the  layout  for  a  second  furnace  of  this 
tvpe  should  its  installation  at  a  later  date  be  found  desirable. 

The  oil-fired  muffle  furnao©,  shown  in  Fig.  2,  is  of  a  type 
developed  a  few  years  ago  by  tliei  mech  an  ical  department  of 
the  Pennsylvania  Railroad  in  its  efforts  to  secure  an  efficient 
furnace  for  extensive  experiments  in  heat  treatment  of  steel , 
reclamation  of  springs,  <fec.  Its  construction  is  clearly  shawn 
in  the  illustration.  It  will  be  used  largely  in  experimental 
work  and  in  the  treatment  of  smaller  locomotive  parts.  The 
electric  furnace  and  the  sin  all  gas  furnace  provided  for  in  the 
L't'nci-;iJ  la v uit  will  be  used  t'()r  tempering  tools,  for  experi- 
mental purposes,  &o. 
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cylinder  walls  come  in  contact  with  the  stationary  ('(mliiig 
liquid  Ij. 

Fi^r.  1!  shows  a  2-stroke  cycle  pum])  in  which  t  lie  moviiii; 
cylinder  A  ，  whicli  slides  over  t  lit''  stationary  piston  .1  ，  is 
atiarlHHl  lo  a  putii|>  piston  M  of  greater  diamet  cr  and  sliding 
in  a  puni])  cylinder  N.  Tliei'e  are1  lilted  inlet  valves  ()  and 
oui  let  valves  V  tor  liquid,  and  t  Ik1  amiular  space  Q,  tormcd  l»y 
au  ii)verle<l  hell-shapetl  casting  in  t  lie  covcc  of  cylinder  N, 
may  contain  air.  In  1  ho  pi'esiMit.  example  the  apparat  us 
operates  on  t  he  2 -stroke,  cycle  us  (lewilx'tl  wit  It  retVrtMicc  to 


Fig.  2.  Pig.  3.  Fig. 


Fig.  1，  but  the  space  into  which  combustible  mixture  is  voin- 
pressed  comprises  a  relatively  small  chamber  R  and  a  rela- 
tively large  chamber  S，  so  that  the  small  chambei*  may  con- 
stitute an  elastic  cushion  to  prevent  an  undue  movement  of 
cylinder  A  in  the  upward  direction.  The  space  in  cylinder  N 
below  the  piston  M  may  serve  as  an  elastic  cushion  for  storing 
energy  to  assist  the  upward  movement  of  cylinder  A，  or  the 
space  below  piston  M  may  be  fitted  with  suitable  valves  for 
the  inlet  and  discharge  of  liquid  so  that  the  pump  may  then 
be  double  acting.  Air  compressed  in  the  space  Q  during  an 
upstroke  may  by  its  expansion  assist  in  producing  a 
clownstroke. 

Fig.  3  shows  a  2-stroke  cycle  single-acting  pump  in  which 
the  inertia  of  the-  mass  of  water  set  in  motion  on  the  working 
stroke  plays  an  important  part  in  th©  operation,  sine©  its 
momentum  is  used  to  produce  a  prolonged  movement. 
Instead  of  the  moving  cylinder  A  sliding  over  a  hollow 
stationary  piston  as  in  previous  examples  there  is  a  stationary 
piston  J  rigidly  supported  by  a  rod  T  passing  through  a  gland 
formed  in  the  piston  M  and  the  latter  is  fitted  with  a  number 
of  inlet  valves  0  for  liquid.  On  an  upward  working  stroke 
the  valves  O  are  closed  and  the  water  in  cylinder  N  and  in 
the1  approaches  and  discharge  thereto  is  set  in  motion.  The 
proportions  of  the  various  parts  and  of  their  mas&es  are  such 
that  the  liquid  last  mentioned  is  still  moving  when  the 
cylinder  A  moves  downwards  and  the  latter  with  its  diffe- 
rential piston  may  complete  its  clownstroke  under  the  action 
of  gravity  and  energy  stored  in  the  elastic  cushion  in  the  top 
of  R  to  compress  a  new  charge  m  chamber  A.  Preferably, 
when  the  maximum  compression  pressure  is  attained  the 
liquid  in  cylinder  N  comes  substantially  to  rest.  Valves  O 
close  and  the  ignition  of  the  fresh  charge  starts  a  new  cycle. 
The  cooling  water  in  chamber  A  may  be  introduced  through 
rod  T. 

Fig.  4  shows  a  4-stroke  cycle  pump  in  which  there  is  a 
constant  flow  of  liquid  in  discharge  pipe  XJ,  th©  movement 
being  in  the  direction  of  the  arrow  and  the  pipe  being  made 
long  enough  so  that  the  liquid  contained  in  it  may  have  the 
required  mass.  In  this  case  instead  of  a  stationary  piston 
the  liquid  in  U  serves  as  a  buttress  against  which  the  pressure 
of  the  ignited  gases  acts  when  th©  moving  cylinder  A  is  raised 
on  the  working  stroke.  The  mass  of  cylinder  A  is  augmented 
by  that  of  the  sliding  pipes  V,  and  by  the  inverted  bell  W 
and  the  liquid  contained  in  this  bell.  "  These  masses  acting 
downwards  under  the  action  of  gravity  are  of  such  total 
weight  that  they  produce  a  pressure  which  balances  the  static 
Head  against  whit-h  the  liquid  is  raised .  The  admission  and 
exhaust  valves  situated  in  pipes  V  respectively  are  so  con- 
trolled tliat  they  are  opened  and  closed  at  the  correct  times  to 
give  tlie  required  4-stroke  cycle.  The  pipes  V  slide  respec- 
tively in  stationary  pipes,  and  in  the  bridge  conne<'ting  these 
two  there  is  a  space  X  which  constitutes  an  elastic  cushion  for 
the  purpose  of  Htniting  the  upward  movement  of  cvlindoi-  A. 
The  inlet  valves  O  for  liquid  are  shown  in  the  walls  of  rvlinder 
A,  and  it  will  be  understood  tliat.  the  movement  of  the  liquid 
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in  the  pipe  U  varies  in  velocity  without  change  in  it s  <lir''<  t 
of  flow. 

Fig.  r)  is  in  many  rf'spw'ts  similar  to  Fig.  I，  l>ut  wImmcis 
Uie  latter  is  a  'J-slroke  iiig  engine,  Fi<^.  0  sliows  a 

2  stroke  douhle  iurtintr  engine.  A  is  the 川 oviiig  cvliiulei*  and 
J  the  fixed  piston ,  but  in  the  present  <*a;  it  coinbust  ion  <k-<mi i  s 
alternately  above,  and  below  tliis  piston.  Tlicre  is  oiu*  >h  ',i 
ex  1 1 a usi  ports  C  in  cylinder  A  and  two  sets  of  exhau.st  |k>i(s 
in  tlie  (cylinder  I ).  Of  t liese  sets  one  is  shown  as  rt-^i^l <*ri 
with  the  ports  C  and  t lie  other  set  is  shown  dotted  at  X. 
Cylinder  A  is  provided  witli  an  inlet  valve  for  couil>ust  ihlr* 
mixture  at  th©  top  and  inlet  valves  R  at  the  bot  t 
('ylinder  J)  is  fitted  wit  h  t wo  sets  of  air  valves  F,  wliile  gas  or 
coinhustihle  mixture  enters  at  pipes  Y，  whicli  are  in  ('(jiiimmii 
ration  witli  receivers  Z  respectively,  these  hf'iii"'  fitted  witli 
non-return  inlet  valves  for  gas  or  mixture  as  sliown .  Pio 
ject  ions  from  the  moving  rvlinder  A  carry  t  he  cr(, sslif-ad  pins. 
The  stationary  cylinder  I)  is  slotted  in  (lie  middle  to  accoin- 
in(xlat&  the  rnoveinent  ot*  the  projections  and  cro^sheatl  pins 
so  that  the  power  can  b&  transniitte<l  through  connoctin^  rods 
to  the  crank  shaft  in  t!ie  manner  shown.  The  ari*aii^em**nl.- 
for  introducing  air  and  mixt  urc  sliown  are  such  that  air  lirsl. 
enters  cylinder  A  to  scavenge  out  burnt  products  and  then  ^as 
or  mixture  enters  subsequently  to  be  com  pressed  and  ignited. 
In  t  he  j>ostioii  of  the  parts  as  shown  there  will  be  a  compressed 
combustible  charge  in  cylinder  A  below  the  piston  ,J，  valves  }\ 
will  be  sliut  and  below  these  valves  in  cylinder  D  tlie  re  will  l>e 
in  the  upper  part  air  and  in  the  lower  part  cornhust il>U- 
mixture  or  gas.  In  the  upper  part'  of  cylinder  A  exhaust  will 
have  occurred  and  the  (； onil)Ustihle  charge  will  liav** 
introduced  ready  to  be  compressed  on  tlie  downward  stroke 
of  cylinder  A. 

Fig.  6  shows  a  single-acting  2-stroke  cycle  pump  in  whicli 
the  air  for  scavenging  and  the  gas  are  compressed  and  suppli'-W 
separately  to  the  moving  cylinder  A.  Air  may  bf'  romprf'w'l 
in  the  space  H  and  supplied  tln-ougli  valve  B,  and  gas  or 
mixture  may  be  compressed  in  the  annular  space  Q  aixl 
supplied  through  the  receiver  R  and  past  the  in 川 -return  valvo 
S  to  enter  cylinder  A  at  port  T.  The  space  U  below  the 
fixed  piston  J  contains  an  elastic  cushion  to  prevent  iiiulue 
movement  of  the  moving  cylinder  on  its  upward  stroke  and 
may  store  energy  for  assisting  the  weight  of  tlie  reciprocating 
parts  in  producing  a  downward  stroke.  Th©  liquid  to  be 
pump&cl  enters  at  V,  passes  through  the  stationary  suction 
valves  O  and  through  the  valves  P  in  the  moving  piston  M  to 
be  discharged  at  W.  Liquid  will  be  delivered  through  pipe  W 
on  both  upward  and  downward  strokes,  and  if  the  area  of 


Pio  r>.  Fir..  0.  Fig.  7 


piston  M  is  twice  the  area  of  the  piston  X  equal  amounts  of 
liquid  will  be  thus  delivered  on  the  upward  and  ilownwanl 
st  rokes. 

The  mode  of  igniting  the  combustible  charges  may  be 
effected  in  several  ways.  One  arrangement  is  showu  in 
Fig.  7，  in  which  tlie  sparking  plug  projects  in  the  top  of  the 
moving  cylinder  A，  and  the  wire  for  conveying  the  elect ric 
current  is  carried  to  the  plug  through  a  tube  screwed  into  the 
top  of  cylinder  A  and  reoiprocat wit h  it,  moving  in  a  glaml 
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in  the  top  of  cylinder  D.  The  cooling  water  which  is  supplied 
for  cooling  the  walls  of  the  combustion  cylinder  may  be 
supplied  under  pressure  sutiiciciit  to  ensure  its  introducl ion, 
and  the  surplus  in  ay  be  drained  off  through  tlie  exhaust  gas 
ports,  bui  it  is  generally  advisable  that  a  non-return  valve 
should  be  inserted  in  the  pipe'  supplying  the'  cooling  liquid  to 
prevent  a  reverse  flow  when  the  pressure  in  cylinder  A  rises. 


CONTINUOUS  FEEDING  ELEVATORS. 

In  a  paper  recently  read  before  the  Junior  Institution  of 
Engineers,  Mr.  T.  C.  Morewood  dealt  with  the  various  types 
of  continuous  feeding  elevators.  The  swing  tray  vertical 
elevator  consists  of  two  endless  chains,  running  over  top  and 
lu'ltoin  [>airs  of  sprocket  wheels,  tlie  to\)  pair  keyed  k>  a  shall , 
•  iikI  the  bottom  pair  runnino-  in  adjuslal)le  l>ea rings.  At 
intervals  round  each  chain  a  re  ai  i  aclniient  pins,  from  which 
depend  arms  carrying  the  trays,  so  that  they  swing  between 
<  chain  and  hang  level  ；  these  fcrays  are  in  tlie  form  of  ； i 
grid  witli  cantilever  arms  projecting  from  a  cenire  bar,  and 
山'^ iied  so  t h;i(.  at  the  top  tlu-v  |>ass  through  a  fixed  set  of 
ai'ins,  on  which  is  placed  the  case  to  be  lifted.  Discharge 
is  t  lius  on  the  downward  sidei  on  to  fixed  arms,  usually  sot 
at  any  angle  and  moomted  with  small  rollers  so  that  the  case 
runs  off  clear.  These  discharging  arms  can  be  hinged  and 
swung  clear  to  let  the  case  descend  to  next  floor.  This  I  v])^ 
of  eleval or  r;ui  be  made  automatic,  loading  being  done:  by 
means  of  a  timing  device  so  that  til©  case  is  stopped  and 
only  allowed  to  run  on  ">  t  lie  loading  grid  when  it  is  clear 
of  one  of  the  swing  trays.  Running  continuous,  it  delivers 
； ihout.  300  cases  per  hour.  The  fixed  vertical  tray  ©levator 
is  (  一 r  in  Ixiild.  It  usually  has  two  chains  and  sprocket- 
wheels,  but  tlie  cai'rvin^  t  rays  are  rigid  arms,  standing  out' 
from  the  cliains.  It  can  be  mad©  to  pick  up,  l)ut  cannot 
be  made  to  automatically  deliver,  except  for  bundles  which 
will  stand  being  thrown  over,  and  these  only  on  top  floor. 
The  slat  type  of  inclined  elevator  consists  of  two  endless 
chains,  running  in  guides,  with  slats  between,  forming  an 
endless  band .  The  guides  can  be  turned  over  at  the  top 
and  bottom  so  that  the  foot  and  lie  ad  of  the  elevator  becomes 
horizontal,  giving  smooth  loading  and  delivery  points.  Small 
cross  angles  are  fastened  to  the  slats  every  3ft.  or  so'，  and 
guard  rails  are  fitted  on  either  side.  Such  an  elevator  can 
load  and  deliver  automatically  from  or  on  to  a  conveyer  ；  it 
will  take  all  shapes  or  boxes  whose  height  is  not  more 
than  their  length  ；  it  uses  little  power,  needs  no  attention, 
and  will  handle  an  aslonisliiiig  number  of  goods.  Tliis  type 
of  elevator  cannot  be  worked  at  much  of  an  angle,  usually 
only  30°.  The  claw  type  of  inclined  elevator  can  work  up 
to,  say,  60°  angle.  The  cases  are  carried  on  roller  carriers 
running  up  an  incline  and  fitted  with  claws  at  the  back,  which 
are  long  enough  to  prevent  the  cases  slipping  at  the  steep 
angle  and  are  arranged  to  pass  through  a  discharging  plat'e 
at  top  ；  the  elevator  is  automatic  in  delivery  but  not  in 
loading  ；  will  take  all  sizes  of  cases,  but  the\  speed  is  slow. 
The  drag  type  can  be  made  both  automatic  in  loading  and 
delivery,  is  fairly  cheap,  and  will  work  at  any  reasonable 
angle.  Lifting  is  done  by  drags,  between  the  two  sets  of 
endless  chains.  As  the  boxes  rim  on  at  liie  foot,  from  tin* 
conveyer,  the  bar  coming  round  the  bottoiri  wheels  will 
sometimes  get  under  the  box  instead  of  behind  it,  in  which 
case  it  is  stopped  by  some  retarding  device  and  is  held 
while  the  bar  is  dragged  from  under  it,  the  next  bar  taking 
it  up.  The  bar  is  close  down  to  the  track,  in  order  not  to 
tilt  box  too  much  on  coniino;  on  it.  Irn mediately  tlie  box 
begins  to  ascend,  the  bar  rises  in  order  to  avoid  the  box  falling 
backwards,  and  it  is  for  this  reason  the  path  followed  by 
chains  and  lifting  bars  leave  the  track  and  only  join  it  again 
at  the  point  of  delivery  at  tlie'  top.  The  drag  type  will  deal 
with  1,000  cases  per  hour.  In  conclusion,  Mr.  Morewood 
thought  that  in  these  days  of  increasing  cost  of  labour  and 
ever-growing  trade,  there  was  a  great  future  for  this  type  of 
labour-saving  device. 


Personal. ― The  General  Committee  of  Lloyd's  Register 
Shipping  has  appointed  Mr.  Westco'tt  S.  Abell,  Professor  of 
Naval  Architecture  at  Liverpool  University,  to  succeed  the 
late  Dr.  S.  J.  P.  Thearle  in  the  office  of  Chief  Ship  Surveyor 
ta  the  society.  Mr.  Charles  Buchanan,  who  was  Dr.  Thearle's 
senior  assistant,  has  at  tlie  same  time  been  promoted  to  the 
]tosit  ion  of  principal  of  the  Chief  Ship  Surveyor  s  stuH'. 


METALS  AND  ALLOYS  USED  FOR  DIE  CASTINGS. 

BY   E.    F.  LAKE. 

During  the  last  decade  numerous  processes  have  been  devised 
f('r  the  separation  of  many  elements  from  the  combinations  in 
which  they  occur.  While  the  existence  of  these  elements  has 
been  known  for  nearly  a  century,  methods  of  separation  to 
make  1  hem  ('()mm('r<'i;illy  availal)]e  have  l)een  developed  only 
i"  recent  years.  The  properties  of  these  elements  liave  been 
carefully  investigated  and  a  number  are  being  employed  as 
allaying  material.  Several  have  been  found  useful  for 
increasing  ilie  tensile  strengl-li,  wearing  qualities,  n'sisUnre 
to  strains,  and  li^lil  ness  of  alloys  \  lial  can  l>e  c;ist  in  mcl  al 
moulds  and  these  liave  been  utilised  for  die-castings. 


Tart.k  T. —  (  ,o)n  //osi/io/t  (if  J j end  Hast-  A  thai  f  'an  /' 


Trade  Name. 

])t*i-  cent. 

Antimony 
per  cent. 

per  cent. 

Eleotrotvpo   

!►：{ 

：{ 

1  \ iissian  lailniad  car   

！ M) 

8 

2 
" 

( )r(lin:u'v  t)('arii)ii  

Ant  iinoiiial  lead   

87 

.)；1(  (>1)\'  metal  

85 

10 

TJnotype  ^  

Ant  inumial  lead   

80 

2(» 

Magnolia   

80 

Bearing   

80 

10 

10 

Railroad  hcarinLr   

U) 

Monotype   

ll 

Is 

Sl;ui(lai<l  white  nit  t.il   

24 

( Ira  phit  e  metal   

()S 

15 

Rail  rood  hearing   

25 

U) 

Ilaih oad  hearing   

(10 

20 

20 

Standard  type   

58 

20 

15* 

*】 per  cent,  of  copper  also  added . 


These  alloys  may  be^  divided  into  three  classes,  as  follows  ： 
Alloys  with  a  lead  base;  alloys  with  a  zinc  base;  and  allovs 
with  a  tin  base.  For  the'  various  uses  to  which  die-cast iugs 
may  be  applied,  ilie  otlie'r  ingredients  of  these  alloys  may  be 
any  of  the  following  :  Antimony,  bismuth,  cadmium,  copper, 
aluminium,  nickel,  silver,  and  iron.  Recently  boron,  in  the 
form  of  boron-copper,  ha&  been  u&ed.  The  iron  is  present  as 
an  impurity  only  and  in  minute  quantity,  as  a  small  per- 
centage of  this  metal  would  raise  the  melting  point  of  the 
alloy,  and  no  means  have  yet  been  found  far  making  die- 
casting  a  commercial  success  from  alloys  whose  melting  tempe- 
rature is  much  over  1,000°  Fall. 

Bronze,  cast  iron,  steel ,  and  some  of  the  new  and  rare 
metals  have  been  tried  for  making  the  moulds  for  die-castings. 
None  of  these,  however,  gave'  satisfactory  service,  partituilarlv 
when  the  melting  temperaturei  exceeded  1,000°  Fall.  Special 
alloy  steels  have  been  found  the  most  suitable  for  the  dies,  and 
are'  always  used  for  higli-grade  castings.  Bronze  warps  wlien 
used  for  dies,  the  castings  becoming  deformed.  Cast-iron 
moulds  flake  and  are  easily  chipped  or  broken.  Steel  begins 
to  oxidise  wlien  the  temperaiiu-e  is  raised  to  about  1 ,400°  Fall., 
and  particles  of  the  steel  adhere  to  the  castings. 

Tlie  metals  or  alloys  used  for  die-castings  must  possess  a 
low  point  of  fusion,  but  the  lower  tlie  point  of  fusion ,  the 
weaker  will  he  tlie'  metal  or  alloy,  and  it  will  be  less  able  to 
withstand  heavy  stresses.  Parts  that  are  subjected  to  severe 
service  should  never  be'  die-cast.  The  alloys  with  a  lead  base 
are  the  most  numerous,  as  they  have  the  lowest  melting  points 
and  henoe  are  the  easiest  to  cast.  When  properly  alloyed,  the 
molten  metal  will  flow  freely  into  the  most  ininute  depressions 
in  the  mould,  and  intricate  and  delicate'  castings,  therefore, 
can  be  m ade  by  tliis  process.  Lead -base  alloys  have  th-e  lowest 
physical  properties  of  any  of  the  alloys  used  for  die-casting, 
and,  therefore,  cannot  be  used  for  castings  subjected  bo  severe 
service.  Lead  has  b&en  used  in  nearly  all  ]>roportions  ii]>  to 
93  per  cent.,  and  it  nearly  always  is  alloyed  with  antimony 
and  tin .  Comparatively  large  percentages  of  antimony  are 
used  to  overcome  tlie  excessive  slirinkage  of  lead.  Usually 
this  varies  from  10  to  25  per  cent.  The  tin  stiffens  and 
strengthen&  the  lead  base  alloy  and  usually  is  added  in 
amounts  varying  from  5  to  20  per  cent. 

The  compositions  of  lead-ba9e  alloys  used  extensively  for 
die-castings  are'  given  in  Table  I.  Many  other  combinations 
can  be  made,  but  these  indicate  the  nature  of  these  alloys. 
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They  cunsiitulf  t  he  and  hearing  metals  ； md  some  of  t  lie 

solders  that  liave  htvn  used  for  centurievS,  and  yet  soiih*  of 
these  have  been  exploited  as  special,  secret  (impositions  made 
especially  for  die-casiings.  I ,ead  has  a.  liigh  lustre,  is  bluish- 
grey  in  colour,  possesses  higli  malleability  and  ductility,  low 
tenacity,  and  a  <lense  grain.  Its  melting  point  is  I  '  Kali. 
Two  or  more  pieces  can  l>c  welded  together  by  pressure  alone, 
or  if  fuiely-divided  it  can  1>('  pressed  into  a  solid  mass.  It  can 
be  forced  easily  through  small  apertures  to  form  various  intri- 
cate shapes,  as  well  as  tubes  and  pipes  of  various  forms. 
These  properties  make  it  s])t'cially  useful  lor  casting  uihIim' 
]>ressure  in  metal  moulds,  but  its  physical  i)ro]>erties  are  so 
low  that  other  elemonls  miisi  ho  ;ulde<l  to  increase  its  stren^tli. 
The  deusil v  of  h'a(i，  liowcvcr,  is  decreased  by  the  addition  of 
other  metals.  Zinc  cannot  be  alloyed  successfully  with  lead, 
as  it  enters  into  solution  wit  li  t  liis  metal  only  to  a  limited 
extent.  These  two  elements  can  be  made  to  enter  into  com- 
plete solution  by  heating  to  approximately  1,700°  Fah.,  but 
when  cooled  slowly  they  again  segregate.  The  oftener  they 
are  heated  and  cooled,  the  greater  .will  be  the  segregation,  and 
this  will  be  increased  by  slow  cooling.  If  it  were  possible  to 
suddenly  cool  sucli  an  alloy  t'r()m  1,700  1  to  at niosplicric  t。m"'' 
ratures,  the  zinc  and  lead  could  be  held  in  solution.  There- 
fore, any  desirable  properties  that  zinc  might  add  to  load  are 
nullified  by  Uit1  process 纖 ployed  in  making  die-castriiigs,  and 
such  an  alloy  is  useless'  for  this,  purpose.  Tin,  therefore,  must 
be  used  in  place  of  zinc. 


Table  II. 

—Zu/c-fidsf  .  1  Not/s  I 

' scfl  for  1) 

/  ( 'rtsfittf/s. 

/inc. 

Tin. 

Copj>cr, 

AnUmony. 

Aliuiiinium, 

Lead, 

\)i.'Y  cent. 

per  cent. 

jK'i*  cent. 

per  cent. 

por  cent. 

per  cunt. 

！ 

3-5 

2-0 

1-5 

0-4* 

7-0 

】'o 

！ 10  0 

5-0 

s'd 

S!)-(l 

i'o 

(»*0 

88-5 

4-5 

2-5* 

••f 

SS-(» 

n-o 

l'"5 

0-5 

00 

10-0 

80*0 

10-0 

10 

S5-0 

5-0 

50 

5-0 

85-0 

5-0 

10-0 

84*0 

9-9 

1-0 

1-0 

I'O* 

i'l 

s;i-o 

5-0 

10-0 

2-0 

82-0 

0-0 

1-5 

. 0-5 

10*0 

82 -0 

5-0 

6-5 

7«)-0 

1  \  i) 

(>•() 

1  •() 

. . . 

7(>*U 

17:5 

r"o 

1-5 

»7-0 

:n-u 

20  0 

74  0 

150 

5-0 

0-0 

740 

J20 

30 

73-0 

5-0 

2*6 

1*0 

By  analysis.       t  Phosphor  copjtcr  IT). 


Tin  melts  at  a  leiniieralure:  of  450°  Fall.  It  is  a  highly 
ct  vslallino  metal,  that  is,  it  is  malleable  and  ductile  and 
possesses  high  tetiacily.  As  lead  i&  noi 卜 （T\'stalline  and  has 
coniparatively  low  "'iia('Uy，  tin  forms  a  valuable1  alloying 
HKiterial.  Tlie  tin  hardens  and  increases  thei  tenacity  and 
toughness  of  the  lead,  and  the  lead  increases  the  mallealnlit y 
and  ductility  of  the  tin.  They  are  melted  easily  and  combine 
in  ； ill  percentages..  Tlie  alloy  shrinks  les«  on  cooling  than 
<iiilier  molal  cast  hv  itself.  An  alloy  containing  three  parts 
tin  and  one  part  lead  lias  a  melting  temperature  75°  less  than 
iliat  of  pure  lead  and  250°  below  that  of  pure  tin.  Increasing 
the  percentage  of  either  el  em  ent  in  this  alloy,  increases  the 
melting  temperature  in  like  proportions,  until  it  reaches  the 
melting  temperature  of  the  pure  lead  or  tin  when  either  of 
the  other  elements  has  been  eliminated.  Tlie  higher  the  per- 
centage of  tin,  the  smoother  and  brighter  will  be'  the  surface 
of  the  die-castings,  as  it  causes  the  alloy  to  flow  or  spread  over 
I  lie  surface  of  tlie  ^teel  ！ noukl  much  better  than  when  only  a 
snuill  percentage  of  tin  is  used . 

Aiitinionv  expands  wlien  freezing  into  a  solid  from  the 
liquid  ^ate,  while  nearly  all  other  metals  si i rink.  Ant iinojiv, 
therefore,  is  used  in  nearly  all  die-casting  alloys  to  overcame 
their  shrinkage.  It  melts  at  1,166°  Fall. ,  and  lias  a  high 
metallic  lustre  of  a  silvery-white  colour.  It  is  hard  and  brittle 
and  lvence  imparts  hardness  to  lead  or  lead -tin  alloys,  at  the 
same  time  decreasing  their  shrinkage.  The  ziiic-b'ase  alloys 
require  only  from  1  to  2  }>er  cent,  of  antimony,  as  the  zinc 
has  the  proper  degree  of  hardness  and  does  not  shrink  as  much 


as  lead .     I  n  t  lit*  lead  h;is<*  ； i Hoys,  where  l>ot  li   hardiness  and  - 
non-sliriMking  properties  an'  d«sire<J,  the  ant  iriKjn  y  is  s(>m" 
times  increased  as  lii^'li  as  2.ri  per         .     It,  exi>ands  lead  in 
jnoportioii  to  tlie  amotiiit  until  Uk'  ； iiitimoiiv  i、  in\sf<\ 

to  13  per  cent.  From  1  liis  point  1  lie  expansion  declines  until 
3f3  per  cent,  of  aiitiinony  is  used  ；  from  35  to  50  per  cent, 
expansion  increases,  but  troni  the  latter  point  it  again 
declines,  but  increases  as  tlie  j>u re  aiitiinony  is  a|>|)roaclH-*J 
The  eutectic  alloy  contains  1 3  per  cent,  of  antimony  and  87 
per  cent,  of  lead,  and  its  melting  temperature  i9  443°  Fah. 
This  is  1 78°  below  the  melt in^  |xniit  of  lead  and  723°  below 
that  of  antimony.  Altliough  aiitiinony  melts  ； it  a  ]M>int  above 
that  at  which  die-castings  can  be  made  suax^sfully,  the  alloys 
in  which  it  is  used  rnelt  considerably  l>elow  that  point.  The 
inaxitiium  liani n*'s>  is  imj>;ir。''l  to  wit  li  17  :5  jmt  cent,  ol 

antimony.  From  tliis  percentage  it  declines  gradually  until 
80  pel'  cent,  of  antimony  is  reached,  when  it  increases  raj>i(ll  v 
until  the  hardness  of  pure  aiitiinony  is  attained.  The 
maximum  hardness  of  antimony  is  more  than  four  times  that 
of  pure  lead. 

When  making  die-castings  the  metal  is  forced  into  t  lie 
moulds  under  pressure,  and  this  has  a  tendency  to  further 
increase  the  shrinkage.  If  castings  are  to  be  made  within 
0  005i】i.  of  tlie  correct  size,  thereby  eliminating  machining,  it 
is  essential  that  the  alloy  completely  fills  the  mould  when  the 
casting  is  cold.  Therefore,  tlie  expanding  properties  of  some 
such  element  as  antimony  must  be  U9ed.  Bismuth  possesses 
this  property  to  a  greater  degree  than  antimony.  It  also 
has  a  lower  melting  point,  namely,  518°  Fah.  It  requires  only 
about  one-half  as  mucli  bisTimth  to  accomplish  the  same  results 
as  antimony,  and  its  inelting  point  is  well  below  the  maximu 川 
for  die-castings.  Bismuth ;  therefore,  is  used  sometimes,  but 
it.  costs  more  than  20  times  as  much  as  antimony  and  far  this 
I't-ason  is  not  generally  employed. . 

Bismuth  has  a  bright,  metallic  lustre  of  a  greyish-whik^ 
colour,  slightly  tinted  with  pink,  and  is  very  hard.  It  com- 
bines with  tin  in  all  prc]>ortions  and  increases  its  hardness, 
lustre,  and  fusibility.  Up  to  2  5  per  cent,  of  bismutli,  the 
alloy  is  ductile,  but  this  decreases  with  higher  percentages,  and 
when  25  per  cent,  of  bismuth  is  used  the  alloy  can  1"' 
juilveri&ed.  Bismutli  can  be  used  in  small  percentages  with 
tin,  but  when  lead  is  added  to  these  metals  it  destroys  many 
of  the  properties  desired  in  die-castings.  This  is  due  to  the 
fact  that  lead  do^s  not  combine  with  the  bismutli  and  is  liable 
to  segregate  when  tlie  alloy  is  cooling.  Bismuth  also  lowers 
i lio  inelting  point  too  mucli  to  be  useful  for  anvt liin^  but 
soldors.    One  alloy  of  these  three  elements  melts  at  300°  Fah. 

The  zinc-base  alloys  are  best  adapted  to  (lic-cjusliii<(  work 
and  probably  are  the  strongest  of  the  wliite  metal  alloys  for 
clie-casting  parts.      They  seldom  contain  lea<i  as  an 

impurity,  althougli  occasionally  a  special  anti-frictioiial  alloy 
is  used  that  contains  from  5  to  12  per  cent,  of  this  metal . 
The  tin  content  rarely  exceeds  15  per  cent.,  but  when  a  com- 
paratively high  copper  mixture  is  desired,  the  ]>ercentage  of 
tin  must  be  sufficiently  high  to  neutralise  tlie  high  nielt  im: 
point  of  the  copper  and  to  overcome  some  of  its  bad  cast  in  1： 
properties.  With  20  per  cent,  of  copper  about  30  per  cent,  of 
tin  must  be  used.  This  will  give  tlie  castings  a  yellowisli 
colour,  but  tliey  are  not  as  strong  as  those  with  a  lower  cop|>er 
and  tin  content  .  The  highest  t -ensile  strengtli  can  be  obtained 
by  keej)ing  both  the  co]>i>er  and  tin  between  2  aud  5  per  cent. 
Tliis  is  due  to  the  fact  that  tin  and  zinc  do  not  combine  readily 
and  tlie  zinc  is  liable  to  segregate.  A  tin-zinc  alloy  is  harder 
and  less  malleable  than  tin,  softer  than  zinc,  and  more 
crystalline  than  both.  The  facets  of  crystallisation  of  tin- 
zinc  alloys  have*  a  lustre  similar  to  graphite.  Small  per- 
centages of  aluminium  often  are  used  io  purify  and  strengthen 
die-casting  alloys,  but  high  percentages  increase  tlie  inelting 
point  too  high.  Alinniiiium  also  oxidises  so  rapidly  that 
castings  with  a  smooth  surface  and  free  from  dross  are  difficult 
to  produce.  Some  zinc-base  alloys  that  have  been  used  suc- 
cessfully are  given  in  Table  II. 

Zinc  melts  at  786°  Fah.,  and  has  a  bright,  metallic  lustre 
of  a  bluish-white  colour.  It  is  hard,  brittle,  and  highly 
crvstalliiie,  hut  when  cast  near  the  solidifying  point  it  is 
tou^lier,  more  malleable,  and  stronger  tlian  when  cast  at 
higher  temperatures.  Hence  it  is  necessary  to  add  other 
elements  to  increase  its  strength  and  toughness.  Copper 
toughens  zinc,  but  high  percentages  of  this  metal  cannot  be 
used  and  for  this  reason  other  alloys  are  added.    Toughness  is 
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obtained  only  at  a  sacrifice  of  hardness,  and  the  additions  of 
zinc  and  other  metals  must  be  governed  by  the  uses  to  which 
tho  die-castings  ar©  to  be<  put.  If  great  hardness  is  desired, 
alloys  with  the  higher  zino  content  are  best,  but  when  tough- 
ness is  desired,  the  zinc  percentages  must  be  lowered  in 
proportion  to  the  amount  of  toughnesg  required. 

Copper  backs  the  zinc  crystals  and  thus,  to  a  large  extent, 
o\ crconies  the  crystalline  nature  of  the  zinc,  but  it  does  not 
add  strength  to'  any  extent.  Tin  will  add  strength  and  tough- 
ness to  this  combination  and  lienoe  it  is  nearly  always  used 
with  them .  Sometimes  the  tin  is  omitted  and  from  3  to  6  per 
cent,  of  aluminium  is  employed.  Silver  possesses  high  tenacity 
and  has  been  added  frequently  to  overconie  brittleness,  but  it 
is  too  expensive  for  most  commercial  castings.  Aluminium 
imparts  stifFness  and  fluidity  to  zinc-copper  alloys  and  excels 
tin  in  this  respect.  Three  per  cent,  of  aluininiuiu  added  to 
10  of  copper  and  87  per  cent,  of  ziuo  will  increase  the  strength 
live-fold.  Phosphorus  also'  adds  strength  and  increases  the 
'fluidity.  Nickel  increases  the  strength  and  ■elasticity  of  these 
alloys,  but  its  melting  point  is  so  high  that  it  can  be  used 
only  in  very  small  doses. 

The  tin-base  alloys  are  best  adapted  to  bearing  mixtures. 
An  excellent  alloy  follows :  Tin,  65  por  cent.  ；  zinc,  29  per 
cent.  ；  copper,  4*5  p&r  cent.  ；  and  antimony,  1'5  per  cent. 
This  alloy  is  termed  a  white  bronze.  Parsons  white  bronze 
contains  56*5  per  cent,  of  tin，  38  5  per  cent-,  zinc,  2  5  per  cent, 
copper,  15  per  cent,  antimony,  0*5  per  cent,  of  lead,  and 
0*5  per  cent,  of  aluminium.  The  lead  doubtless  is  an 
impurity.  These  alloys  are  used  extensively  for  die-cast  bear- 
ings, although  numerous  variations  from  these  mixtures  also 
are  employed. 

Numerous  elements  for  die-casting  mixtures  also  aro  being 
investigated,  particularly  those  that  will  increase  ilio  physical 
l>roperties.  The  latest  of  thes©  is  boron .  An  alloy  is  reconi- 
meiided  for  die-casting  that  contains  80  per  cent,  of  lead, 
1975  per  cent,  of  boron-copper,  and  0'25  per  cent,  of 
antimony.  It  is  claimed  that  this  is  tough,  hard,  aiul  equal 
to  babbitt  metal.  Its  melting  point  is  900°  Fall.  Titanium 
also  is  being  experimented  with,  and  as  this  element  removes 
oxygen  and  nitrogen  it  should  prove  exceedingly  beneficial. 
Magnesium,  sodium,  and  calcium  are  being  tried  for  the  pro- 
duction of  alloys  with  low  Specific  gravities,  but  no  combina- 
tion has  yet  been  found  that  can  be  successfully  cast  in  die- 
moulds  under  pressure.  Thallium,  talhii"ium,  and  cadniiuin 
are  metals  with  low  fusing  points,  but  have  not  })roved 
successful  in  die-casting  mixtures. 

The  great  objection  to'  many  die-ca^i ings  is  iliai  they  are 
porous  and  spongy  in  the  centre,  oven  tliougli  tliey  may  have 
a  smooth,  sound  exterior  surface.  If  an  alloy  could  be  pro- 
duced that  would  be  solid,  homogeneous,  and  fine-grained 
throughout  the  cast  part,  or  if  the  moulding  methods  could  be 
improved  so  that  this  result  could  be'  obtained,  the  strength  of 
the  castings  would  b©  greatly  increased  and  their  uses  would 
be  greatly  multiplied  and  extended  commercially. ― "  The 
Foundry." 

COOLING  OF  INTERNAL-COMBUSTION  ENGINES. 

The  arrangements  ordinarily  used  for  cooling  the  cylinders  of 
internal-combustion  engines  for  marine  purposes,  consist  of  a 
puinp  delivering  water  to  the  jackets  of  the  various  cylinders 
froni  which  it  is  discharged  overboard.  The  pump  may 
deliver  separately  to  Che  jacket  of  each  cylinder,  or  to  all  of 
them  collectively,  but  in  either  cas&  wlien  the  water  supply  is 
reduced  in  quantity,  with  a  view  to  allowing  the  cylinders  to 
remain  at  a  comparatively  high  temperature,  in  order  to 
ensure  satisfactory  combustion  and  good  working,  there  is 
always  the  danger  tliat  some  part  of  the  cylinder  jacket  or 
system  may  be  short  of  water,  with  the  result  that  while  the 
cylinder  or  system  will  be  too  cool  in  one  part,  steam  will  be 
generated  in  another,  which  may  have  most  disastrous  results, 
often  resulting  in  a  large  deposit  in  the  water  jackets,  which 
cause  the  cylinders  to  overheat  aud  crack .  The  accompany- 
ing illustrations  show  an  arrangement,  specially  applicable  to 
！  n  ar  in  e  motors,  whereby,  where  a  practically  unlimited  supply 
of  cooling  water  is  available,  a  proportion  of  water,  depending 
upon  the  rate  of  working  of  the  motor,  is  continually  added  bo 
and  rejected  from  the  system ,  the  water  proportion  being 
definitely  jiredetermined  by  adjusting  a  valve. 

The  arrangement,  wliich  is  tlie  inventioj)  of  Messrs.  John 
1.  Thornycroft  &  Co.，  Ltd.,   Caxton   House,  Westminster, 


London,  S.W.,  is  shown  diagramrnatically  in  the  accompanying 
illustrations.  A  pi]>e  A  is  sliown  as  connecting  the  outlet 
pipe  B  or  delivery  end  of  the  circulating  system,  including  the 
jackets  C.  of  the  multi-cylinder  engine  D  to  the  suction  pipe  E 
of  the  circulating  pump  F，  a  liand-operabed  valve  G  being 
placed  in  the  connecting  pipe  A.  Tlie  inlet  end  portion  J  of 
the  suction  pip&  E  beyond  the  pip©  A  which  receives  water 
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from  the  sea,  may  be  provided  with  a  valve,  say  the  usual 
sea-cock.  By  means  of  the  valve  G  the  amount  of  water 
passing  from  the  delivery  pipe  B  back  to  tlie  suction  of  the 
pump  F  and  the  amount  of  additional  water  supplied  through 
the  pipe'  J  to  the  cirtuilating  system  and  allowed  to  flow  off 
through  the  outer  end  portion  K  of  the  delivery  pipe  B  into 
thei  sea,  and  therefore  the  temperature1  of  the  water  circulating 
through  the  jackets  C  of  th&  engine,  can  be  easily  regulated  to 
suit  requirements. 


PULVERISED  COAL  IN  METALLURGICAL  FURNACES.* 

BY  JAMES  LOUD. 

About  10  years  ago,  the  American  Iron  and  Steel  Wanui'ac- 
turiug  Company,  noting  the  use  of  pulverised  coal  in  the  large 
furnaces  of  the  cement  industry,  commenced  tlie  experimental 
use  of  this  fuel  in  metallurgical  furnaces.  From  the  first  it 
was  apparent  that  its  economical  use  depended  upon  the  abso- 
lute control  of  the  feed  by  the  burner.  This  having  been 
accomplished,  we  have  applied  it  to  over  100  furnaces  of 
various  types,  such  as  tliose  for  puddling  and  heating,  and  of 
smaller  sizes  for  re-heating  uut,  bolt,  and  spike  bars. 

It  has  proved  to  be  a  commercial  success  for  all  these 
purposes,  and  the  experience  of  ourselves  and  of  ot'liers  work- 
ing along  similar  lines  shows  that  it  can  be  used  with  equal 
economy  for  basic  open -hearth  steel  furnaces,  either  witli  or 
without,  checker  work.  Our  experience  in  the  use  of  this  fuel 
over  a  number  of  years  has  been  so  satisfactory  and  so  econo- 
mical that  we  are  now  largely  increasing  our  installation,  and 
are  about  to  apply  it  to  open-hearth  steel  furnaces. 

Success  in  the  use  of  this  fuel  requires :  (1)  That  both  the 
free  and  combined  moisture  be  expelled  by  artificial  heat  down 
to  0'5  per  cent.  (2)  That  it  be  pulverised  so  that  95  per  cent, 
will  pass  through  a  sieve  of  100  meshes  to  the  square  inch. 
Over  80  per  cent,  that  we  pulverise  will  pass  through  a  200- 
mesli  sieve.  (3)  The  delivery  to  the  furnace  must  be  controlled 
by  the  burner  so  that  the  proper  feed  may  be  secured.  We 
have  burners  using  only  401bs.  per  hour,  others  over  9001bs. 
(4)  For  the  purposes  stated  above,  metallurgical  fui'iiaces,  the 
roal  should  have  a  high  volatile  content,  not  less  tlian  30  per 
cent.  The  coal  we  are  now  using  analyses  ：  Volatile,  33*20 
per  cent.  :  fixed  carbon,  56"07  per  ceut.  ；  moisture,  1*12  per 
cent.  :  ash,  9  (31  per  cent.  The  sulphur  should  not  exceed 
1  per  cent. 

In  tlie  puddling  and  heating  furnaces,  the  firing  ^rat^s 
formerly  used  for  luinj)  coal  servo  as  combustion  cliaml>ers 
for  pulverised  coal,  and  collect  a  large  portion  of  the  asli. 
The  coiiibustion  chain1>er  in  the  heating  furnaces,  liolding 
about  6  tons  of  iron  piles,  is  about  5ft.  from  back  to  bridge 
wall.  Some  is  collected  at  the  base  of  the  stack,  and  some, 
in  impalpable  fineness,  passes  through  the  stack.  That  whi<,li 
falls  upon  the  material  in  furnace  is  too  small  a  percentage  to 
unfavourably  affect  it.  In  one  of  our  plants,  located  near  a 
residential  section,  we  have  suction  fans  in  the  stacks  to  col- 
lect the  asli. 

Our  equipment  for  preparation  of  pulverised  coal  a  I  our 
*  Paper  read  before  the  Euginocrs'  Society  of  WcsLurn  lVuus>lvauia. 
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Lebanon  plant  is  as  follows  :  The  slack  coal  is  conveyed  auto- 
matically from  ilie  car  to  the  pile,  then  taken  l)y  screw  con  - 
veyors  to  the  dryers,  and  in  the  same  manner  from  the  (li  vers 
to  the  pulverisers.  WUen  ready  for  use  it  is  similarly  con 
vcvi'd  throiigliout,  the  works,  in  some  cases  a  iliird  of  a  mile. 
1 1  is  not  fouclted  by  hand  or  shovel  from  t  he  Irciglit'  car  to 
the  furnace.  Using  slack  coal  we  do  not.  re(|iiire  a  crusl)(M\ 
The  dryers  are  made  by  several  manufacturers.  The  pul- 
verisers are  of  two  types,  the  horizontal  tube  mill  and  tlio 
upright  mill.  They  are  practically  equal  in  efficiency,  each 
niacliine  delivering  about  4  to  4i  tons  per  hour.  These  mills 
are  made  by  a  number  of  manufacturers. 

As  the  coal  leaves  the  pulverising  plant  it  is  weighed  on 
a  large  automatic  scale.  The  heating  and  puddling  furnaces 
have  each  a  small  automatic  scale,  and  the  total  of  the  small 
scales  is  checked  u p  each  day  with  the  record  of  the  large 
one.  At  the  end  of  each  line  there  should  be  an  overflow 
pipe,  to  prevent  the  coal  from  choking  up  the  screw,  if  any- 
thing should  happen  to  the  cross  lines.  Otlie rwise,  should 
the  coal  overflow  near  an  open  fire  it  will  burn  back  very 
quickly. 

Attached  to  each  of  our  furnaces  -is  a  tank  or  hopper  of 
size  to  carry  about  a  15-hour  supply  of  pulverised  coal.  On 
several  occasions  the  fuel  has  ignited  in  these'  tanks,  usuall v 
on  Monday  mornings  when  the  left  over  fuel  lias  accumulated 
moisture.  In  such  cases  it  is  only  】iecessary  to  stop  the  supply, 
and  to  feed  the'  burning  coal  into1  the  furnace  until  tank  is 
empty.  There  is  no  danger  of  explosion  under  these  condi- 
tions. Indeed,  in  our  entire  experience  with  this  fuel  W€  hav-e 
liad  no  explosions.  These  occur  from  coal  in  suspension  in  a 
room  coming  in  contact  with  flame.  The  same  result  would 
follow  filling  a  room  with  wheat  flour  in  suspension.  Proper 
attention  to  the  pulverising  plants  and  machinery  will 
eliminate  this  j^ossible  danger.  It  is*  not  good  practice  to 
have  the  dryer  in  the  coal  pulverising  house',  for  the  reason 
that  if  an  accident  should  occur  causing  the  coal  to  overflow,  it 
might  be  drawn  into  the  fire  chamber  of  the  dryer  causing 
fires,  with  possible  injury  to  employes. 

The  fuel  should  be  delivered  to  puddling  and  heating  fur- 
nacss  at  a  low  air  pressure.  Wo  u&e  4  oz.  to>  6  oz.  of  blast  to 
blow  the  coal  through  a  small  pipe  from  the  burner  to  the 
large  blast  pipe,  which  in  a  heating  surface  is  from  lOin.  to 
14in.  diani.  This  】ai'ge  pipe  conveys  it  to  the  furnace  with  a 
pressure  of  about  1  oz.  or  less  per  square  inch.  If  these 
pressures  are  observed  the  roof  and  side  walls  of  a  furnace 
hea ting  wrought  iron  for  rolling  will  last  four  or  five  months, 
when  running  double  turn  six  days  per  week . 

As  to  economy  of  fuel,  I  show  the  actual  results  in  our 
Central  Works  during  the  months  of  April  and  May,  1913. 
The  figures  show  the  quantity  of  fuel  necessary  to'  produce  one 
ton  of  puddled  bar,  made  from  grey  forge  pig  iron,  the  product 
during  these  mouths  was  for  high-grade  bar  requiring  special 
work  and  time. 

April,  May, 
])ounds  pounds 

No.  23  furnace    1,362  1,318 

No.  24  furnace    1,169  1,277 

No.  25  furnace    1,271  1,472 

No.  2(i  furnace    1,371  1,362 

The  average  for  same  inoiiihs  on  a  lower  grade  of  pig  and 
cast  scrap  was  l,2391bs.  Our  1912  records  show  cost  of  pre- 
paring pulverised  coal  as  follows  ： ― 

Cttsi  of  PrrjKirinn  Om-  Gross  Ton  "f  (  UhiL 

CViit's. 

Fuel   •   0034 

Repairs  to  buildings    UOU2 

Operating   r   0145 

Power  (steam  and  electric)    i)'22l 

Kopairs  to  inachiiioi y  and  eqnii)moiit   

Total   •   0*602 

This  total  includes  the  cost  of  automatic  transmission 
througli  pipes  to  the  furnaces.  Analysing  til©  last  expense 
item,  we  find  repairs  which  should  be  charged  over  tll%  past 
eight  years,  so  that  total  cost  of  preparation  and  transmis?ion 
did  not  prop&rly  exceed  50  cents  per  ton  of  ]>ulverised  coal 
l)rodxu*ed  during  1912.  Tf  we  so]iarate  the  t ransniission  from 
the  actual  preparation,  i he  cost  of  ilie  latter  would  be  less 
tlmn  40  cents  per  ton.  Mmiiv  plants  would  not  require  tlie 
extensive  transmission  required  by  us.      When  the  coal  is 


prepared  as  herein  outlined,  smoke  is  practically  <'limin;"'  'i 
If  the  stacks  show  black  smoke,  it  wouM  iinlicate  a  wasteful 
use  of  ilie  fuel  to  the  detriment  of  the  operator  s  inU'i  cst ,  aii'l 
it  is  at  once  corrected. 

In  healing  iron  piles  for  rolling  w(，  have  the  following' 
results  during  the  same   mont  lis,  t  \v    fi 乂 m'f's  siiowin^ 
amount  of  fuel  coiiKUined  io  produce  ； i  ^ross  ton  o\'  r')ll('(l  Ijars. 
On  sleol  l)illets  tlie  ； miouiit,  would       on<>  t  hird  loss. 

April.  .May, 

Naiiit*  ol'  mill  jioiiikLs  p',iui'l， 

12in.  Central   510 

12in.  West   514  570 

16in.  Central    ;j!!J  523 


HIGH  TENSION  OVERHEAD  TRANSMISSION  LINES.  : 

BY   B.  WKLBOUUN. 

In  our  large  industrial  centres,  wliere  electrical  energy  is 
usually  conveyed  to  consumers  by  underground  cables,  it  is  I  rc- 
({uently  not  realised  what  extensive  use  of  overhead  wires  is  lac- 
ing made  in  country  districts  for  the  same  purpose.  So  i'nr  ； i、 
can  be  ascertained  there  are  already  nearly  1,000  miles  of 
overhead  lines  in  the  United  Kingdom  which  are  operated 
at  alternating  pressures  between  2,000  and  20,000  volts  in- 
clusive ； and  of  tliese  there  are  115  miles  in  operation  or  im'l'  r 
construction  for  20,000-volt  working.  It  is  not  within  tli'' 
scope  of  this  paper  to  examine  the  problem  of  the  distanw  to 
which  it  is  commercially  economical  to  transmit  electricity 
in  preference  to  carrying  fuel,  but  it  may  be  recorded  that 
our  longest  direct  transmission  line  is  only  about  20  miles 
in  length,  while  one  of  40  miles  is  under  consideration. 

It  may  be  taken  for  granted  that  pole  lines  have  come  to 
stay  in  rural  districts,  where  low  first  cost  is  of  parainoinit 
imporlance  in  enabling  supply  authorities  to  give  a  di''; 屮 
supply  of  energy  to  industrial  works,  collieries,  houses,  &c. 
It  is  not  necessary  to  state  the  case  for  overhead  lines  at  any 
length,  but  it  may  be  well  to  give  the  following  figures  for 
3-phase  transmission  to  illustrate  the  saving  in  first  cost  be- 
tween underground  cables  and  overhead  lines.  In  compiling 
these  figures  of  costs  per  mile,  care  has  been  taken  to  include 
everything  required  for  work  of  the  highest  class.  Copper 
has  been  taken  at  £60  per  ton,  and  lead  at  £20  per  ton. 
The  copper  conductors  comprise  three  of  010  sq.  in.  section 
in  each  case.  No  buildings,  transformers,  or  switchgear  are 
included,  and  it  should  be  borne  in  mind  that  the  annual 
maintenance  and  depreciation  charges  on  an  overhead  line 
are  necessarily  heavier  than  on  a  modern  cable  svstem. 


Voltage. 

Cable  Laid  and  .loinUMl. 
inchidint!  Street  、Voi'k. 

Ovcrliuiul  Line  of  uimal 
Kilowatt  Capacity. 

6.000 

£1,400 

£900 

1 1 .000 

£1.550 

£950 

20,000 

£2,100 

£950 

Through  this  cheapened  means  of  transmission  murli  elec- 
trification work  is  now  being  undertaken  wliicli  would  other- 
wise not  be  commercially  possible.  The  extensive  use  of 
overhead  lines  has  thus  become  of  enormous  benefit  to  tlie 
manufacturers  of  electrical  plant,  cables,  and  accessories,  as 
well  as  to  the  supply  authorities  and  their  consun.ers.  The 
principal  difficulty  in  pole-line  work  across  country  is  that 
arising  from  the  necessity  of  negotiating  wayleaves,  and  thv>r 
negotiations  are  frequently  very  prolonged.  The  author 
tliinks  that  a  strong  case  has  been  made  out  to  justify  tlie 
Council  of  this  Institution  in  making  representations  to  the 
Board  of  Trade  for  the  benefit  of  tlie  electrical  industry  and 
all  consumers  with  a  view  to  removing  the  iuconsistencies 
which  exist  in  the  law. 

All  high-tension  lines  should  be  tle^ignetl  to  coiuplv  with 
the  current  regulations  of  the  Board  of  Trade,  or  、vitli 
approved  modifications,  and  it  cannot  be  too  stronglv  eni|>li;i- 
sized  that  the  success  or  otlierwise  of  all  lines  will  be  vorv 
largely  dependent  on  the  close  attention  wliicli  is  paid  Wh 
to  the  design  and  to  tlie  erection  of  every  detail.  For  in- 
stance, to  serure  the  best  result's,  it  is  essential  tliat-  the  en- 

„t  of  paper  leaa  before  the  Institution  of  Electrical  Eutiincers,  Junuiu  y 
lolli,  1914. 
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gineers  should  survey  and  set  out  the  line  and  then  prepare 
and  issue  to  the  constructional  engineers  a  route  plan  giving 
all  essential  details  of  what  is  required. 

Considerable  criticism  was  directed  some  time  ago  against 
the  requirements  of  the  Board  of  Trade  that  the  conductors 
should  have  a  factor  of  safety  of  5  at  22°  Fah.  and  wooden 
poles  a  factor  of  safety  at  10，  iu  both  ca&es  taking  the  wind 
pressure  at  301bs.  per  square'  foot  of  the  exposed  effective 
areas,  whereas  another  Government  Department  the 
General  Post  Office ― only  used  factors  of  4  and  8  respec- 
tively and  took  the  maximum  wind  pressure  at  17 lbs.  per 
square  foot.  In  both  cases  accumulations  of  ice  or  snow  are 
not  taken  into  account.  The  Board  of  Trade  lias  made  an 
alteration  in  its  requirements  recently  by  reducing  the  wind 


pressure  figure  to  251bs.  per  square  foot,  and  revised  regula- 
tions were  issued  covering  this  and  other  modifications  in 
May,  1913,  The  two  cases  which  are  compared  are  far  from 
being  analogous.  In  the  case  of  the  General  Post  Office  the 
voltage  on  the  wires  and  the  power  behind  it  are  not  such 
as  are  likely  to  cause  any  injury  to  person  or  animal  through 
shock  from  a  fallen  wire  ；  but  it  is  very  doubtful  whether  the 
Geueral  Post  Office  figures  are  sufficiently  conservative  when 
one  considers  the  extensive  wrecking  of  telegraph  and  tele- 
phone lines  which  occurs  in  every  snow  storm  that  is  acconi- 
pauied  by  a  gale.  High-tension  power  lines  are  on  a  dif- 
ferent footing.  It  is  the  duty  of  the  Board  of  Trade  to  pre- 
scribe reasonable  precautions  for  safeguarding  the  public,  &c.， 
from  fallen  wires,  and  for  the  maintenance  of  a  continuous 
supply  of  energy  to  those  who  are  dependent  on  it. 

Wood  and  Steel  Poles. ― Most  of  the  work  already  carried 
out  has  been  done  with  winter-felled  red  fir  poles,  creosoted 
by  the  Bethell  process  to  the  General  Post  Office  standard 
of  an  average  of  lOlbs.  of  creosote  per  cubic  foot  of  timber. 
There  is  good  reason  to  anticipate  a  life  of  35  to  50  years  for 
these  poles  if  they  are  left  undisturbed  and  if  they  are 
erected  within  a  few  months  after  creosoting.  The  reason 
j  ur  this  is  that  the  free  creosote  drains  into  the  earth  around 
( lie  pole  and  forms  an  additional  germicide  protection.  I  n 
the  last  two  years  much  interest  has  been  taken  in  poles 
creosoted  by  the  Rueping  process,  but  naturally  there  is  no 
experience  yet  of  their  life  on  the  few  lines  which  have  been 
erected  in  this  country.  The  poles  have  some  advantages  over 
Bethell  poles  in  that  they  are  both  lighter  in  weight  and 
cleaner  to  handle.  From  these  points  of  view  and  in  face 
uf  the  experience  obtained  in  other  countries,  poles  treated 
l>y  tlie  Powell  saccharine  process  must  also  be  seriously  con- 
sidered in  future. 

To  obtain  the  best  results,  it  is  essential  that  all  ]> (山' s 
should  be  selected,  dressed,  slotted,  bored,  &c.，  at  the  maker's 
v/orks  before  the  creosoting  is  clone.  The  maker  should  be 
supplied  with  detailed  drawings  showing  Hie  finished  result 
required,  and  the  inspection  of  the  poles  should  take  place 
at  his  yard  whenever  possible.  When  the  poles  are  built  up 
at  the  maker's  works  the  key -block  of  A-poles  and  the  brace- 
l)locks  of  A-  and  H-polcs  must  be  properly  marked  so  as  to 
ensure  tliat  they  are  put  together  correctly  again  on  tlie  site. 
Any  recess  cut  in  a  pole  after  creosoting  should  be  painted 
with  hot  tar.  Some  engineers  have  the  bottom  9ft.  of  tlie 
pole  covered  before  erection  with  a  preservative  mixture  con- 
sisting of  1|  parts  each  of  Stockhobn  tar  and  ylakcd  lime  and 
7  parts  of  well-boiled  gas  tar.  Steel  structures  before  de- 
livery should  be  coated  with  bituinastic  solution  ；  and  on  that 
part  of  the  structure  which  carries  the  insulators  and  so  nor- 
mally is  inaccessible  with  safety,  the  members  should  also  be 
galvanised  before  applying  the  solution. 

The  choice  between  stee】  and  wood  poles  is  mainly  a  ques- 
tion of  first  cost  plus  maintenance  charges.    In  the  industrial 


districts  of  this  country  there  are  many  reasons  why  pole 
lines  cannot  be  run  in  a  straight  line,  with  the  result  tliat 
the  spans  usually  do  not  exceed  85  yards  in  length.  For 
such  spans  it  is  cheaper  in  first  cost  to  employ  wood  poles 
which  require  no  after-maintenance.  Under  exceptional  con- 
ditions longer  sj>ans  can  b&  used,  and  steel  poles  can  then 
undoubtedly  be  employed  -  with  advantage.  In  the  author's 
opinion  steel  poles  should  not  be  employed  in  smoke  and 
fume-laden  districts  witliout  the  most  careful  investigation, 
because  experience  with  steel  poles  ou  tramway  and  railway 
systems  lias  shown  tliat  tlie  rate  of  deterioration  is  rapid  and 
tlie  cost  of  maintenance  in  painting,  &c.，  is  high.  On  most 
lines  it  is  best  to  deal  with  angles  by  using  H-poles,  wliich 
are,  when  necessary,  braced  with  trussing  tackle,  and  which 
are  equipped  with  stays  and  are  erected  so  as  to  bisect  the 
angle.  All  channel  arms,  pins,  stay  rods,  brackets,  bolts,  &c.， 
should  be  thoroughly  galvanised  to  the  usual  standard  speci- 
fication, and  where  the  threads  of  bolts,  &c.，  are  too  small  to 
be  brushed  out  while  wet  in  the  galvanising  process  they 
should  be  separately  sheradised.  All  stay  wires  should  con- 
form with  the  Engineering  Standard  Committee's  Specifica- 
tion No.  16  for  galvanised  wire  for  Tiiechanical  purposes.  Con- 
venient! standard  sizes  to  use  are  7/8  andf  19/8  S.W.G.  gal- 
vanised steel  strands,  which  should  not,  in  the  author's 
opinion,  have  a  breaking  strain  exceeding  33  tons  per  square 
inch,  as  otherwise  the  wires  will  be  too  hard  to  be  properly 
workable  when  nozzling  off.  All  stay  wires  should  be  con- 
nected to  the  general  earthing  system  of  a  line  ；  but  when 
lines  are  run  in  mountainous  country  where  it  is  difficult  to 
obtain  good  "earths,"  it  is  advisable  to  insulate  the  stay 
wire  near  tlie  pole  by  inserting  in  it  an  insulator  of  the  tram- 
way globe  strain  type.  Tfie  nozzles  of  all  stays  should  l>e 
protected  from  corrosion  by  being  coated  with  a  high-grade 
bitu mastic  paint,  and  unless  tlie  threads  of  all  stay  rods  ；。 、' 
galvanised  they  should  be  painted  with  a  mixture  of  45  parts 
tallow,  45  parts  coal  tar,  and  10  parts  of  mineral  pitch ,  as 
soon  as  practicable  after  installation,  to  prevent  them  rust- 
ing up  and  becoming  useless. 

Line  Conductors. ― Probably  95  per  cent,  of  the  high- 
tension  lines  are  equipped  with  copper  conductors,  chiefly 
because  that  metal  was  first  in  the  field,  and  while  it  is  very 
uniform  in  its  characteristics  it  also  has  a  high  scrap  value 
compared  with  its  original  cost.  Our  knowledge  of  alumi- 
nium has,  however,  made  rapid  strides  in  the  last  tiiree  years 
and  it  has  now  become  a  competitor  that  can  no  longer  be 
passed  over  without  serious  consideration.  For  instance, 
cold  rolling,  coupled  with  improved  maim farturintr  prorrs.scs 
in  the  United  Kingdoai?  lias  increased  the  breaking  strain 
of  aluminium  byi  10  per  cent,  over  that  obtained  only  tliree 
years  ago.  After  having  erected  and  watched"  the  behaviour 
of  about  500,000  yards  of  aluniinitim  conductors  (chiefly  on 


Fig.  *2.~Paton  Skmi-iuguj  Bixdkr. 

low-tension  lines),  the  author  is  very  decidedly  of  the  opini(、ii 
that  this  metal  ought  not  to  be  passed  over  in  favour  of 
copper  if  the  total  first  cost  of  a  line  comes  out  cheaper  with 
aluminium.  There  are  cases  where  sulphur  products  abound, 
r.f/.,  in  the  neighbourhood  of  coke  ovens,  where  aluminium 
should  be  preferred  to  copper  because  it  will  not  be  so  readily 
corroded. 

There  is  no  standard  practice  in  tlie  case  of  copper  in 
regard  to  the  use  of  solid  or  stranded  conductors.  On  spans 
up  to  50  yards  tramway  practice  may  very  safely  be  followed 
in  using  solid  wires  from  11|  S.W.G.  up  to  4/0  S.W.G.  For 
longer  spans  and  larger  sections  the  conductors  should  cer- 
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tainlv  be  stranded  because  of  tlie  iicklitional  strengtl.  ol.tM.n- 
able  and  7,  19,  or  31 -strand  conductors  will  lie  suitable.  Wlien 
specifying  the  breaking  strain  of  the  co])])er,  it  is  very  useful 
to  employ  a  formula  of  tlie  i'm'm  suggested  by  Mr.  A.  P. 
Ti'otter:  T  =  30-20  D,  where  T  =  breaking  strain  of  each 
wire  in  tons  ！) er  s(|uare  incl.,  D- diameter  of  wire  in  im-lics. 
In  other  respects  the  copper  sliould  comply  with  i\u-  latest 
British  Engineering  Standards  Specification,  dated  March, 
1910.  Tlie  "  limit  of  proportionality  "  on  the  wire  may  be 
taken  at  75  per  cent.,  and  Hie  niininnini  size  of  solid  «'"|)|.er 
conductor  now  allowed  by  the  Board  of  Trade  on  a  high- 
tcusion  line  is  No.  11|  S.W.G. 

With  ahiininium  it  is  essential  to  use  stranded  conductors, 
and  there  should  never  be  less  than  seven  wires  in  the  strand. 
Tlie  breaking  strain  of  the  wires  employed  in  tlie  strand  can 
be  obtained  from  a  lorniuhi  similar  to  the  above,  viz., 
T=  16  5  -  24  D.  顬 order  to  obtain  suitable  wire  it  is  sug- 
gested that  the  specification  should  call  tor  wire  having  a 
" limit  of  proportionality  "  of  70  per  cent,  appi'oxim.ately, 
and  conforming  after  stranding  with  the  tests  set  out  in  <li<' 
following  table  ： ― 
Suggested  Ttstx  for  ILnrd-dra  wit  Ahtiiiiinii in  ('<>"</ ii'.f'm 


Slaiidartl 
Wire  Gau^e. 

Dianieter  of 
Wire.  Inches. 

Breaking 
Strain.  Tons 
per  8Q.  in. 

l-;\U'iisiun  '  'n 
a  5in .  length. 
Per  cent. 

Test. 

4 

11  00 

300 

6 

(»I92 

1200 

3  00 

Thii'o  liim's 

s 

(>l"(〉 

KiMMI 

3  00 

round  its  n\\  n 

H» 

0-1 2S 

|：5'50 

30U 

(li;inirt(  r  ni» 

12 

010  1 

1  1(M) 

2'50 

and  t  lircr 

1  1 

ooso 

14-50 

2-50 

limes  off. 

10 

0*004 

H-75 

2;50 

it  is  easier  to  arrange  for  supply  to  he  given  on  a  rmg-main 
system.  The  second  line  .should  be  taken  by  a  different  route 
when  possible. 

It  is  not  possible  to  give  any  general  rule  as  to  the  spa' 
ing  to  be  adopted  for  conductors  for  any  particular  voltw', ；' - 
this  varies  with  (1)  the  size  of  conductor,  (2)  the  length  of  span 
(3)  the  windage,  (4)  the  sag,  and  (5)  the  horizontal  or  vertical 
arrangement  of  the  wires  ；  but  it  may  be  taken  that  the  spac- 
ing on  any  length  of  span  should  not  be  less  than  3ft.  for 
20,000  volts"  2ft.  6in.  for  11,000  volts,  2ft.  for  6,000  volte, 
and  2ft.  for  3,000  volts. 

Tying-in  of  Conductors. ― There  are  three  principal 
methods  of  tying-in  the  conductors  to  the  insulators :  ( 1  ) 
Flexible  binders,  (2)  semi-rigid  binders,  (3)  rigid  clanip^.  In 
the  author's  opinion  the  flexible  binder  demands  the  services 
of  skilful  wiremen,  and  is  the  best  both  for  copper  and 
aluminium  if  it  is  made  correctly.  Fig.  1  shows  the  copper 
binder  which  has  stood  the  test  of  several  years'  work  on  the 
Newcastle-upon-Tyne  Electric  Supply  Company'.s  lines  and 
has  never  been  known  to  fail.  The  only  semi-rigid  binder 
known  to  the  author  is  that  designed  and  patented  by  Mr. 
G.  K.  Paton,  chief  engineer  of  the  North  Wales  Power  and 
Traction  Company,  and  used  successfully  by  him  both  on  12\ 
miles  of  single  circuit  employing  solid  copper  conductors  vary- 
ing from  No.  4  to  2  0  S.W.G.  and  on  eight  miles  of  single  cir- 
cuit composed  of  stranded  aluminium.  The  Paton  binder  w;.- 
designed  to  overcome  troubles  on  lines  whicli  ru"  over  nioun- 
tains  and  are  subject  to  very  severe  weather  in  winter.  Under 
iliese  conditions  it  was  found  that  tlie  yoft-capper  flexible 


Tlie  object  of  tlie  "  wra]>  test  "  is  to  ensure  tlwit  no  brittle 
\viro  is  used,  and  it  should  be  nuted  that  com|»liaiirt'  with 
the  Board  of  Trade  Regulations  is  only  obtainalJe  by  igiiur 
ing  wires  larger  than  No.  6  S.W.G.     Lt  is  usual  io  make  ； ill 
joints  at  insulators  and  not  under  strain.    Tliere  are  inanv 
ways  iit  wliirli  copper  conductors  can  be  jointed.    Tlie  best 
way  known  to  the  author  for  jointing  copper  on  lines  \vlii(  li 
liavc  to  carry  heavy  loads  is  by  means  of  copper  braids. 
During  calm  Weather  tliere  is  no  difficulty  in  making 
lont  hutt-weldecl  joints  with  blow-latups  on  aluminiinn  con 
diH-turs  up  to  0  25  s<|.  in.  section,  wliioli  is  the  Inrgest  section 
that  is  likely  to  I"'  employed  in  high-tension  wm'k. 

Sjiarunj  ttf  Cn/tf/nrtftr-s. ― Frequently  on  single  poles  carry - 
iu<;  nuv  circuit  a  trian^ulai-  ^i>acing  of  Hie  coLnluciors 

is  ubtained  l>y  pla-'in^  onr  insulator  (m  ； i  rid^e-iroii  alinv"  t  lie 
zinc  pule  roof  (with  wliich  all  poles  should  l>e  litU'd)  and  two 
insulators  on  a  liorizontal  arm  below  it.    While  this  arrange- 
ment economises  space,  it  is  not  to  be  recomniended,  because 
tlie  ]>ole  roof  is  liable  to  be  damaged  and  because  it  is  diffi- 
cult to  make  tlie  top  iusulatoi- support  sufficiently  rigid  in  all 
positions,  and  particularly  on  curves.    A  better  arrangement 
is  thai  ol)ta.iiied  l)y    using    three   galvanised  wrought-iron 
brackets.    Two  of  these  can  be  arranged  on  one  side  and  one 
on  the  other  side  of  the  pole,  or  they  can  be  put  all  on  one 
side  of  the  pole  if  there  is  any  possibility  of  a  second  circuit 
being  required  later.    (In  passing,  it  sliould  be  noted  that 
no  pole  roofs  of  lighter  gauge  than  No.  14  S.W.G.  zinc  or 
No.  16  galvanised  iron  should  be  used.    Anything  lighter  is 
of  no  use  in  】iigh  winds.)    In  all  really  heavy  work,  such  as 
a  duplicate-circuit  line,  steel  channel  and  not  wood  cross-arms 
are  now  generally  used,  and  there  is  a  growing  practice  to 
;ihcUidon  the  equilateral  triangular  arrangement  of  the  wires 
on  3-pliase  duplicate  circuits,  and  to  erect  the  wires  of  each 
circuit  either  vertically  or  horizontally.      The  latter  is  the 
better  arrangement  when  duplicate  circuits  are  needed,  as 
trouble  has  been  experienced  "with  the  vertical  arrangement 
through  snow  loading  down  an  upper  wire  until  it  fouled  a 
lower  wire.      When  duplicate  circuits  are  needed  it  is  an 
excellent  plan  to  place  one  circuit  on  a  single  pole  and  tlie 
second  on  another  single  pole  at  least  one  pole  length  away 
from  it  if  wayleaves  can  be  arranged.    Tlie  great  advantages 
of  this  plan  are :  One  circuit  can  be  shut  down  for  repairs, 
&c.，  enabling  the  wiremeu  to  work  in  safety  and  quickly,  aud 


Kig.  3.— Showing  a  Mkthoij  of  Transi'o^ition  of  Tklki'Hum:  WiKKb. 

binders  originally  installed  si lotclietl  and  left  tlie  line  win—' 
loose  at  the  insulator.    Vil)rati (川 in  tlie  line  wire  the"  <-ausr*l 
chafing  both   of  tlie   wire  and   of  the  insulator  groove,  in 
wliich  the  glaze  was  broken  away.    Cases  were  found  wliere 
llic  liiu*  wire  IkuI  worn  away  for  30  per  cent,  of  its  diajnetcr, 
while  niaiiy  insulators  failed  at  the  groove.      The  J"'"'" 
binder  is  illustrated  in  Fig.  2.    It  is  made  of  solid  copper 
wire,  No.  4  to  No.  6  S.W.G.,  according  to  the  size  of  the  line 
wires  of  copper.    With  alurniniuin  lines  the  aluniiniuiii  l、im"'r 
varies  from  No.  2  to  No.  6  S.W.G.    The  binder  is  formed  on 
a  special  jig  to  clip  round  the  neck  of  tlie  insulator,  a  standard 
jig  being  made  for  each  size  of  insulator.      The  binder  is 
hooked  on  the  line  wire  and  then  bound  under  tension  at 
the  other  end  with  about  15  turns  of  No.  14  S.W.G.  soft 
binding  wire.    A  leather  or  pig-skin  chafer  is  fixed  between 
the  line  wire  and  the  neck  of  the  insulator,  and  after  five 
years'  use  it  has  been  found  that  the  chafer  remains  as  good 
as  new,  and  does  absolutely  stop  the  chafing  effects  on  the 
wire  and  the  insulator.  The  whole  binder  remains  tight  and 
is  yet  flexible  owing  to  the  cushioning  effect  of  the  chafer.  Tlie 
cost  is  about  the  same  as  that  of  a  well-made  flexible  copper 
hinder,  and  about  one-fourth  the  cost  of  some  nieclianical 
clips.    It  has  an  advantage  over  the  flexible  binder  in  that 
no  special  skill  is  required  for  fixing  it.    There  are  various 
forms  of  rigid  clamps  in  extensive  use.      When  riirid  ('lamps 
are  very  carefully  fitted  by  experienced  wiremeu  thev  appear 
to  give  satisfaction,  but  it  is  necessary  to  emphasize  the  fact 
that,  to  get  good  results,  each  clamp  sliould  be  fitted  to  tlie 
insulator  on  which  it  is  to  be  used  because  of  the  variation? 
in  dimensions  of  all  insulators.    Some  years  ago  the  author 
investigated  two  lines  on  wliicli  troubles  were  experienced,  and 
found  that  these  were  due  to  mechanical  clamps.      In  one 
case,  although  well  fitted,   the  line  vibration   had  caused 
crystallisation  and  breakage  of  the  metal  of  the  clamps.  In 
the  other  the  clamps  liad  been  so  badlv  fitted  that  thev  were 
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moving,  with  the  result  that  tlie  glaze  of  the  insulators  broke 
a nd  caused  the  insulators  to  fail. 

I fts/t/nfo/s. ― The  pin  type  of  insulator  is  moyt  in  favour 
in  this  country,  and  is  likely  to-  continue  so  while  pressures 
reinaiu  at  20,000  volts;  indeed,  it  is  quite  reliable  up  to 
(36,000  volts.  The  suspension  type  of  insulator  is  more  suit- 
able for  really  high  pressures  such  as  100,000  volts,  and  is 
(hen  the  only  pra('ti('alile  way  of  insulating  the  conductors. 
We  have  seen  already  that  the  working  voltage  has  scarcely 
auy  influence  on  the  first  cost  of  a  line,  and  the  author  would 
like  to  put  forward  the  suggestion  that  in  view  of  the  rapidly 
increasing  loads  in  industrial  districts  all  maiu  lines  should 
be  designed  so  that  they  may  ultimately  be  worked  at  a  higher 
pressu re  than  that  at  which  they  are  first  operated.  For  in- 
stance, 6,000-  and  1 1，00()— volt  lines  might  be  designed  for  a 
pressure  of  20,000  volts,  and  20,000-volt  lines  for  40,000  or 
50,000  volts.  There  can  be  no  doubt  that  the  time  is  approach- 
ing wheu  tliere  must  be  a  further  raising  of  working  pres- 
sures on  main  alternating-current  high-tension  circuits,  simi- 
lar to  the  big  change  which  was  made  in  passing  from  11,000 
to  20,000  volts  on  underground  cables  eight  years  ago.  Tlie 
only  commercially  possible  alternative  would  appear  to  be  the 
Tlniry  high-tension  continuous-current  system. 

Whether  insulators  are  made  in  two  parts  or  not  it  is  of 
the  utmost  importance  to  insist  on  the  parts  being  put  to- 
gether in  such  a  way  that  no  air  cavity  can  exist.  In  two- 
part  insulators  this  can  readily  be  done  by  putting  in  the 
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fiiling  cement  rather  liquid  and  very  slowly.  The  cement 
ii, ii  1  also  be  guaranteed  to  be  such  that  it  will  not  swell  or 
deteriorate  on  prolonged  exposure  to  damp  air.  The 
colour  of  the  insulators  is  of  importance.  White  in- 
sulators have  the  advantage  of  more  readily  disclosing  where 
a  breakdown  has  occurred.  On  lines  comprising  two  or  more 
circuits  it  is  sometimes  advantageous  to  use  insulators  of  dif- 
ferent colour  for  each  circuit  in  order  to  prevent  mistakes 
and  danger  to  linesmen.  All  insulators  should  be  made  of 
the  highest  grade  porcelain  which  has  been  vitrified  through- 
out and  is  absolutely  non-absorbent  of  moisture  and  free 
h  "m  flaws,  cracks  or  foreign  matter.  The  colouring  of  insu- 
lators is  given  by  the  glaze,  whidi  must  cover  the  entire  sur- 
t'Ht-e,  except  the  area  where  joints  are  made,  and  must  be 
free  from  crazing,  bubbles,  cracks,  &c.  On  completion,  in- 
"l;iturs  should  be  tested  both  electrically  and  mechanically. 

It  is  important  that  all  insulator  pins  should  be  galvanised 
■'hkI  should  be  stiff  enough  to  withstand  every  normal  strain. 
They  may  be  fastened  to  the  insulator  by  a  cement  which  will 
uot  swell  on  prolonged  exposure  to  damp  air  ur  by  packing 
Hit)  free  ypac©  with  hemp  or  twine  soaked  in  linseed  oil  in  sucli 
a  ay  to  ensure  that  the   insulator  canuot  work  loose. 

Both  methods  have  their  advocates.  The  fonner  is  to  be  pre- 
ferred where  skilled  labour  is  not  readily  obtainable.  The 
latter  method  requires  considerable  skill  to  ensure  satisfactory 
、vcn,k，  but,  when  properly  done,  the  author  prefers  it  because 
of  the  cushioning  effect  which  is  obtained. 

AV"' 〃― /  ArnuifJrt};ruts.—0\\  all  the  best  work  ； i  cou- 
"嶋 us  earth-wire,  varying  in  size  according  to  the  conditions, 
" run  frani  end  to  end  of  the  line  either  above  or  below  the 


power  wires,  and  all  metal  work  on  the  poles,  including  a 
lightning  spike,  is  isul^stantially  coniiected  to  it.  The  earth - 
wire  itself  should  be  connected  to  an  earth-plate  at  every  fifth 
[>ole  by  means  of  a  coud  uctor  (of  ample  section  for  carrying 
the  possible  leakage  current.)  which  is  ])rotect-ecl  from  mechani- 
cal damage  above  ground  by  a  creosoted  wood  strip  or  other 
means,  and  below  ground  from  corrosion  by  being  buried  in 
j)i"'h  or  being  painted  witk  a  high-class  paint  such  as  I).  &  B. 
The  connection  to  the  earth-plate  must  be  well  made  to 
secure  permanent  results.  On©  way  which  the  author  pre- 
fers is  to  have  two  bosses  cast  on  the  earth-plate  with  8in. 
centres  and  to  drift  into  these  the  terminals  of  a  standard 
copper  tramway  bond  to  wliich  is  bound  and  soldered  the 
conductor  from  above.  These  connections  should  be  liberally 
painted  as  before.  Tlie  earth-plate  itself  .should  be  18in. 
^([iiare  and  of  cast  iron  not  less  than  iin.  thick,  aud  should 
be  buried  in  small  coke.  Experiments  have  shown  that  this 
is  the  most  efficient  size  of  plate  to  use.  Earth-plates  】nay 
consist  of  a  number  of  stakes  driven  into  the  ground  and 
cross-connected,  or  of  a  9ft.  cast-iron  pipe  buried  in  coke 
after  cleaning  off  the  Angus  Smith  solution.  The  author 
wishes  to  lay  special  stress  on  the  necessity  of  great  care 
being  taken  with  the  installation  of  the  earthing  system  and 
its  subsequent  maintenance,  as  human  life  may  be  dependent 
on  it  for  safety. 

Protect'um  A<j(dnst  At niospheric  Disturbances^ —— When  the 
continuous  earth-wire  is  run  above  the  power  wires  it  is 
usually  placed  there  with  the  intention  of  also  affording  some 
relief  from  atmospheric  disturbances,  but  not  from  direct 
lightning  strokes.  When  placed  above  the  power  lines  the 
earth-wire  should  undoubtedly  be  of  the  same  metal  as  the 
power  lines  and  not  of  galvanised  steel,  which  has  a  shorter 
life  than  copper  or  aluminium  and  will ,  on  breaking,  foul  tlie 
power  wires  and  interrupt  the  supply.  The  following  are 
the  most  important  methods  which  are  in  use  for  protection 
against  lightning  effects :  (1)  Air-core  choking  coils  consisting 
of  not  less  than  12  turns  of  line  wire  are  installed  in  series 
with  each  line  wire  to  hold  back  the  higli-frequency  oscilla- 
tions until  a  horn-type-  air-gap  arrester  placed  on  the  line  side 
of  the  coil  can  spark  over.  In  series  with  the  arrester  a  non- 
inductive  resistance  is  employed  to  limit  the  flow  of  current 
to  earth  to,  say,  10  amperes,  and  for  this  purpose  a  carbon- 
rod  resistance  may  be  employed.  The  author  does  not  place 
any  faitli  in  horn  arresters  erected  in  the  open  air,  specially 
in  industrial  districts,  as  the  air-gap  varies  in  length  due  to 
corrosion  and  deposits  of  coal  and  other  dust,  and,  therefore, 
requires  too  much  attention.  Also  it  has  been  shown  by 
various  investigators  that  the  pressure  in  the  line  cannot  be 
relieved  by  a  spark-gap  by  more  than  20  per  cent,  if  the 
series  resistance  is  designed  correctly  to  prevent  surging  at 
the  frequency  of  the  supply.  The  author  is  strongly  of 
opinion  that  any  form  of  arrester  which  involves  a  spark- 
gap  is  wrong  in  principle  because  of  the  high-frequency  oscil- 
latory disturbances  caused  by  a  spark  in  the  circuit.  Serious 
damage  to  ])lant  may  be  caused  by  these  disturbances  unless 
ii'eans  are  also  provided  to  limit  the  disturbances  to  the 
line  itself.  (2)  Electrolytic  altuniniuin  arresters  combined 
with  a,  horn  arrester  have  heen  used  on  a  small  scale,  but 
their  extensive  use  is  limited  by  the  fact  tliat  they  need  re- 
charging every  day  from  the  line,  ；， ml  this  cannot  be  done 
wit  hout  coiisidor;tl)Io  expense  from  lorked-up  static  sul)- 
stations.  (3)  Moscicki  condensers  are  coming  into  favour 
slowly,  possiblv  because  of  their  liigli  first  cost.  The  con- 
denser arrester  is  attractive  froni  the  fact  tliat  it  is  automatic 
in  artiou  ； ind  ；] ltle  in  d isr-liar^e  ra{)idly  hi^li-ii  otjuency  dis- 
turbances in  the  lii!r，  wliile  it  (>nly  needs  occasional  inspec- 
tion for  tlio  re|)]ac^;Men(  of  uny  1>1o\vii  fuses.  Tt  niav  be  well 
to  add  tliat  these  condensers  iiave  not  sufficient  rnpaciiv 
to  afford  any  improvement  in  the  power  factor  of  a  line.  (4) 
A t'ter  much  trouble  with  lioru  arresters,  Messrs.  Merz  and 
IMrLella"  have  discarded  arresters  on  all  lines  which  are  con- 
nected to  the  system  through  step-up  and  step-down  trans- 
furniers,  and  instead  they  deal  with  the  problem  in  a  novel 
way.  About  10  per  cent,  of  the  end  turns  on  the  line  side 
of  the  transformers  are  insulated  with  special  materials  to  a 
thickness  of  300  to  400  per  cent,  of  the  insulation  on  the  re- 
lnainiug  turns,  aud  what  is  required  is  uow  well  understood 
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by  iraiisformer  manufacturers.  Atmospheric  disturbances 
u;i  Ihe  line  arc  rHl("'""l  hack  by  t,li(、  vnd  turns  of  the  t.nms- 
fonners,  and  the  oscilhit-ions  are  daiiiptnl  owl  l»y  the  olimic 
resistance  of  the  line.  As  the  line  wires  are  erected  on  liigli- 
quality  insulators  it  will  be  seen  that  only  a  very  high  pres- 
sure on  tlie  line,  /'.,/.，  a  direct  lightning  stroke,  will  break 
down  the  insulation,  and  in  ])ract  ice  it,  is  found  that,  tli(、  out- 
door insulators  are  j)unctured  and  station  apparatus  is 
unaffected.  The  arrangement  adopted  is  effective  and  cheap 
and  is  easily  worked  in  with  the  general  design. 

Tchp/io/f c  and  /'Hot  ('ire/tits. ― Many  lines  are  provided  with 
private  telephone  circuits  and  with  (,ir('iiit,s  for  the  operation 
of  the  well-known  Merz- Price  protective  gear.  These  circuits 
may  be  combined  in  one  paper-i"sul;i"、(l  cable  protected  by  a 
lead  sheath,  to  which  is  added  antitnony  or  not  less  than 
2i  per  cent,  of  tin  for  the  ]>ur]>()sc  of  hardening  the  shoatli. 
Where  two  or  more  telephone  circuits  are  required  the  cal)lc 
may  be  of  the  multiple-twin  type  arranged  to  allow  of  super- 
imposed working.  In  any  case,  for  mechanical  reasons,  the 
insulation  on  the  telephone  conductors  should  be  of  the  dry, 
solid  typ?:  as  its  capacity,  while  being  higher  than  that  oi 
the  air-spaced  type  is  not  important  on  lines  up  to  40  miles 
long.  The  suspension  of  the  sheathed  cable  is  usually  done 
from  the  steel-stranded  continuous  earth-wire  when  it  is  run 
below  the  power  wires.  In  this  case  the  steel  strand  should 
be  of  40-ton  quality,  and  the  sag  given  to  it  and  the  sus- 
pended cable  should  be  such  that,  on  completion,  the  com- 
bination runs  parallel  to  the  line  wires  if  possible.  There 
have  been  several  failures  of  plain  lead-sheathed  cables  due 
to  the  omission  of  the  tin  in  the  sheatli  and  to  improper  sus- 
pension. The  difficulties  have  been  very  thoroughly  investi- 
gated with  the  result  that  an  entirely  satisfactory  solution 
of  the  difficulty  has  been  found  and  patented  by  Mr.  C.  E. 
Elder.  Briefly,  the  system  consists  of  very  short  clirome- 
leather  hangers,  which  support  the  cable  at  every  foot,  and 
which  are  prevented  from  having  longitudinal  movement  by 
galvanised  wire  clips  sprung  on  the  suspension  strand.  On 
level  routes  every  tenth  hanger  is  also  clamped  to  the  cable 
by  a  galvanised  flat  spring  clip,  but  on  steep  hills  every 
hanger  should  be  clamped. 

In  suspending  lead-covered  cables  on  spans  exceeding 
50  yards  measures  should  be  taken  to  secure  that  the  cable 
has  no  severe  bends  in  the  vertical  plane.  At  liorizontal 
bends  the  cable  must  be  carefully  led  round  the  curve  by  pull- 
offs  on  the  suspension  strand.  At  terminal  poles  provision 
must  also  be  made  to  carry  the  cable  round  an  easy  bend 
from  the  horizontal  to  the  vertical  plane  in  such  a  way  that 
no  movement  can  take  place  which  would  crystallise  the  lead 
sheath.  The  lead  sheath  should  be  definitely  bonded  at  every 
fifth  pole  to  the  supporting  earth-wire  in  order  to  carry  away 
any  charges  which  may  be  induced  in  it  by  the  power  wires. 
On  lines  which  are  not  protected  with  automatic  gear  which 
require  a  pilot  cable  for  its  operation  and  on  which  one 
metallic  telephone  circuit  only  is  required,  it  is  usual  to  run 
two  No.  14  S.W.G.  phosphor-bronze  or  hard-drawn  copper 
wires,  and  of  these  copper  is  to  be  preferred.  They  may  be 
rotated  so  as  to  make  one  complete  revolution  at  very  fifth 
pole,  and  in  this  case  it  is  also  advisable  to  transpose  the 
power  wires  twice  on  each  route  at  regular  intervals.  The 
rotating  arrangement  of  telephone  wires  is  very  unsynnnotri- 
cal  relative  to  the  line  wires,  but  it  gives  fair  results  in  prac- 
tice. The  author  prefers  the  simpler  plan  of  not  transposing 
the  power  wires  and  of  not  rotating  the  telephone  wires,  l)ut 
of  running  the  latter  j)arallel  to  one  another  and  transposing 
them  at  such  regular  intervals  as  may  be  required.  Fig.  3 
shows  a  simple  arrangement  for  efl'ecting  the  transposition. 
The  author  thinks  lliat  the  cheapness  of  bare  telephone-wire 
circuits  is  the  only  consideration  whicli  justi fics  them.  Tlie 
telephones  are  most  needed  at  times  of  breakdown  on  the  over- 
head line,  and  then  if  a  power  wire  is  broken  the  telepliouc 
wires  may  be  either  "  alive  "  or  burnt  tlirough  if  not  already 
broken  by  a  heavier  wire  falling  on  tlieni.  Failing  thoso, 
the  telephone  circuit  may  be  useless  through  a  broken  wire 
coiling  round  and  sliort-rircuiting  it,  or  vice-versa. 

Te/cp/io/tfs,-—\\T\\^\\  ba  re  telephone  wires  a  re  used  tin1  onlv 
instrumeuts  which  are  permissible  are  those  kuowu  aa  higli- 


tcusion  telephones,  vvliicli  are  specially  i"  ul""  'l  in  or<ler  to 
make  it  impossible  lor  the  山' 出" ii.-'、r  In  Lr«  <  lio'-k 山出 
to  tlie  coiiKiderabU;  voltage  which 卜 itidurcl  on  lli'-'-  "in'- 
under  normal  working  conditions,  or  to  contari  l"'tw  ii  t  li** 
telpphone  and  power  wires.  When  pf  -iiisiil; 山'' I 
sheatlied  cables  are  used  for  the  山 oi"'  rin-uit-,  I  lien  tin- 
much  cheaper  low-tensioti  telephones  of  any  ^ood  make  m;iv 
be  employed,  but  it  is  advisable  to  proterl  tl"'m  l>y  I"';"  coil  -, 
fuses,  and  spark-gaps.  It  is  found  that,  under  fault 
tions  on  the  line,  tlie  fault  current  partly  travels  Uin 川"' li  tli" 
lead  sheath  and  sometimes  induces  current  in  tlu*  '  ('•'■、  thf 
cables  of  sufficient  magnitude  to  give  severe  slm('k.、  if  the 
apparatus  is  not  thus  protected. 

Guarding  of  Conductors. ― With  the  education  of  tlie  pub- 
lic as  to  the  safety  of  overhead  wires,  the  rnetliods  of  ^uanliup 
lines  crossing  railways  and  roads  are  beconiin^  mucli  sim- 
plified, resulting  in  reduced  cost  of  construction  and  *']ioniioiis 
gain  iu  appearance.  One  important  20,000-volt  line  \、'lii('h 
crosses  a  few  roads  and  several  miles  of  mountain  moorland 
much  used  by  tourists,  has  been  equipped  througliout  with 
earthed  extension  pieces  of  galvanised  wrought  iron  under 
each  insulator.  The  metal  projects  for  12in.  on  each  side  of 
the  insulator,  and  the  curved  portion  is  nearly  serai-circular 
with  a  radius  of  8in.  The  triangular  guard  shown  in  Fi^.  4 
is  a  new  arrangement  which  is  due  to  Mx\  A.  P.  Trotter,  and 
has  been  used  on  the  Ham  line  of  the  Twickenham  and 
Teddington  Electric  Supply  Company  and  by  the  Fife  Power 
Company.  It  has  the  merits  of  simplicity,  low  cost,  and  ease 
of  erection,  and  is  likely  to  find  considerable  favour  in  future 
work. 

In  cases  where  important  G.P.O.  Hues  are  met  with,  the 
department  requires  that  bare  wires  working  at  a  prt'—m » 
of  3,000  volts  and  above  shall  not  cross  its  wires,  except  by 
special  arrangement,  thus  involving  serious  expense  in  ext ra 
terminal  poles  and  underground  high-tension  cables.  In 
some  cases  the  department's  requirements  have  been  met  by 
using  a  joint  pole  for  both  sets  of  wires.  For  pressures  below 
3,000  volts  the  high-tension  conductors  may  be  erected  above 
the  department's  wires  by  observing  certain  requirements,  of 
which  particulars  can  be  obtained  from  the  Engineer-in-Chief. 
In  the  case  of  parallel  telegraph  and  power  lines,  the  depart- 
ment requires  a  separating  distance  not  less  than  one  and 
one-half  times  the  height  of  the  highest  power  、vire  or  tele- 
graph wire,  whichever  is  greater.  With  the  great  attention 
now  given  to  the  details  of  line  construction,  aud  with  the 
equipment  of  lines  with  automatic  protective  apparatus,  it  is 
becoming  exceedingly  doubtful  whether  any  guarding  at  all 
is  justifiable  on  such  lines.  There  is  reason  to  believe  that 
the  line  wires  become  "  dead  "  within  ^  sec.  after  the  occur- 
rence of  a  fault  or  short-circuit  or  the  breakage  of  a  w i  re 
when  the  Merz-Hunter  split-conductor  system  is  employed. 
The  Merz-Price  system  will  cut  out  the  line  with  J,  sec.  when 
an  earth  fault  or  short-circuit  occurs,  but  it  will  not  deal 
with  the  case  of  the  opening  of  a  circuit  by  a  wire  breaking 
until  the  wire  becomes  earthed,  which  may  not  occur  until 
the  wire  has  reached  the  ground.  Considering  these  facts, 
it  would  seem  that  the  time  is  approaching  when  it  will  be 
justifiable  to  ask  for  the  Board  of  Trade's  consent  to  rim 
high-tension  lines  along  public  roads  where  the  conditions  are 
suitable,  and  so  save  the  enormous  amount  of  trouble  that  is 
involved  iu  obtaining  mmierous  private  \va v leaves. 

Ca  h  I  e  s  a /id  T  v  r  ininal  Hnx  c  、•  for  Out  do  o  r  I '  .、•  r,  ―  Wli  e  re 
overhead  lines  camiot  be  connected  directly  to  switcli  w;ir  <>r 
transformers  by  bare  conductors,  the  best  j)racti<  e  is  to  con- 
nect up  by  means  of  paper-insulated  lead-sheathed  rabies, 
built  when  possible  to  the  Engineering  Standards  C'oimnittee's 
Specification.  Tliese  cables  are  usually  ariiiuured  with  gal- 
vanised wire  for  inechanioal  protection  and  to  form  an  i  • 
tional  earthed  metallic  shield  rou nd  the  cable.  The  aniiou r- 
ing  should  be  protected  against  corrosion,  preferal)lv  l>v  com- 
pounded tapes.  Such  cables  are  also  used  for  hricl^in^  acr')" 
gaps  in  a  line.  Ex])erience  shows  tliat  even  at  L' 0,000  volts 
.S-phase  there  is  na  need  to  make  ]>rovision  for  protection 
against  li^litnin^  where  the  cable  and  tlio  line  mc"t，  a:ul, 
further,  that  cables  can  be  "  teed  ，，  off  an  overhead  line  uitli 
safety. 
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Sundry  Details. 一 (a)  To  prevent  the  climbing  of  poles, 
each  separate  pole  should  be  equipped  with  about  10  turns 
of  l  l»(1rhed  wire  about  8  feet  above  ground-level,  and  the 
wire  should  be  securely  stapled  to  it.  In  a  few  cases  chevatvx 
de  fris^  have  been  used,  (b)  Each  pole  should  have  a  zinc 
number  plate  (G.P.O.  pattern)  attached  to  it  by  zinc  nails  at 
a  height  of  5ft.  above  the  ground.  (<)  Danger  notices  must 
be  fixed  on  at  least  one  pole  in  five,  and  on  each  pole  at  a 
road  crossj ug.  (r/)  During  erection  some  engineers  prefer 
that  wiremen  shall  use  ladders  and  not  climbing  irons  for 
going  up  the  pole.  This  is  a  wi^e  precaution,  but  it  must  be 
used  with  discretion.  Usually  it  is  sufficient  to  use  ladders 
at  terminal  and  corner  poles.  In  very  hilly  country  the  use 
of  ladders  may  make  the  cost  of  erection  altogether  dispropor- 
tionate to  the  benefit  derived,  (e)  Some  engineers  stipulate 
that  the  tops  of  poles  are  to  be  coated  with  a  mixture  of  coal 
tar  and  creosote  before  the  pole  roof  is  fitted.  (/)  Where 
game  guards  are  required  to  give  warning  to  flying  birds,  it 
is  better  not  to  use  metal  guards,  as  their  swinging  has  been 
found  to  cause  cutting  of  the  line  wires.  It  is  equally  efficient 
to  split  and  fix  on  each  wire  in  a  span  two  corks  3in.  long 
and  14  in.  diam.  The  fixing  can  be  done  by  binding  the  two 
halves  of  the  cork  with  binding  wire.  (g)  Du ring  erection 
and  during  repair  work  line  wires  should  always  be 
'(earthed."  Where  this  precaution  has  been  neglected,  some 
bad  cases  of  shock  to  linesmen  have  been  experienced  due  to 
electrostatic  charges  on  the  wires.  (A)  On  completion  of 
erection  of  a  line,  it  is  advisable  to  subject  it  to  a  pressure- 
test  at  twice  the  working  pressure  for  half  an  hour,  or  else 
to  make  it  alive  at  working  pressure  for,  say,  two  days  before 
cominencing  the  supply  of  power. 

S(iunhtnhs<tti(m.~ ~ -Transmission  line  designs  have  passed 
through  several  stages ?  and  it  would  seem  that  lines  employ- 
ing wooden  poles  are  approacliing  finality  of  design  in  several 
'list v'wis.  In  their  reliability  of  operation,  good  mechanical 
const  ruction,  and  general  appearance,  they  will  clialletige  a 
favourable  comparison  with  any  other  lines  in  the  world. 
The  author  .suggests  that  the  Council  of  this  Institution  might 
now  usefully  consider  the  appointment  of  a  pennanent  Trans- 
inission  Lines  Committee  with  a  view  to  evolving  standard 
specifications  of  materials,  watching  and  reporting  on  im- 
portant modifications  of  the  regulations  and  practice  affect- 
ing overhead  lines  in  this  and  other  countries,  advising  the 
(1'"mril  on  representatians  to  be  made  to  the  Board  of  Trade, 
"Hkt  (Invci  iiiiicnl  l)e]»i) rtments,  tlie  Engineering  Standards 
C'omuiittee,  &c. 

Novel  Use  of  Locomotives  at  a  Power  Plant. ― Being  confronted 
wifli  tli,'  prohh'm  ("  leplaciug  an  '山 I,  inadequate  battery  of 
toilers  witli  a  new  one  oi  greater  capacity,  Messrs.  Schaum 
hikI  Uliliiiger,  Inc.,  of  Philadelphia,  Pa.,  according  to  u  The 
Railway  and  Engineering  Review/'  took  advantage  of  the  fact 
that  the  location  of  their  plant,  on  the  main  line  of  the 
Pennsylvania  Railroad,  made  feasible  the  storage  of  loco- 
motives on  a  long  freight  siding.  Two  American  type  loco- 
motives were  obtained  and  were  hauled  to  a  convenient  point 
on  the  siding.  Their  throttle  valves  weare  closed,  and  all 
connections  were  piped  from  their  auxiliary  domes  over  the 
lirelHjxes  to  the  main  steam  lines  in  the  plant.  Although  this 
jneans  of  steam  supply  co'uld  hardly  bo  considered  economical, 
it  ； ifl'orded  the  means  of  keeping  the  plant  in  operation  without 
any  interruption  during  the  installation»of  the  new  boilers. 

Institution  of  Petroleum  Technologists.— TJie  first  Council  of 
tliis  Institution  has  now  been  appointed  as  follows  ：  President, 
Sir  Boverton  Redwood,  Bart.,  D.Sc. ;  vice-president,  Right 
Hon.  Lord  Cowdray  of  Midhurst ，；  ordinary  members  of  Coun- 
cil, Mr.  A.  C.  Adams,  Sir  Robert  Balfour,  Bart.,  Dr.  George 
T.  Beilby,  F.R.S.,  Mr.  Edwin  R.  Blundstone,  B.A.  (Cantab.), 
Prof.  John  C adman,  D.Sc"  Mr.  John  T.  Cargill,  Major  A. 
( ，'屮 per-Key，  C.B.，  Mr.  E.  H.  Cunningham  Craig,  B.A.,  Mr. 
Arthur  W.  Eastlake,  M.Inst.M.E.,  Mr.  C.  Grwnway,  Sir 
Thomas  H.  Holland,  K.C.I. E.,  F.R.S.，  Prof.  Vivian  B. 
Lewes,  F.I.C.,  Mr.  T,  C.  Palmer,  Assoc. M.Inst.C.E.,  and  Mr. 
Robert  Redwood,  F.C.S.  Sir  Frank  Crisp,  Bart.,  has  been 
appointed  honorary  solicitor,  and  Sir  William  Plender, 
lionorary  treasurer.  The  applications  for  membership 
already  exceed  100.  Forms  of  application  for  membershij) 
ipay  be  obtained  from  the  secretaries,  17，  Gracechurch 
Street,  E.C. 


THE  STAFFORDSHIRE  WROUGHT-IRON  INDUSTRY. 

At  the  opening  meeting  of  the  South  Staffordshire  Iron  and 
Steel  Institute,  held  on  Saturday  last,  Mr.  Frank  E.  Nurse, 
in  his  presidential  address,  stated  that  during  the  past  20 
years  no  other  industry  had  participated  in  such  revolutionary 
practices  as  the  manufacture  of  iron  and  steel,  more  especially 
the  latter.  Sucli  ingenious  and  detailed  attention  had  been 
expended  in  probing  and  understanding  the  property  and 
intrinsic  value  of  the  component  parts  that  manufacture  was 
fast  becoming  a  science,  and  it  was  pretty  evident  that  the 
more  scientific  the  process  became  the  more  economical  would 
be  its  mode  of  procedure.  Much  had  been  done  with  a  view 
to  reducing  the  cost  of  production  and  minimising  overlapping 
charges  by  grouping  together  allied  interests  and  interme- 
diary processes,  but  to  such  an  extent  had  science  entered  into 
present-day  works  practice  that  what  were  but  a  compara- 
tively short  time  ago  considered  mere  residuals,  looked  upon 
as  worthless  and  often  causing  vexatious  week-end  troubles 
and  inconvenience,  were  now  converted  into  readily  market- 
al>le  products  of  high  cominercial  value.  They  were  sur- 
rounded by  tangible  evidences  of  having  entered  upon  a 
second  iron  age,  but  in  making  the  preparatory  investigations 
for  his  address  he  felt  forced  to  admit  that  it  would  be  more 
accurate  to  acknowledge  the  times  in  which  we  lived  as  being 
a  conspicuous  part  of  the  scientific  age.  It  was  evidence  that 
science  was  working  her  harvest  for  us,  and  while  he  was  in  no 
way  disposed  to  deprive  her  of  her  laurels,  so  justly  due,  he 
felt  there  was  ample  vindication  for  an  attempt  to  designate 
the  present  as  an  epoch  of  iron.  Steel  occupied  in  many 
de))artnients  an  invulnerable  position  by  virtue  of  its  adapta- 
bility to  be  manufactured  and  manipulated  in  very  large 
masses,  and  the  possession  of  a  congruous  quality,  wliicli  so 
a clinirably  met  the  severe  and  somewhat  excessive  reqiiin' 
meats  of  the  engineer,  and  they  might  be  quite  sure  that, 
steel  makers  would  see  to  it  tliat  that  position  was,  at  anyrate, 
maintained. 

But  there  was  an  increasing  sphere  for  the  iron  maker, 
especially  now  that  a  revival  in  the  demands  of  wrought  iron 
had  set  in.  The  principal  impetus  came  from  some  of  tlie 
largest  home  railway  companies,  who,  possessing  as  they  did 
unique  opportunities  for  placing  iron  and  steel  under  close 
observation  for  】ong  periods  and  in  diverse  conditions,  liad 
conclusively  proved  that,  wherever  the  size  and  section  would 
admit  of  its  inclusion,  wrought  iron  was  infinitely  to  be  ]>re 
ferred  to  steel  in  the  constructiun  of  the  under  frames  for 
^o(t(]s  traffic  wagons,  and,  in  fact,  any  part  of  the  rolling  M'"  k 
tliat.  might  be  subjected  to  corroding  influences.  The  rector; 卜 
tion  of  wrought  iron  to  favour  meant  much  for  Staffordshire. 
No  district  could  be  more  favourably  served  by  its  adjoining 
coalfields,  the  close  proximity  of  blastfurnaces  producing 
grades  of  pig  iron  so  admirably  suited  for  the  purpose,  and, 
above  all,  the  lifelong  experience  of  practical  men,  who  had 
the  special  advantage  of  having  been  reared  in  the  atmosphere 
of  tradition  and  environment  which  had  】nade  Stafford s] lire 
world-famous  so  】ong  ago.  It  was  to  be  hoped  that  local 
manufacturers  would  fight  tenaciously  to  popularise  the  use 
of  wrought  iron.  They  must  not  forget  tliat  good  steel  was 
always  to  be  preferred  to  indifferent  iron,  and  there  was 
nothing  that  would  do  so  much  to  quicken  the  demand  for 
wrought  iron  as  the  turning  out  of  a  thoroughly  reliable  and 
dependable  quality. 

A  matter  for  mutual  congratulation  was  the  prosperous 
period  which  employers  and  employed  alike  had  recently 
participated  in.  South  Staffordshire,  like  other  districts,  had 
witnessed  remarkable  fluctuations  in  the  iron,  steel,  and  coal 
trades,  and  while,  owing  to  the  vicissitudes  of  industry,  it  was 
obviously  impossible  to  maintain  anything  approaching  a 
state  of  equilibrium  between  supply  and  demand,  it  was  abun- 
dantly clear  that  employment  in  the  iron  trade  pursuits  had 
a  tendency  to  slacken,  and  that  the  inevitable  ebb  tide  was 
following  up  the  wave  of  boom  trade  conditions.  Trade  had 
been  subjected  to  the  severe  strain  of  a  long  series  of  contests 
witli  labour,  and  it  was  questionable  if  as  much  harm  had 
been  done  by  the  actual  outlmrsts  of  hostility  as  by  the  depres- 
sion of  confidence  influenced  by  rumours  and  reports.  The 
past  two  years  had  been  all  too  conspicuous  for  the  prevalence 
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of  unrest  in  tlie  labour  world,  and  inc*alculal)le  harm  \\m\ 
WofMi  done  to  Mio  homo  and  cornnien'ial  lite  of  t  his  couot  ry 
by  the  repeated  attempts  to  adjust  differences  by  means  of 
strikes.  Available  information  proved  tliat  ii  was  far  more 
heneficial  to  treat  with  the  employers  direct,  or  with  tli" 
authorised  conciliatory  or  arbitration  t)oa rds,  and  avoid  by  all 
available  means  those  excessive  hardsliips  wliicli  followed 
when  men  quitted  work  in  a  body. 

An  exceptional  hardship  peculiar  to  Staffordshire,  isolated 
as  ii,  was  in  the  centre  of  England,  which  was  more  acuicty 
realised  in  times  of  severe  competition,  was  the  disadvantage 
if,  was  placed  in  through  the  lack  of  enterprise  in  our  canal 
system,  which  remained  unaltered  frotn  the  time  of  its  con- 
ception, and,  Muce  its  controlling  interests  had  been  pur('lins,'<l 
witli  railway  capital,  competition  with  railway  rates  to  \\w 
seahoard  was  eliminated.  Tt  was  encouraging  to  imte  "i;"  a 
Royal  Commission  were  so  favourably  impressed  by  the  evi- 
dence put  he  lore  Miem  (It  at  tliey  had  recommended  that  defi- 
nite ； id. ton  should  he  taken  so  tar  as  the  English  rannls  were 
(^oiK'erned,  aiu!  it,  was  to  be  hoped  that  tlie  increasing  and 
influential  opinion  favourable  to  the  scheme  would  ensure  an 
early  movem-eni  in  tliis  direction.  Tt  was  surprising,  how 
ever,  what,  comparatively  little  interest  was  taken  in  maiters 
ol*  such  vital  and  national  importance  to  England's  trade 
development'  by  State  and  municipal  authorities. 

In  ronclusion,  lie  appealed  for  a  mow  active  in"M、'sl  in 
matters  wliicli  closely  concerned  everybody's  welfare.  The 
iron  and  steel  maker  should  take  a  more  practical  intorost,  in 
the  agriculturist's  problems,  wliirh  hani])^red  liim  as  (a  pro- 
ducer. The  encouragement  of  liome  production  created  t  lie 
best  of  <-i»stomers,  and  considerably  enhanced  our  general 
prosperity,  lie  could  not  speak  too  higlily  of  the  work  car 
ried  on  by  the  institute.  He  often  felt,  however,  that  it  did 
not  receive  that  warm  and  generous  support  of  employers, 
either  large  or  small,  which  it  deserved,  but  he  hoped  it  would 
increase  in  popularity  and  usefulness. 


INDUSTRIAL  AND  TRADE  NOTES. 

High-Speed  Steel  Competition.— The  Belgian  War  Office  is  organising 
a  high-speed  tool  steel  competition,  full  particulars  relating  to 
which  can  be  obtained  from  the  Fonderie  de  Canons,  80，  Quai 
Saint  Leonard,  Liege.  Entries  must  be  sent  in  not  later  than 
Fobruary  15th. 

German  Machine  Industry  in  1912.-  A  report  in  the  "  Frankfurter 

Zoitunp;  ，，  gives  the  results  of  the  machinery  industry  in  Germany 
in  1912.  The  report  covers  the  working  of  260  companies  (out 
of  tho  312  conipanies  in  the  industry),  with  a  total  nominal  capital 
of  fi7f)  million  marks.  Of  this  capital,  62  millions  were  paying 
no  dividend,  93  millions  were  paying  up  to  o  per  cent.,  mil- 
lions hetw  een  5  and  11  per  cent.,  101  millions  between  11  and  16 
p<M-  cent.,  -V2  millions  between  16  and  21  per  cent.,  6  millions 
ix-tw  (H-n  lM  a  lid  、2:、  j)t'r  cent.,  and  23  millions  over  *2~>  pt'r  cent. 
TIip  h^ui'es  for  last  year  show  an  improvenient  over  tin1  picccdino; 
two  or  tliivt'  vt'ars,  which  improvement  can  bo  s('("i  Ity  tlu* 
i ncrcased  ，i，imh(、r  of  companies  paying  a  dividend,  and  l>y  tli(、 
increast'  in  the  rosor\o  f muls  of  the  various  co 


Amalgamated  Society  of  Engineers  and  the  Termination  of  the  Agreement. 

― The  January  report  of  the  Amalgamated  Society  of 
Engineer's  contains  the  text  of  a  letter  sent  to  thv  Kiigiiit'cri iig 
Kinpl(),v*、rs'  Moderation  giving  three  months'  notice  as  from 
D(、（vmht、r  8th  last  to  end  the  terms  of  agrct'iiuMit,  1 907,  also  tlie 
protnium  l)onus  system .  I  n  tho  coiniiiunic;itioii  it  is  explaiiu'd 
that  the  iwnt  (h'lo^ato  nuH'tin^.  wliose  functions  art'  to  auu'inl 
and  niiike  rules,  laid  it  down  that  the  Executive  Council  iniist 
take  the  votes  of  the  members  for  or  against  tlie  coiitinuancc 
both  bargains.  These  votes  were  taken,  ； uul  an  ovrr、vlu、lining 
majority  of  votes  was  cast  for  ending  tlioni.  "  In  consonance  with 
these  votes,"  the  letter  continues,  "  、v(、  l""vl>>'  give  tlir<、(、 
months'  notice  '  to  terminate  the  agreements. 

Lloyd's  Shipbuilding  Returns.- ~ The  shipbuilding  returns  for  1913  coin- 
piled  hy  Lloyd  s  Kc^istor  show  that,  excluding  warships,  th*M'c 
were  513  vessels  of  1 .9o(>,6(Ki  tons  gross  undor  construction  in  tlu* 
United  Kingdom  at  the  close  of  the  quarter  ended  Deoonil)or  :U.、t, 
1913.  Tlio  vosscls  inclndo  490  steamors  of  an  ;» w.cgat*1  gross 
tonnage  of  1  ,i).V_\81 4  tons  and  2S  sailing  ships  a^^n^atiii^;  ^,7\)'2 
tons  gross,  making  a  total  of  513  vessels  ("  IX"""  tons  gross. 
Compared  with  the  tonnage  inider  construction  at  the  t、iid 
DfM-rmhor,  1912,  tliese  figures  represent  a  decreaso  of  l.'i. tons. 
Tht、y  further  show  a  decrease  of  30,648  tons  under  tho  &'m、s  at 


tli<»  (»n<l  of  山' ml"'i'，  1  lil  'i.  ("  t  In*  -'1:1  vt  ssrls  u nrlor  crmst i  iu  l  i<ni 
12  aiv  fM'twccri  10,000  tons  and  12,000  tons,  I  I  VJJKMI 
tons  and  l,r>, 咖 tons,  f,  l"'U'<、<'ii   I.V'(,(,  and  liO.OOO  lon>.  I 

fictwocn  20,00(1  tons  ntu\  :i(),0( Ml  Urns,  I   U'U('<'ii  .H0,(KH)  Urns  an«) 
40,000  ions,  ； uul  2  over  tons.    Tlicn*  arc  H'2  Hritisli  \\;n 

ships  im<l，'r  (  (Hist  nu  lion ,  H>  ol'  10*2,  K>0  trms  (lisplaf-cinf'iiL  ;it  tlio 
Koyal  dock  yards,  and  G"  ol  31!,.  I  71  tons  m  |,nv:i"'  yards.  lOhvi  it 
warsliips  ol         1 70  ions  a ro  Ihmm^  Iniilt  for  itwo'i^n  "w'rimi'"" 、 

Patents  and  Trade-marks.  —  M r.  A.  J  -  Loudon .  pi  '  、i'l'  n  t  ol  i  h.- 
夏）， in(»(lin  ('liiimhcr  ol'  Maimfactiircs,  in  his  ovidonn*'  lu'foro  Un> 
Dotiiinions  Uoyal  Coiiiinission  la  ken  "•  、'•'、、  Z^alaixi  l:i、t 
said  tliat  hody  desirod  that  consi<l(»ratioii  should  lie  giv'.n  to 
(|iH\stion  ol  patent  laws  and  tradr  id;i rks,  in  tho  flircntion  of  their 
simplification,  and  also  to  the  fcasiliility  of  estalilisliinu  ;i 
national   i>at(Mits  iradc marks  office,   wv<'ri"Mg  t lit*       l«*n t 

rights  <'in(l  tr;ulo-inarks  applied  for  or  g，':mt>''l  within  tlie 
i'iii]>ii'e.  1 1  could  hardly  ho  disputtMl  miifonnity  would  ：i 
giv:"  Immh'IU.  Tho  su^^ostcd  patents  ami  tra<Io  marks  off'"  '' 
should  Im  the  hoafl  fili  iik  <>Hirc  tor  t  lie  Idipir,',  ；>  II  ； ipi'liratioiis 
ior  lcli<M'S  pa  tout  l"'ing  made  to  it,  an(l  ,'x;imim'(l  and  ;i  ntffl  or 
rel  used  hy  it.  To  (，oi»s<"'vp  U"'  rovcmios  I  rom  patent  l«**«s,  a t 
present  i"'(Tii"ig  to  tlio  individual  St;"''s,  I  lit-  ,'mpir"  con M  I," 
dividotl  into  States  or  s<»ctions,  ； i nd  u  sliding  s(';il«*  ai'  tc<-s  pre 
scriln^l.  Snl) offices  would  I"*  csLa Mishcd  in  each  State  ior  fl«'f,''、ii 
pm'pws  only,  f  nstoad  of  having  20  or  .'50  different  ]>al<-i»ts  to 
l<rep  in  force  in  all  the  :;'»  ',r  s"  Stutcs,  tlio  patentee  would  i', 
look  after  only  the  one  patent  registered  in  the  office  in  London.  The 
n^istrii lion  of  trado-muiks  w  itliin  i'in|"iv  wrmKI  Ik*  fa rried 
on  in  a  similar  way  to  tlio  ^rant  oi  p;il<Mits,  l,v  a  contnil  offi<»*  in 
I  joikIoii  a  nd  su  I)  ofti(M's  in  Stale. 

Proposed  Russian  Hydro-electric  Scheme. ― II M.  Consul  al  H^lnin^fors 
ivports  that  it  is  stated  in  t\w  local  pross  that  tho  committoo 
appoinitnl  by  tlu*  Senate  to  invt-sl  i^atc  tho  u  atcr  |»ouor  of  Vnok- 
son  t'ormiilatcd  a  schomo  undor  w  lii<  li  i)0.(H)()  li.p.  coul<]  l»o  olitainod 
from  the  Imatra  Falls,  at  a  cost  oi  al>out  tHK0,(H  10.  Uctoro  tlio 
oomniittoo  could  issue  a  memoraiuluni  on  tho  sul> jeet,  ho\vovt*r. 
a  Franco-Russian  company  applied  to  the  Finnish  Senat<k  for  per- 
mission to  survey  the  territory  along  a  lino  drawn  from  any  pa  it 
of  Lake  Saima  to  the  Kuurmanjoki  river,  with  a  view  to  con- 
structing a  channel  along  this  line,  and  concentrating  all  the 
rapids  in  the  Upper  Vuoksen  into  one  place.  The  Senate  directed 
the  above-mentioned  committee  to  carry  out  the  requisite  survey. 
The  result  is  not  kno、vn，  but  it  is  reported  that  the  channel  would 
be  18-20  kilometres  in  length,  and  take  a  courso  almost  straight 
down  from  the  village  of  Karsturanta,  at  Lake  Saima,  to  the 
village  of  Kuurmanpolija,  、、l""v  it  would  join  the  river  Kuurma. 
The  principal  power  station  would  b。  lm i  It  at  l\  uuriiiaiipolij;i. 
where  the  channel  makes  a  fall  of  noariy  200ft.  The  w  at^rtall  at 
Kiuirinanpohja  w ould  afford  3(1(1,0(10  h.p.,  and  u oul<l  to  a  very 
great  extent  provide  electiio  power  for  St.  P(、t('rsh，irg,  Vibor^. 
and  the  Finnish  State  l^aihvays.  It  is  estimated  that  the  pou ♦*!■ 
station  and  the  channel  will  cost  about  £'4,000,000.  It  is  nut 
known  whether  the  Government  lias  decided  to  carry  ont  its  own 
project,  or  if  it  will  hand  over  the  whole  property  to  the  Franco- 
Russian  company. 

Electricity  Supply  Statistics  for  Germany. ― Some  interesting  「1^111,'、 
relating  to  the  electricity  supply  liusiuess  in  (""nianv  are  given 
in  last  week's  issue  of  "  Tin*  KWti'ical  R,>vit'、v.，'  The  figures 
have  been  collected  by  the  Verba n(l  Deutscher  Elek trotech  11  i ker . 
and  publislied  in  alternato  wars,  those  for  tho  two  years  ended 
with  April  1st,  1913,  having  just  been  issued  by  the  fill"  of  Julius 
Springer,  of  Berlin.  The  ini'onnatioii  does  not  apply  to  power 
stations  wliifli  sololy  serve  the  purpose  of  furnishing  electrical 
energy  for  the  operation  of  railw  ays  and  trannvays,  or  to  station^ 
which  supply  to  IdocUs  oi'  lniildin^s  or  to  individual  installations 
(factory  or  ironworks'  stations),  unless  they  also  deliver  energy 
for  sale  to  the  pul)lic.  With  those  reservations,  the  statistics 
deal  with  all  tho  stations  throughout  the  country  w  h\c\\  are  con 
cerned  with  moetinp;  the  public  re(iuireinents  in  repaid  to  lighti";r. 
cooking  and  lieatin*;,  and  power  purposes.  The  increase  in  the 
niimbor  of  piil'lic  stations  in  recent  years  lias  heon  surprisingly 
hi r^o,  although  many  of  thorn  are  of  comparatively  small  capa- 
city. For  instance,  011  April  1st.  1911，  tho  numhor  had  advanced 
to  2,">2G,  and  011  April  1st.  1913,  it  had  turtluM*  risen  to  4,040,  so 
that  the  stations  have  111  oro  than  donhlod  in  a  period  of  four 
yoars.  Tho  figures  also  roprcsnit  an  average  of  nearly  lo  new 
stations  per  week  in  tho  past  two  v<»a rs,  or  aftout  two  11  en  works 
opened  daily.  Tho  capacity  of  all  works  combined  in  1911  and 
1913  was  1,466,418  Uw.  and  '2,0"."S,""(i  k\v.  and  th*»  average  capa- 
city por  station  580  k\v.  and  ol9  k\v.  respectively.  The  reduction 
in  tlio  nvoratjco  capacity  of  the  stations,  which  had  always  in 
croasod  in  foriiUM*  years,  is  attributed  to  the  large  expansion  in 
the  number  of  now  stations,  which  nearly  always  commence  on  a 
small  scale.  Works  capable  of  dealing  with  5,000  kw.  and  ov^r 
numbered  53  in  1911,  of  a  total  of  816,746  kw.,  and  in  1913  to  10:!. 
of  a  total  of  l.o60.7o*2  kw.    'J' ho  principal  position  is  00011  pi^d  l»y 
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tho  H;M-lin  Electricity  Works  with  a  capacity  of  193,000  k、v.，  the 
second  place  is  held  by  the  Dusseldorf  Reisholz  Works  with 
)；.-,,()()()  1、、、  .，  and  iho  thini  hy  fclio  Upper  Silesian  Electricity  Works 
at  (； loiwitz.  The  capacity  of  the  connections,  as  represented  by 
lumps,  motors,  &c"  amounted  to  2,465,976  k\v.  in  1911，  of  which 
38  per  cent,  were  for  lighting  and  62  per  cent,  for  power,  and 
:; ：■_'：,, 7<ii)  k、、  ■  in  1913,  36  per  cent,  being  for  lighting  and  04  per 
cent,  'for  power.  The  number  of  localities  where  public  supply  is 
u,  ,>|„.r;. Hon  :vas  11,000  in  round  figures  in  1911，  and  17,500  m 
nm.  Allowing  a  sum  of  £60  as  the  average  capital  invested  per 
kilowatt  capacity  of  the  station,  and  as  the  total  capacity  of  all 
stations  was  2,100,000  k、v.  on  April  1st,  1913,  the  total  capital 
investment  works  。ut  on  this  basis  at  £126,000,000,  excluding  the 
installations  on  consumers'  premises. 


NEW  PATENTS. 


Specifications  of  the  following  are  now  publish 吟 and  we  s/iaH 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd  Address 
- Mechanical  Engineer,"  53s  New  Bailey  Street,  Manchester. 

MECHANICAL,  1912. 


M'  tlmd  for  obtaining  the  charge  unmixed  witl 


combustion  pro- 
ducts in  internal  combustion  eniinies.    Kylliaiiien.  2^59. 
Power-operated  portable  hammers.    Electric  Hammers,  Ltd"  and 
Scott.    24090.  ^ 
Process  for  rendering  non-chictile  metals  ductile.    Trenzen  26800. 
Apparatns  for  governing,  controlling,   rov<Msing,  and  stopp..^ 
niternal-combustion     engines.      Hammersley,    and     \N-  n. 
Dorman  &  Co.  26941. 
Two  stroke-cycle  explosion  motors.    Colmant.  292o8. 
Oil-o-as  producers.    】iates.   29275.  • 
Vaporisers    and     explosion     chambers    of  niternal-combustion 

engines.    Crossley  &  Webb.  29337. 
Steam-heating   systems   for    railway  trains. 

Lighting  Company,  and  Sawyer.    k2948- . 
Rubricating  apparatus  for  internal-combustion  on;. 

and  Newey.  ^)'A9.  、 
Koi'Hiig  water  into  boilers.    Gordon.  29G18. 

Actuatino;  the  valves  of   internal-combustion    on.-;inos.  Jacksoi 
29659. 

Hrakes  for  railway  vehicles.    Ayers.  29688. 

Air-brake  meclianism.   Farrell,  and  Cluis.  Macintosh      Co.  二 山"' 
I nternal-combustion  engines.    Sands  &  Sands.  29800. 
'I'lirust  hearings.    Parsons.  29810. 
Internal-combustion  engines.    Vanderlip.  30081. 

1913. 

Thomj>snn. "- 


Pintsch's  Patent 
j;inoa.  Nowoy 


hitoi-nal-comlnistion  ono;inos. 


ustion  on^nu'S. 


Carter. 


Chsniiiio;  metallic  surfaces. 
Calliper  gauges.   Bell.  198. 
Valves  and  valve  arrangements  for 

James.  341. 
Steel  roller  chain.    Campbell.  441. 
Fuel  admission  valves  for  in 
499. 

Winding  and  haulage  drums.    Davenport.  1355. 
Distilling  feed-water  for  boilers.    Soc.  d' Exploitation  de  Proeedes 
Evaporatoires  vSysteme  Prache  et  Bouillon.    1583.  • 
Clutches.    Lianosoff.  2293. 

Power-transmission  for  self-propelled    vehicles.      Horsley,  and 

Daimler  Company.  2478. 
Thermal  treatment  of  steel  ingots  and  castings.    Marks.  2484. 
Pipe  couplings.   Escreet.  2678. 
Pumps.    Franklin.  3542. 

Hydraulic  power  transformers.    Heincll.  3692. 
Two-speed  chain  safety  lifting  blocks.     Sturrook   &   Hp^osph  . 
3726. 

Flexible  couplings.    Homersham  &  Berk,  4080. 
Hammers  actuated  by  air  or  fluid.    Lang.  5493. 
Shaft  couplings.    Withers.  6195. 
Vices.    Swinden  &  Swinden  &  Co.  7065. 
Hydro-carbon  engines.   Roberts.  8400. 

VaWe  meclianism    for   internal-combustion   engines.  Reinbard. 
. 8604. 

Engine  lubricators.    MeKenna.  8683. 

Apparatus  for  transmission  of  power.    Hautier.  8846. 

Wrenches.    Huber.  9279. 

Facing  tool  for  boiler  manholes.    Cur  ran.  10241. 
Check-feed  valve  for  marine  boilers.    Green.    1051 1. 
Driving-mechanism  for  automobiles.   Fleury  &  Morin.  13190. 
】nstniments  for  making  calculations  in  regard  to  toothed  gearing 

and  other  problems.    Young.  16237. 
Adj  u stable  reamers.    Fox.  16882. 

Steam  or  gas  turbines.     Vulcan-Werke    Hamburg   uiul  Stettin 
Akt.-Ges.  17019. 


Preventing    and    removing    incriistations    from    steam  boilers. 

Oliveras.  17288. 
Combined  pressure-rodiiciiiK  valve  and  throttle  valve.  Bonsfiekl. 

18730. 

Piston-rings  or  packing  for  explosion  engines.  Descourlis.  V.)t07 . 
Flap  valves  for  pumps  and  (  ("npr('ss(>rs.    Akt.  (Jos.  15i  ou  n .  liovori, 

et  Cie.  20641. 
Turbines.    Jones  |  Patchel.  21839. 

Safety  valves  for  steam  boilers.  David  An  1<1  &  Sons,  Ltd.,  An  Id, 
and  Graham.  22195. 

ELECTRICAL  1912. 

Wireless  telegraph  systems     Shophard  &  McKechnie.  21743. 

Regulation  of  rotary  converters.  British  Tliomson-Houston  Com- 
pany, and  Whitaker.  26899. 

Method  of  reprodnointj;  electric  variations.    Arnold.  29384. 

Electric  accumulators.  Heap,  and  Chloride  Electrical  Storage 
Company.  29456. 

Means  and  method  of  operating  liquid  electric  controllers  and 
starters.    Baerlocher  &  Allen  West  &  Co.  29401. 

Dynamos.    Soc.  Syfeteme  de  Traction  Auto-Rogulatenr.  29,522. 

Electric  igniters.    May.  29613. 

Electric  ignition  generators.    Lawrence.  29620. 

Impulse-sending  mechanisms.    Western  Electric  Company.  29719. 

Electric  cooking  and  lieating  appliances.  】《ailing  &  (Jariard. 
29763. 

Electric  couplings.    Lucas  S:  Edwards.  1M，8U". 
Detaclialil.'  electric  iinniei-.sion  heatoi'.     Idr.  20870. 


1913. 

electric  lamps. 


He 


(X>:m  and 


Substitution  resistances  for 
10018. 

Amortisseur  windings  tor  syiiclironoiis  dynamos.  British  Thomson- 
Houston  Company,  and  Whitaker.  9(i8.">. 
Klt'ctric  switclies.     Fa^rln nd.  13(i."34. 
Klectric  liglitiiig  indicator.    H  utton.  13G60. 

("'are(l   alteniatin^; cmrtMit  electric  motors.  Siemens-Schiu-kort- 
werk^  (； os.    241 2ti. 


METAL  QUOTATIONS. 

TUESDAY,  JANUARY  13th. 

Ala  minium  ingot    90/-  per  cwt. 

,,         wire,  according  to  sizes,  &c  from  117/-  " 

，,        sheets        "  "   ，，  】 12/ -  ，， 

Antimony   £28  /-/-  to  £30/-/-  per  ton. 

Brass,  rolled   7|d.  per  ll>. 

，,    tubes  (brazed)    9^d.  " 

，，       "     (solid  drawn)   H^d.  " 

"       ，，      wire    7fd.  ,, 

Copper,  Standard   £02/17/0  per  ton. 

Iron,  Cleveland   50/6  ,， 

，, Scotch   56/6  ，， 

Lead,  English   £19/15/-  ,, 

,, Foreign  (soft)    £19/12/0  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，,  ,，  „       medium   3/6  to  G/-  ,, 

，，  ，，  ，,       large   7/0  to  11/- ，， 

Quicksilver   £7/10/-  per  bottle. 

Silver   26Jd.  per  oz. 

Spelter    £21/11/3  per  ton. 

Tin,  block   £168/-/-  ,， 

Tin  plates   12/9  ，， 

Zinc  sheets  (Silesian)    £25/-/-  " 

,,  {Stettin  ；  Vieille  Montagne)   £25/2/G  ,， 


The  Production  of  Small  Castings. ― A  lecture  on  "  The  Com- 
parative Metallurgical  Considerations  involved  in  the  Pro- 
duction of  Small  Castings was  delivered  by  Mr.  W.  H. 
Hatfield,  D.Met.,  of  Sheffield,  at  a  recent  meeting  of  the 
Coventry  Engineering  Society.  Mr.  Hatfield  dealt  with  the 
commercial  alloys  of  iron  and  carbon,  and  generally  discussed 
the  whole  range  of  the  iron  and  iron-carbide  equilibrium 
diagram.  After  illustrating  the  micro-structure  of  various 
pig  irons,  he  discussed  tlio  influence  of  varying  micro-structure 
upon  tlie  physical  and  mechanical  properties  of  iron  castings 
in  both  the  cast  and  annealed  conditions.  He  then  proceeded 
to  discuss  malleable  castings,  and  by  a  series  of  slides  indicated 
the  influence  of  variation  in  composition  both  upon  the 
method  of  production  and  final  product.  The  lecturer  also 
discussed  the  metallurgical  problem  of  producing  small  steel 
castings  which  is  now  receiving  attention. 
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FLEXIBLE 


METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,   Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  (2) 

ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 


HEAD  OFFICE: 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  EX. 
Works :  PONDERS   END,  MIDDLESEX. 


Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 


The  "  PERFECT"  VISE 


Dept 


NOW  READY. 

Fowler's  Mechanics  &  Machinists' 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 

The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  thousands  were  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 


Price  8d.  post  free. 

SCIENTIFIC   PUBLISHING  COMPANY, 

53,  NEW  BAILEY  STREET,  MANCHESTER 


Vol.  33，  No.  835. 

Edited  by 
IAM    H .  FOWLER, 

Wh.  Sc.,  M.Inst.C.E. 

Telegrams:  w Scientific,"  Manchester. 
Telephone  No.  6055  City. 

SUBSCRIPTION  RATES. 

I 了 iiik'd  Kingdom  :  J'J/ti  !"'r  ;iiiiiiiin.  post  fie. 

C:uia.(l;i:  14/6  per  aiii 睡 1,  post  free. 

Anywliore  Abroad  ： 一 

17/6*  per  annum,  post  free.    Tliiu  paper  edition 

*  ，  21/-*       "  ，，  Thick  " 

1  Romittancos  l.y  International  Money  Order  only. 

N°te;-pi<ect  annua  I  subscriptions   include  a  Free  Copy  "1 
J'<wlei's     Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  I".  m."l,.  ！, nval,l,  to  th..  >,.„.ntifi.' 
l  ubhshmg  Company,  and  forwarded  to  our  Manchester  Office, 
oA,  New  Bailey  Street. 

Advertisements,  displayed,  for  i.i.srrti,,,,  i„  current  issue  should 
roach.  our  Manchester  office  not  later  than  first  post  Tuesday 
mo?^^  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 

The  Development  of  Steamships. 

The  relative  influence  exerted  by  various  factors,  such  as  size, 
speed,  cost  of  construction,  harbour  facilities,  and  alternative 
i'out.es  such  as  the  Suez  and  Panama  Canals,  ou  the  develop- 
ment of  steamships  liav©  often  been  separately  discussed,  but 
their  collective  effect  lias  not  liitherto  been  presented  as  it  has 
been  in  a  meraoranduin  prepared  by  Prof.  Sir  John  Biles  ami 
Lord  Pirrie  which  lias  been  issued  by  the  Doniiniuns  i;,,V;il 
Commission.  Tho  subject  is  one  of  supreme  engineering,  as 
well  as  commercial,  interest,  and  the  eminence  of  Prof.  Biles 
as  an  authority  on  all  matters  relating  to  ship  construction 
gives  special  importance  to  his  replies  to  the  various  questions 
submitted  to  him.  Referring  to  the  question  of  size  and  the 
extent  to  which  the  assumption  is  valid  that  a  given  volume 
of  cargo  and  passenger  traffic  can  be  carried  more  economically 
in  a  few  large  steamers  than  in  a  large  number  of  small 
steamers,  a  great  deal  depend,  v  n  circumstances,  and 
especially  the  relative  proportions  of  j> issengere  aud  cargo  ； 
but,  as  a  general  proposition,  it  may  be  said  that  if 
uu restricted  draught  is  available  the  large  vessel  will  carry 
lier  load  more  economically  than  the  small  vessel.  The  con- 
sideration of  cargo  freight  and  passenger  revenue  is  obviously 
complicated  and  not  amenable  to  a  precise  rule.  Prof.  Bil':s 
states  that  where  cargo  is  carried  in  passeuger  ships  over 
750ft.  in  length  the  cost  steadily  increases  until,  at  1,000ft.,  it 
becomes  40  per  cent,  more,  and  also  that  the  ideal  econoinic 
dimensions  for  a  mixed  cargo  and  passenger  ship  would  be 
those  coming  within  the  working  draught  of  the  harbour. 
For  instance,  if  this  were  40ft.,  the  dimensions  for  a  1  i-knots 
speed  would  be  about  700ft.  in  length  by  87ft.  in  breadth 
and  71-4ft.  in  depth.  If  the  dimensions  of  this  ship  were 
increased  without  increase  of  draught,  the  cost  per  ton  rapidly 
increases.  So  far  investigations  liave  only  been  carried  out 
at  two  speeds— 12  and  14  knots.  The  12-kuot  vessel  has  a 
most  economical  length  of  about  750ft.  In  the  14-kuot 
vessel  the  economic  length  is  700ft.  if  there  is  uo  revenue 
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1  roni  passengers,  but  if  sliv  carries  her  full  complement  of 
passengers  the  l，000ft.  ship  would  be  about  as  economical  as 
the  750ft.  vessel.  In  other  words,  in  the  14-knot  ship  the 
economic  length  may  be  as  low  as  750ft.  and  cannot  be  more 
tlnui  1 , 000ft.  At  17  knots  the  economic  length  for  car^u 
rarrviny,  when  there  is  no  passenger  revenue,  is  800ft. ，  but 
with  a  full  coinplement  of  passengers  the  1,000ft.  ship  might 
be  as  good,  and  thus  the1  most  economical  length  must 
lie  between  these  limits.  Speaking  generally,  it  may  be  said 
that  as  speeds  increase  the  economic  limit  increases  also,  and 
for  a  *」0- knot  speed  it  would  appear  that  the  vessel  should  be 
at  least  1,000ft.  in  l&ngth,  with  a  draught  of  57*6ft. 

Associated  with  tho  question  of  size  is  that  of  speed . 
Assuming,  for  example,  a  given  speed ,  in  wliat  ratio'  does 
inci*eased  size  provide  lower  cost  of  transport,  ur  alternatively, 
assuming  vessels  of  a  given  size,  in  what  ratio  does  increased 
speed  affect  cost  of  transport-  ？  Discussing  the'  first  and 
alluding  to  the  obvious  fact  that  there  is  a  certain  limit  to 
reduction  of  transport  cost  consequent  upon  increa&ed  size,  and 
further,  that  the  reduction  of  cost  tends  to  fall  off  at  the 
greatest  lengths,  he  expresses  the  opinion  that  on  account  of 
the  ratio  of  hull  weight  to  total  displacement  tending  to 
increase  as  size  increases  there  is  some  length  at  which  a 
ininimuni  cost  will  be  found,  though  this  length  has  not  yet 
been  readied.  To  detenninc  this  length  at  any  approach  to 
accuracy  is  a  complex  question  ami  involves  ihet  whole  subject 
of  sliip  construction,  since  llie  yranllinys  and  weights  are  based 
upon  certain  assunij)tiuns  as  tu  1  he  wave  length  the  ship  is 
likely  to  meet,  and  which,  though  justifiable  witliin  the  limits 
of  present  practice,  would  not  come  into  consideration  after 
a  certain  size  of  ship  was  reached.  This  conclusion  is  based 
on  tlie  fact  that  wave  lengths  will  not  increase  or  affect  the 
stresses  in  the  ship,  regarded  as  a,  beam  supported  on  wave 
crests  to  the  extent  they  do  in  ships  at  the  present  time.  The 
answer  to  the  second  question  is  different  for  different  sizes 
of  ships.  For  a  length  of  600ft.  the  cost  per  tou-iuile  at 
17  knots  is  63  per  cent,  more  than  at  14  knots,  and  at  20  knots 
is  practically  prohibitive.  For  a  length  of  700ft.  the  cost  at 
17  knots  is  32  per  cent,  mar©  than  at  14  knots,  and  for 
lengths  of  900ft.  to  1,000ft.  about  18  per  cent.  more.  Similar 
differences  are  observable  for  increases  of  speed  from  17  to 
"20  knots.  For  a  length  of  700ft.  the  cost  at  20  knots  is  more 
than  double  that  at  17.  For  800ft.  the  increase  of  cost  is 
about  50  per  cent.,  for  900ft.  30  per  oeait.,  and  for  1,000ft. 
17  per  cent. 

The  inlluence  which  the  Suez  and  Panama  Canals  a  re 
likely  to  exert  on  ship  development  is  not  easy  to  estimate, 
cypeciaLly  as  regards  the  】attei'，  on  account  of  the  variable 
factors  which  will  come  into  ])lay  and  the  difficulty  of  deter- 
mining their  inagiiitucle  in  advance.  A  consideration,  how- 
ever, of  figuresi  given  in  Sir  John  s  report  would  seem  to 
bhow  that  the  tendency  is  undoubtedly  towards  increase  in 
size.  The  percentage  of  the  total  formed  by  vessels  between 
2,000  and  3,000  tous  is  steadily  decreasing  ；  between  3,000 
aud  4,000  tons  the  percentage  increased  from  1903  to 丄 907， 
wlien  it  reached  a  maximum  and  has  siuce  steadily  declined  ； 
over  4,000  tons  the  percentage  has  steadily  increased  over 
the  whole  period  shown  in  the  table,  and  for  vessels  between 
5,000  and  7,000  tons  the  increase  is  more  rapid.  For  ships 
over  10,000  tons  the  increase  in  1910-11  was  2  per  cent,  and 
foi-  1913-14,  2*7  per  cent.    In  1912-13  there  were  17  ships 


between  15,000  and  20,000  ions,  while  in  1913-14  there  、v，'r'— ' 

29  ships  between  these  limits,  and  In  no  rase  has  tliere  Ijeen 
a  decrease  in  numbers  in  ships  over  】0，()00  Ions,  llie  tut^l 
increase  in  such  vessels  for  the  last  year  being  fr (川 i  1  77  to 
206.  Thai  insufficient  de]>th  of  harbours  is  exercising  a 
restricting  effect  is  shown  by  the  fact  that  the  "m(h'n，  large 
vessel  has  not  the  most  economic  ratio  of  draught  to  ljreadth 
and  length  which  freedom  of  design  would  accord,  ； uu!  until 
the  defect  of  distant  ports  is  remedied  little  aclvantagf  wiil 
be  gained  by  the  practicable  deepening  of  the  Suez  (、m;il.  It- 
may  be  that  the  draught  of  40ft.  which  will  be  availal)]^  in 
the  Panama  Canal  will  exercise  an  influence  on  certain 
routes  to  China  by  permitting  the  use  of  economic 
steamers  of  greater  length,  although  the  distance  would 
be  greater.  But  in  this,  as  in  comparisons  witli  Hie 
Suez  Canal  and  the  Capo  roul>e,  many  things  liave  tu  he 
considered.  The  time'  by  the  canal  is  less,  and  with  it 
Uie  coal  bill.  On  the  other  liand,  coal  can  he  obtained 
more  cheaply  on  the  Cape  route,  and  hence  the  gain  in  '"ic 
direction  may  be  easily  balanced  by  loss  in  aiiolhcr. 
Seeiug  that  for  most  economic  transport  a  vessel  of  at  least 
750ft.  in  length,  with  a  draught  of  43'2ft -，  is  required,  a 
draught  of  at  least  45ft.  of  harbour  should  be  provided,  and 
having  regard  to  the  further  economies  which  would  probably 
result  from  the  use  of  ships  1,000ft.  in  length,  with  a  draught 
of  57  6ft,  Sir  John  ventures  to  predict  that  witliin  20  or 

30  years  a  harbour  depth  of  60ft.  could  be  profitably  em- 
ployed. Such  terminal  requirements  must  obviously  exert 
an  economical  pressure  on  the  Suez  and  Panama  routes,  for 
there  are  alternatives  to  both.  This  ]n*cssure  Jias  led  tu  con- 
tinuous deepening  of  the  former,  though  if  this  were  con- 
tinued at  the  present  rate  it  would  take  in  any  years  before 
the  depth  reached  40ft.  If,  therefore,  Sir  John's  ju'edictiou 
is  fulfilled  at  the  Antipodes,  the  deepening  of  the  Suez  Canal 
will  require  to  be  accelerated  or  mucli  of  the  traffic  trans- 
ferred to  the  ocean  route.  Lord  Pirrie's  contribution  iv  the 
memoranda  consists  of  answers  to  questions  respecting  the 
maximum  draughts  of  ships  and  harbour  provision,  and  are 
in  the  main  confirniatory  of  those  arrived  at  hy  Sir  Jolui 
Biles.  In  considering  them  it  sliould,  of  course,  be  honiv 
in  niind  that  the  memorandum  under  notice  is  roiicerncd 
"lore  particularly  with  the  main  trade  routes  between  tins 
country  and  the  overseas  dominions,  and  though  the  vc-sels 
of  the  maximum  size  advocated  have  already  been  built,  their 
success  is  to  some  extent  tlie  product  of  traffic  conditions  on 
the  Atlantic  route,  where  the  flow  of  passengers  ami  goods 
is  large,  and  high  rates  are  willingly  paid  for  rapidity  and 
hixm 了  of  transport.  These  factors  do  not  exist  to  the  same 
extent  on  other  routes,  and  though  economy  results  from 
increase  in  size,  and  the  figures  of  the  past  show  the  tendency 
to  be  in  an  upward  direction,  the  curve  may  reach  a  Munniit 
before  the  dimensions  indicated  are  attained. 


Recovering  Oil  and  Waste  — According  to  tho.  "  KhM-iric. 
Railway  Journal/'  the  Denver  City  Tramway  (uDipanv  cleans 
the  oil  and  waste  used  in  the  car  journals  in  a  tank  oft.  6iu. 
long,  3ft.  6in.  wide,  and  17in.  high,  in  which  is  a  horizontal 
screen  on  which  the  picked  waste  rests.  Clean,  hot  oil  is 
poured  over  the  waste,  and  after  this  oil  has  dripped  a\v;,y 
the  waste  can  be  used  again  The  oil  used  for  washiiig  is 
filtered  and  used  again.  About  loOlbs.  of  journal  and 
armature  waste  are  worked  through  the  tank  every  week. 
No  new  waste  has  been  purchased  since  December,  ]9】'2， 
when  the  plant  was  first  used.  All  car  motors  are  oiled  every 
ten  days. 
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SUPERHEATERS  FOR  SURFACt-COMBUSTION  BOILERS. 

The  accoinpiuiying  illustral  ions  show  (liayrainiiiMl  ically  two 
arraiijjenienls  for  su}>erlieat  ing  tlie  steam  in  l)"il('rs  of  I  In- 
surl'ace-coinbustion  type  which  have  recently  been  patented 
by  Banecourt  Suri'aco  Combustion,  LAcl.,  I'ju-liann'iit 
Mansions,  Victoria  Street,  Westminster,  S.W.  In  Fig.  1  (mlv 
one  tube  and  paft  of  the  steam  generator  is  shown.  T\w 
arrangement  coin  prises  a  pair  of  concentrically  disposod  pipes 
A  H.  The  outer  pipe  A  is  clost'd  at.  its  inner  eiul,  the 
oiul  adjacent  the  refractory  material,  hy  a  va\)  ('  ("•  such 
iliickness  that  burning  out  will  not  quickly  occur.  Tlie  """'»■ 
end  oi'  Hie  pipe  A  is  connecled  wil  li  one  compart  iiicnl  I)  of  a. 
strain  lira 山1 r.  The  pipe  A  paws  llu'ougli  t  he  innor  wall  10 
of  the  1  leader,  and  its  outer  or  free  end  is  secured  in  ；'  Imte 
farmed  in  a  second  or  cenl-ral  wall  F  of  the  header.  The  outer 
or  i'reo  oiul  of  the  pipe,  and  t  lierefore  the  hale,  is  closed  hy  a 
plug  stopper  G,  the  plug  boin^  pi-ovidcd  wil  h  a  rcnl  in\  (jrifice 
llii-ou^li  which  t  Itc  inner  ]>ipe  passes.  Tli('  imipr  pipe  1> 
oxtouds  wilhin  the  pipe  A  for  nearly  Hie  i'ull  li'iigili,  and  its 
outer  ()r  free  end  is  in  connoclioii  with  ； 1  seroml  c(nni);irtmeiit 
II  of  llu'  steam  Ik"i(1(h'.  The  rompartments  ])  1 1  arc  not  in 
conununicalioii  tlie  one  with  the  other  except  througli  lli" 
pipes  A  B,  and  aro  in  comniunicjit  ion  I  lie  mir,  I),  wil  li  t \\v 
steani  space  of,  or  the'  slt';un  supply  i>");'  lr"m，  ilie  steam 


Fig .  2.— Akhaxuk.ments  of  8upekhe.vti;rs  run  Suiu  At 
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^'iirratot',  and  the  other,  11 ,  with  1 1 1 e  pipe  supplying  the 
engine.  The  pipe  A  is  in  coninnuiication  with  tlie  (*oin])art 
nienl  I)  tlirough  openings  J  funned  in  its  walls.  Steam  [>asscs 
from  the  steam  generator  to  the  coinpartineiit  D  and  from 
this  coniparl  nieiil  through  the  upenin^s  J  to  wit  liin  t  Ire  pip:' 
A  ；  the  steam  flows  along  the  pipe  A  to  its  inner  end  and 
enters  tlie  inner  end  of  the  pipe  B,  along  which  ])i])c  il  pas-rs 
to  the  couipartnienb  H，  and  so  to  1  he  eii^ino.  The  external 
(li;micter  of  the  pipe  A  is  such  that  a  space  is  i'orined  l)v  and 
hotwecu  its  outer  wall  and  the  ininT  wall  of  t lio  tube  N,  ；)  nd 
lliis  space  forms  a  passage  K  for  tlie  flow  of  hot  I'rmlucts  of 
coinhustioii .  Tlie  passage  K,  and  t lie  space  between  the  |)i|)es 
A  B,  ni;i v  he  |t;u'kc(I  with  rcfraclorv  material.  The  products 
of  coni1)\istion  that  escape  from  the  passage  K  enter  t ho  space 
L  and  llu'iicc  pass  to  the  flue  or  uptakt'.  I  n  1  lie  con^l  nn-t  ion  , 
slmwii  ill  Fig.  2,  a  U- shaped  pipe  M  is  contained  wit  hin  a 
lube  N  and  its  ends  are  connected  with  tlie  steam  supply  and 
take-oIT  means.  Here  it  will  he  seen  that  the  superheating  is 
done  li^ar  11"、  U  l)eii(i  aii(l  that  if  I  he  superlu'al  ini;-  1  nhes  a  re 
omhedd (k1  in  retrartorv  ni;it rrial   ( ho  ivmainin 乂  in  lli*、 

products  ； iftrr  ^upcrlu-iilin^  is  ('n'cH.t、（l  is  transniil  ted  tlirough 
Ilie  hitler  |)arl  of  the  tulu1  X  to  llu*  water  in  the  boilr r. 


The  Society  of  Engineers. ~  An  ordinary  nu'cliny  of  t  Ins 
society  will  be  lield  on  Monday,  February  !2n<l,  at  t  he  I  nstitu 
tion  of  Electrical  Engineers,  Victoria  Einbaiikmeiil ,  \V.('., 
when  Mr.  Arthur  Valon,  M.Tust.C.E.  (president  101；>),  will 
prosont  the  ]>reiniuni3  awarded  for  papiMs  |»i 山 lisli'"l  in  ( In- 
"'Imu'mil"  during  191:;，  aiul  Mr.  II.  C.  II  Slu-nlnn.  tUr 
president  for  1  (J  1 4 ,  will  delivn*  his  pri'siilt'iii ial  address. 


COMMERCIAL  TESTS  OF  INTERNAL-COMBUSTION  ENGIM  S.* 

BY  W.  A.  TOOK  I:  Y. 

Tiik    <*ircumst anccs    under    whidi    ^hh  aii<l  oil        'i m'.s  arc 
operated,  when   installed    in   l.icl orics,   usually   j)rc<:hi*l<*  an 
engineer  from  carrying  out  any  desired  tests  upon  the  ex;i'  i 
lines  which  have  been  surest  t'«l  l>y  <'')miiiiHiM's  o!'  cn^i ncci'i 
institutions  in  England,  (h'rmai'v,  ;iiid  Arrn*ric;i,  aiwl  wliirli 
have  been   i'onnulat  ed  wil  h  t  lie  ohjoct,  of  ofTe<  !in^  a  st  an- 
dardisatioii  oi*  results  hy  means  oi'  wliicli  pr('|"'r  roinjiarisons 
can  be  m  ado.    In  the  j;'l'<>r;,'')rif's       b'dmiral  colk'^cs  i  est  s 
can  be  coiiducled  arror(ii，ig  to  schedule,  and  oil  jnak ors' 
beds ― very  occasionally ― records  of  (Jesirable  observations  ； i n 
sometiines  heard  of  as  bcin^  Tiiorc  or  loss  ('，川1| 山 't<*  in  ron- 
nection  with  engines  of  novo!  <'liar;icteristics.     Hut   1  li*-  i-nw 
clitions  applying  in  the  case  of  industrial  works  In  wlii<  h  ^as 
or  oil  engines  have  been  installed  (nv  driving  the  marliincrv 
are  usually  not  such  as  will  allow   the  application   oi'  ； my 
form  of  dynainometor.    No  direct  measurements  can  Imi  t akcii 
of  the  quantity  of  heat    absorbed  l>y  the  cooling  wat n 
rejected  in  tlie  exhaust .    No  cliixvi.  nie;isureMieiii  n|'  I  ho  air 
admi( iv.d  into  the  cylinder  is  practicable.     I  n  \'nr\ ,  it  卜 niivly 
possible  to  do  more  than  to  measure  the  gas  consumed  or  to 
weigli  the  liquid  fuel,  and  to  indicate  the  engine  wit  li  due 
care.     From    these    two    operations  all   iiit'orrnal  ion  must 
necessarily  be  obtained. 

During  ilie  j>ast  few  years  the  author  luus  been  called  upon 
to  make  tests  of  over  700  gas  engines,  of  various  sizes  and 
types,  working  with  town  gas,  within  tho  London  ； "■(';'，  and 
the  present  paper  describes  the  method  adopted  by  him  to 
enable  reliable  comparisons  to  be  made  respectiiig  the  per- 
formances of  these  widely  differing  engines.  An  extensive 
series  of  tests  was  undertaken  on  behalf  of  the  Gas  Light  and 
Coke  Company,  and  also,  and  in  greater  numbers,  for  the 
South  Metropolitan  Gas  Company.  The  ohjccls  in  vi'  、、'  wtM'c 
to  note  the  perfonnanres  of  the  engines  in  their  condition 
" as  found/'  to  improve  such  perform ;uir('s  wlicn  it  \v;is 
possible  to  do  so  by  adjustments  of  mechanical  details,  ； m'l 
to  report  whethei-  still  further  improvements  could  be 
expected,  if  proper  attention  were  paid  to  necessary  repairs 
or  renewals  of  worn  parts.  The  two  Loiulon  gas  t"'mi、;in"'s 
concerned  realised  the  fact  that  many  of  the  thousands  of 
engines  used  by  their  consumers  were  expected  to  work  year 
in  and  year  out  with  the  very  miiiiinuiii  of  att-ention  beyond 
starting,  stopping,  and  lubricating,  and  therefore  it  was  to 
their  interests,  although  indirectly,  to  ensure  that  the  utmost 
work  could  he  obtained  from  the  least  volume  of  gas.  The 
whole  cost  of  the  survey  was  borne  by  Iheni,  and  that  the 
consumers  have  benefited  very  considerably  will  bo  evident 
from  the  following  slatcincnt  ： ― 

Up  to  October,  191:;，  1  lie  number  of  engines  inspect  cd 
and  reported  upon  was  763.  A  considerable  proportion  \v;'i'' 
found  to  be  well  looked  a  ft  e  r  and  maintained  in  such  good 
order  thai  very  little  improvement  was  possible.  On  the 
other  hand,  some  had  been  so  neglected  that  no  iTiqu-ovriiKMit 
could  be  effected  without  previous  overhauling,  more  or  less 
extensive.  Quite  a  nuniher  oi  old  typo,  slide-valve  engines 
are  still  doing  good  work  with  such  jnocler.'ite  gas  consiunptifu 
that,  for  the  amount  of  horse-power  hours  developed,  the 
savings  in  the  cost  of  gas  obtainable  by  utilising  modern  gas 
engines,  despite  tlie  greater  efficiency  of  (he  latter,  wouM  I"' 
insufficient  to  recoup  the  intcit^  1  on  capital  out  lay  involved 
in  their  replaceinent.  Examples  of  gas  engines  have  been 
met  with,  the  ineclianical  details  of  which  neressitatcd 
reference  to  early  editions  of  s1  audarcl  gas-engine  books, 
especially  in  the  case  of  two-cycle  engiues  with  clisplactM* 
cylinders,  six-cycle  double-acting  engines,  and  otliers  working 
upon  the  foxu-st roke  cycle,  but  with  coin[)liratc(l  valve  gear 
that  demandod  some  little  study  before  one  could  appi'e'  ia 卜 
tlieir  peculiarities. 

It.  was  found  to  be  possible  to  impi'，》vt、  tho  working  «»f 
GO  per  cent .  of  all  the  engiues  test  ed,  nierolv  l>v  "'1  ju^mei" 
to  gas  or  air  regulation  or  by  correction  of  ignition  timing 
and  valve-setting.  A  greater  proi>ortiou  could  have  been 
improved  had  new  parts  been  fitted  and  had  attention  been 
given  to  niatt(M"s  which  would  involve  stoppage  for  periods 
varying  from  a  few  hours  to  a  few  days.  In  all  cases  wliert' 
renewals  or  overhauling  appca ml  io  be  iniporaiivr,  reooni- 

*  Pai>oi-  rcjul  bot\»iv  the  Institution  of  M"l"mU:i、l  Dir.  iiucrs,  Jauuarv  16tb, 
101  i. 
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meudations  were  made  to  the  user  to  call  in  the  makers  or  a 
firm  of  expert  gas-engine  repairers  to  put  matters  right.  In 
some  instances  such  improvements  as  could  be  made  at  the 
time  increased  the  power  developed  per  impulse,  as  well  as 
reduced  the  consumption  of  gas  ；  in  others  either  the  output 
or  the  efficiency,  but  not  both,  was  increased.  The  average 
improvement  as  regards  increase  of  power  per  impulse  was 
27  per  cent.  For  example,  an  engine  found  to  be  giving  a 
mean  pressure  of,  say,  601bs.  per  square  inch  would  be  left 
giving  761bs.  with  the  same，  or  even  decreased,  gas  consump- 
tion, under  the  same  load  and  speed.  The  average  reduction 
in  gas  consumption  was  13  3  per  cent,  on  the  indicated  horse- 
power hour  basis. 

It  was  essential  that  all  tests  should  be  conducted  in  such 
a  manner  that  no  stoppage  of  the  work  of  the'  factory  in 
which  the  engine  was  fixed  was  involved,  and  further,  that 
the  adjustments  made  should  be  such  as  would  bring  about 
improvements  in  working,  not  so  much  under  "light"  or 
" maximum  "  loads,  but  that  which  accorded  with  the  average 
output  iii  daily  work.  Following  upon  a  preliminary  inspec、 
tiou,  at  which  was  noted  the  size,  type,  and  make  of  engine, 
arrangements  were  made  to  fit  up  the  indicating  gear  and  to 
check  over  the  valve- settings ~ which  gave  opportunities  for 
close  examination  of  all  mechanical  details ― during  the  mid- 
day meal  hour.  As  may  be  imagined,  sometimes  considerable 
difficulty  was  experienced  in  noting  all  the  necessary  observa- 
tions, as  well  as  in  fitting  up  the  reducing  gear,  within  the 
space  of  one  hour.  While  the  indicator  gear  was  being  fixed 
and  the  valve-settings  were  being  checked,  the  opportunity 
was  taken  of  noting  whether  the  gas-meter  index  remained 
stationary  while  the  gas-bag  was  kept  fully  distended  and 
with  the  ignition-tube  burner  turned  "  off."  Any  variation 
noted  in  the  interval  gave  the  rate  of  leakage,  if  any,  in  the 
supply  pipes. 

After  the  indicator  gear  had  been  properly  fitted  and  the 
valve-settings  taken,  the  engine  was  started  up,  and  very 
shortly  after,  as  soon  as  a  trial  card  had  been  taken  and 
examined,  other  diagrams  were  obtained  and,  at  the  same 
time,  the  impulses  per  minute  and  number  of  revolutions  per 
minute  were  counted,  and  the  gas  consumption  per  minute 
was  noted  while  the  engine  was  running  without  any  load 
except  that  due  to  the  main  driving  belt  running  on  the 
loose  pulley.  This  trial  was  known  as  "  light,  as  found." 
The  shop  load  having  been  put  on,  a  similar  series  of  observa- 
tions were  taken  and  noted  as  "  load,  as  found."  The  dia- 
grams referring  to  the  latter  were  then  worked  out  on  the 
spot  and  calculations  were  made,  as  explained  later,  to  note 
the  mean  pressure  obtained  with  respect  to  the  mixture 
strength. 

From  the  previous  checking  of  the  valve-settings  and  the 
information  afforded  by  the  "  load,  as  found  •，  cards,  together 
with  an  examination  of  the  curves  recorded  upon  a  diagram 
taken  with  a  light  spring,  it  was  then  possible  to  decide 
which,  if  any,  adjustments  should  be  made  to  bring  about 
improved  performances.  Several  diagrams  were  thereupon 
taken  under  different  conditions,  until  it  was  determined,  by 
means  of  temporary  adjustments,  exactly  how  to  achieve  the 
desired  results.  Occasionally  the  improvement  could  be 
effected  within  a  short  space  of  time,  but  frequently  several 
hours  were  spent,  according  to  the  condition  of  the  engine, 
before  a  satisfactory  result  could  be  obtained. 


Table  I. 

TEST  No.  595a. 

Name  ：  S.  &  Co.  2  Meters 

Address  ：  Bermundsey,  S.E. 
Assistant's  Initials  ：  A.  R.  P. 

Machinery  driven  :  Dynamo  and  cocoa-grinding  plant  . 
2V  x  30"  (  )  Gas  Engine  No.  10841. 


Date  :  Feb.  13th,  1913. 
300  It.  No.  906089. 
300  It.  No.  37388. 


A.  '  S. 
1  72s 


7*854  cub,  ft.  per  stroke. 


Specific  piston  displacement 
Governor :  Hit-and-miss. 

A,  xS.  \ 
396,000/  " 
Ignition  ：  Two  magnetos  (low  tension). 

Piston  positions  from  edge  of  liner— in-centre :  23.375"  in  :  out- centre ' 
out =30"  stroke. 


E.h.p.  constant 


O.I):i-lL»7. 


Exhaust  valve  setting 
Mixture    "  " 

Gas 


Open  ；  piston 

Close  ；  ，， 

( Open  ；  " 

I  Close  ；  ，， 

I  Open  ；  ，， 

\  Close  ；  ，， 
Coinprcssion  pressure  :  120lbs. 


out  ；  crank  ^ 


Compression  pressure  ratio 


15 


14 

5"      in  ； 

" Xi 

22 

75"     in  ； 

，， P 

3 

875"  out  ； 

" Ok. 

20 

5"      in  ； 

" "O 

6 

25"  out; 

，， 6 

9-0. 

: lead  5- (325". 
: lag  8.875". 
: lead  0-625." 
: lag  2.75". 
: lag  2.875". 
: earlv0.375". 


Volumetric  efficiency  :  0*876. 

Effect  ivc  piston  displai  cmont  ：  (Spec.  P.D.  x  V.E.)- 
Clearance  volume  ratio  ' 


C88. 


(a/ 


Clearance  volume  i 


0 


=  1.563  cub.  ft. 


/.  E.P.D. 
VC.V.R.- 
Charge  volume  ：  8*443  cu.  ft. 

Improvements  obtained  ：   pow      ])er  impul 化， 9  per  cent. 
10  per  cent. 


(M)nsuni})tion, 


Loatl . 


Load,  as  found 
Load,  as  left  . 


1.4(5 
1.48 


202.4  13-7 
211.8  12.:i(i 


Observations. — Diagrams  "  Load,  as  found  "  show  e<l  late  firing,  which 
was  corrected  by  advancing  ignition  of  both  magnetos,  one  by  one  notch 
and  the  other  by  two  notches.  Anti-pulsator  valves  in  both  gas-bags 
not  working  freely,  and  diaphragms  、vere  flabby.  The  exhaust  valvt'  a\  as 
opening  early  and  closing  very  late.  Instructions  were  left  with  attendant 
to  correct  this. 

The  desired  goal  having  been  more  or  less  nearly 
approached,  the  inspection  was  concluded  with  a  final  con- 
sumption test  under  normal  shop-load,  and  the  comparisons 
then  made  of  the  initial  and  final  (££  as  found  "  and  "  as  left  ，》 
results  showed  exactly  what  improvement  had  been  effected. 
A  record  or  test-sheet  was  then  made  out  in  the  form  shown 
in  Table  I.,  and  from  this  a  report  was  drawn  up  and  sent 
to  the  gas  company  for  the  information  of  the  consumer. 
Such  report  was  not  so  detailed  as  was  the  test-sheet,  as  the 
engine  proprietor  could  not  be  expected  to  appreciate  the 
value  of  all  the  figures  upon  the  latter.  The  report  therefore 
merely  gave  the  comparative  "  as  found  "  and  "  as  left  ，， 
figures,  with  a  brief  statement  of  the  condition  of  the  engiue, 
with  suggestions  as  to  repairs,  &c.，  required  to  obtain  titill 
further  improvements. 

To  engineers,  much  of  the  information  recorded  on  the 
test-sReet  (Table  I.)  will  be  self-explanatory,  but  in  order  to 
show  clearly  the  method  by  which  proper  comparison  between 
the  performances  of  each  of  the  engines  was  made  possible 
some  explanation  is  necessary.  The  author's  experience  with 
internal-combustion  engines  has  indicated  that,  while  the 
strength  of  mixture  taking  part  in  combustion  has  rarely,  if 
ever,  been  taken  into  account  in  authoritative  trials,  yet  this 
is  one  of  the  most  important  matters,  which  should  be  deter- 
mined in  all  tests.  A  lengthy  analysis  by  the  author  m 
October,  1909，  of  the  figures  given  in  the  Third  Report*  of 
the  Gas  Engine  Research  Committee  of  this  institution  showed 
that  the  influence  of  mixture  strength  upon  the  thermal 
efficiency  of  internal-combustion  engines  was  of  at  least  equal 
importance  as  was  the  compression  ratio.  From  the  com- 
parisons then  possible  the  author  arrived  at  the  following 
conclusions :  (1)  Equal  thermal  efficiencies  can  be  obtained 
throughout  a  wide  range  of  compression  pressures.  (2)  Equal 
thermal  efficiencies  can  be  obtained  from  varying  mixture 
strengths,  provided  that  ignition  is  properly  correlated. 
(3)  By  increasing  the  mixture  strength  and  delaying  the 
firing  point,  higher  mean  pressures  can  be  obtained  with 
little,  if  any,  loss  of  efficiency,  within  certain  limits. 

Since  that  date  (1909)  the  author  has  had  many  oppor- 
tunities of  putting  the  above  conclusions  to  the  test  of  practi- 
cal work,  and  is  more'  than  ever  convinced  of  their  soundness. 
Throughout  the  extensive  series  of  commercial  tests  alluded 
to  in  this  paper,  the  mixture  strength  of  the  charges  taken 
in  by  the  various  engines  lias  been  computed  in  terms  of 

*  Proceedings,  I.Mt'cb.E..  ]908,  mi^cs  34-5. 
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total  cylinder  contents,  that  is  to  say,  gas,  air,  and  r('s"hials， 
and  then  compared  with  the  mean  pressure  (positive  loop)  calcu- 

mean  pressure 

lated  from  indicator  <liagrams.    The  f actor-mixture  sfcrength 

― thus  obtained  has  been  an  invaluable  aid  in  (Widing  what 
steps  to  take  to  obtain  better  performances  from  all  the 
engines  inspected.  In  order  to  express  the  mixture  strengtli 
in  terms  of  total  cylinder  volume,  however,  it  is  necessary  to 
know  the  clearance  volume  as  well  as  the  piston  displace- 
ment. The  latter  can  be  calculated  at  one©  from  the  cylin- 
der dimensions  of  an  engine,  but  the  former,  in  commercial 
tests,  cannot  be  definitely  measured.  A  close  approximation 
can,  nevertheless,  be  obtained  by  observing  the  compression 
pressure  attained  and  also  by  noting  the  volumetric  efficiency 
of  the  engine. 

Fig.  1  shows  a  light  spring  card  taken  from  the  engine 
referred  to  in  Table  I.，  and  the  method  of  determining  the 
volumetric  efficiency  is  there  indicated.  It  will  be  seen  that 
the  point  along  the  atmospheric  line  at  which  tlie  compression 
curve  crosses  the  latter  is  alone  taken  into  account,  for,  at 
this  point,  it  is  clear  that  the  whole  of  the  cylinder  is  filled 
with  a  mixture  of  gas,  air，  and  residuals  at  atmosplieric 
pressure  and  at  some  indeterminate  temperature.  In  this 
engine  the  specific  piston  displacement  was  7"85  cub.  ft.,  and 
the  effective  piston  displacement  was  therefore  7'85  x  0*876  ― 
6*88  cub.  ft.  The  compression  pressure  attained  was  1201bs. 
above  atmosphere,  or,  in  round  figures,  1351bs.  absolute. 
Taking  the  atmospheric  pressure  as  151bs.  per  square  inch, 
the  compression  pressure  ratio  was  9*0,  and  assuming  the 
exponent  of  the  compression  curve  to  be  1*30,  the  total 
cylinder  volume  must  have  been  5*4  times  that  of  the  com- 
pression volume.  Therefore  it  can  be  computed  that  the 
effective  piston  displacement  6"88  divided  by  5*4  ―  1"0,  or  4*4， 
will  give  the  content  of  the  clearance  space  with  fairly  close 
approximation  to  accuracy.  Thus  the  figure  1"56  cub.  ft.  is 
arrived  at  for  the  clearance  space  and  that  of  8'44  cub.  ft.  for 
the  effective  cylinder  volume. 

The  number  of  impulses  being  noted  for  the  various  tests, 
as  also  the  amount  of  gas  registered  by  the  meter  in  cubic 
feet,  both  expressed  on  a  similar  time  basis,  the  division  of 
the  latter  into  the  farmer  will  give  the  number  of  impulses 
obtained  per  cubic  foot  of  gas.  In  Table  I.，  for  the  "  load, 
as  found  "  count  it  will  be  seen  that  the  figure  1*46  is  thus 
obtained.  Therefore  1*46  multiplied  by  the  effective  cylinder 
volume,  8*44,  gives  the  number  of  cubic  feet  of  stuff  with 
which  1  cub.  ft.  of  gas  is  mixed,  namely,  12*32.  If  then  the 
calorific  value  of  the  gas  be  known ― in  this  case  500  B.Th.U. 
per  cubic  foot* ― it  can  be  computed  that  the  calorific  value 

of  1  cub.  ft.  of  stuff  in  the  effective  cylinder  volume  is   ^  ,32 

40*55  B.Th.U.  The  diagram,  Fig.  2，  shows  that,  upon 
ignition,  this  strength  of  mixture  gave  a  mean  pressure  of 
87*51bs.  per  square  inch,  or  2'1581bs.  for  each  British  thermal 
unit  in  1  cub.  ft.  of  the  mixture.  To  one  who  is  in  the 
habit  of  checking  the  performances  of  internal-combustion 
engines  in  this  way,  the  value  obtained  for  the  factor ― 
mean  pressure  .  . 

mixture  strength— at  once  indicates  that  the  engine  was  doing 
well  in  respect  of  -econoinv,  and  that,  usually,  no  betterinenl; 
can  be  expected  under  ordinary  working  conditions  by  adjust- 
ment. From  the  diagram,  Fig.  2,  however,  it  will  be  seen 
that,  the  ignition  was  somewhat  late.  An  attempt  was  made 
to  correct  this  by  accelerating  the  low-tension  spark  from 
both  magnetos  with  which  the>  cylinder  was  equipped,  each 
lever  being  moved  one  notch  forward.  The  result  is  shown 
in  Fig.  3.  Even  with  this  acceleration,  while  improved,  the 
ignition  was  still  somewhat  late,  and  consequently  that 
magneto  which  was  situated  at  the  back  end  of  the  combustion 
chamber  was  further  adjusted  by  moving  tlie  control  lever 
one  notch  further  in  advance.  The  diagram  theu  obtained, 
Fig,  4，  was  satisfactory,  the  slight  variations  in  successive 
cycles  noticeable  at  the  top  of  the  card  being  attributable  to 
the  irregular  movements  of  the  anti-pulsator  valves  in  the 
two  gas-bags  provided. 

The  next  step  was  to  determine  what  effect  these  ignition 
adjustments  had  upon  the  gas  consumption.  The  "load,  as 
left  "  count  was  therefore  taken,  with  the  result  shown  by 

*  The  average  caloritic  value  of  gas  distributed  by  tlio  '*'  \  \\\u.  "  niiiins  of  tin1 
Soutti  Mrtrdi'olitnn  (； us  Ccniiminy,  into  which  iitl  their  st;ili<ms  1,  。l,  i-;  ;i|ii'm、i- 
matoly  500  lt.Th.U.  per  cubic  foot,  and  pniulioally  cDiistunt  at  that  tiguiv. 


the  series  of  figures  in  the  lower  line  oi'  Table  I.    Tlie  "farter  ' 

― ^6,  n  P   s  ur    ― ^  there  found  to  be  2*388 ― a  most  sati's- 
mixture  stren^l  li 

factory   value.       Naturally,  the  assumptions  necessary  for 

obtaining  this  factor  in  commercial  tests  will  not  permit  accej— 

tance  of  the  figures  as  being  absolutely  accurate,  but,  being 

recognised  as  but  ati  approximate  standard  of  comparison, 

the  "  factor  "  will,  for  test^bed  work  and  for  general  purposes, 

be  found  particularly  useful.    It  shows  very  clearly  wliether 

any  engine  is  or  is  not  doing  well,  whether  the  mixt  uk-  <-m 

ployed  is  too  strong,  and  also  what  influence  ignition-timiii"', 

prevailing    skin-temperature    of    the    cylinder    walls,  and 

deliberate  adjustments  have  upon  the  performance  of  any 

engine  under  observation . 

In  many  cases  published  results  of  tests  have  not  hitherto 

included    volumetric   efficiency  of  the  engines,  nor  has  ； my 

standard  been  authoritatively  approved  of  the  measur<'in«-nt 
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Figs.  1-4  refer  to  test  as  Table  I. 
Kig.  1.— Determination  of  Volu metric  Efficiency. 
Fig.  2.— M.E.P.  87*5  lb.  Latk  Ignition  of  Chabgks,  "  lo.vd  as  found." 
Fig.  3.— Earlier  Ignition  in  consequence  op  Auiustmknt  of  both 

Magnetos  by  one  notch. 
Fig.  -4.— Ignition    of    Chabges    "  load    as    left  "    by    Back  End 

Magneto  bking  furtheii  advanced  by  onk  notch. 

of  volumetric  efficiency.  Usually,  however,  the  latter  has 
been  determined  by  referring  the  length  of  atmospheric  line 
between  the  two  points  where  the  suction  and  coni]>reKsion 
lines  cross  the  atmospheric,  as  a  percentage  of  tlie  total  length 
of  the  indicator  diagram.  This  is  incorrect  for  the  purpose 
of  computing  clearance  volume  and  mixture  strength  on  the 
lines  indicated  in  the  present  paper.  The  importance  of 
taking  volumetric  efficiency  into  account  is  very  marked,  and 
particularly  in  connection  with  engines  governed  by  throttling 
the  inixtiire,  as,  with  the  same  clearance  volume,  lower  com- 
pression pressures  are  tlien  attained. 

In  one  test  made  by  the  author,  a  vertical  gas  engine, 
which  was  designed  to  work  at-  lOOlbs.  (say,  1 151bs.  absolute) 
compression  pressure,  attained  at  niaxiinum,  normal  full  load, 
three-quarter  load,  and  half-load,  961bs.,  921bs. ,  781bs"  and 
731bs.  per  square  inch  respectively.  The  volumetric  effi- 
ciencies at  each  compression  pressure  were  respectively  88*2, 
83,  80，  and   76*5  per  cent.    Assuming  the  exponent  ，/  in 

p  /VV 

— = (  I  was  1'30，  the  clearance  volume  at  100  per  cent, 
volumetric  efiiciency  for  a  piston  displacement  of  O  jj  cub.  ft. 
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(cylinder  I  I  in.  diani.  l>v  ll'in .  si  roke)  would  be  0*145  cub.  ft. ； 
and  tlie  total  cylinder  volume  0.695;  the  clearance  rati" 
total  cylinder  volume  (piston  displacement  plus  clearance) ， 
divided  by  clearance  volume ― being  4'8.  At  961bs"  921bs.， 
781bs.，  and  731bs.  compression  pressure  the  clearance  ratios 
would  be  respectively  4'7?  4'5，  4.05，  and  3  9  (，  =  1'30)，  and 
with  the  clearance  volume  ('ominoii  to  all  at  0*145  cub.  ft. 
as  before,  the  effective  piston  displacements  for  each  ratio 
would  be  0*535,  0.5065，  0*4410,  and  0.4193 — each  of  which 
are  equivalent,  in  respect  of  the  specific  piston  displacement 
of  0*55  cub.  ft.,  to  the  volumetric  efficiencies  determined  by 
the  indicator.  For  the  purpose  of  computing  total  cylinder 
capacities,  therefore^  as  long  as  the  compression  pressure  and 
volumetric  efficiency  are  known,  the  compression  ratio1  can 
be  determined  and  the  clearance  volume  ascertained  there- 
from, witli  reasonable  accuracy  for  commercial  testing,  as 
exemplified  in  connection  with  Table  I. 

The  compression  curve  exponent  1*30  appears  to  hold 
good  for  engine's  widely  varying  in  design,  within  close  limits. 
For  instance,  in  Mr.  H.  Ade  Clark's  paper*  on  the  Diesel 
engine,  read  before  this  institution  in  1903,  it  was  mentioned 
that  the  compression  pressure  ratio  was  35  for  a  Diesel 
engine  having  41'1  mm.  clearance  volume  and  600  mm.  stroke 
volume ~ that  is  to  say,  a  clearance  volume  ratio  of  15*6 
(64T1  -f41*l).  From  these  figures  it  is  evident  that  the 
exponent  would  be  1"294.  Again,  as  already  stated,  the  llin. 
by  lOin.  gas  engine,  respecting  which  figures  for  volumetric 
efficiency  at  various  compression  pressures  due  to  throttling 
have  been  given,  gave  the  exponent  as  1.30，  while  in  Prof. 
BurstalFs  tests 十  for  the  Gas  Engine  Research  Committee, 
assuming  100  per  cent,  volumetric  efficiency,  the  terminal 
compression  pressures  attained  for  various  clearance  ratios 
gave  a  value  for  the  exponent  varying  from  1*24  to  135，  with 
an  average  of  1'30  (Prof.  Burstall's  remarks  u】k 川 the  deter- 
mination of  the  compression  curve  exponents  in  these  tests 
should,  however,  be  referred  to). 

Other  instances  could  be  cited  confirming  the  exponent 
1*30  being  in  accord  with  compression  pressures  obtained 
with  known  clearance  volume  ratios  for  many  different  types 
of  gas,  petrol,  and  oil  engines,  and,  as  the  Diesel  engine 
tested  by  Mr.  H.  Ade  Clark  running  at  160  revs,  per  minute, 
the  Premier  engine  used  by  Prof.  Burstall  running  at  170 
revs,  per  minute,  and  the  Browett-Lindley  vertical  gas 
engine  tested  by  the  author  running  at  450  revs,  per  minute? 
may  be  accepted  as  widely  varying  examples,  it  does  seem 
probable  that  computations  upon  the  exponent  of  1*30  will 
give  sufficiently  accurate  data  for  ordinary  commercial 
testing  purposes. 

The  author  lias  frequently  been  impressed  by  the  fact 
that,  in  the  majority  of  scientific  investigations  reported  to 
engineering  societies,  all  references  to  mixture  strength  have 
been  omitted.  In  saying  this  he  is,  of  course,  aware  that 
some  exceedingly  ingenious  methods  have,  on  rare  occasions, 
been  adopted  to  determine  the  volume  or  weight  both  of  air 
and  of  gas,  or  air  and  petrol,  &c.，  that  have  been  drawn  into 
engine  cylinders,  in  order  to  state  the  ratio  of  one  ingredient 
to  the  other.  But  in  practice  the  combustible  forms  part  of 
a  mixture  of  air,  gas,  and  residuals,  and  it  is  probably 
because  of  the  difficulty  in  measuring  the  latter  that  the 
hitherto  existing  lack  of  information  is  due. 

Dr.  Dugald  Clerk,  in  his  book  "  The  Gas,  Petrol,  and  Oil 
Engine,"  Part  I.，  1909，  refers  to  this  in  connection  with  Dr. 
Slaby's  well-known  experiments,  and  suggests  that  the 
inclusion  of  hot  residuals  makes  the  actual  weight  of  mixture 
practically  indeterminate.  Yet  the  internal- combustion 
engineer,  for  commercial  purposes,  does  not  need  to  know  the 
weight  of  the  mixture.  It  will  suffice  if  he  can  obtain 
information  as  to  the  relative  mixture  strength  in  British 
thermal  units  per  cubic  foot  of  effective  cylinder  volume. 
Knowing  tins,  he  can,  by  taking  into  account  the  mean  effec- 
tive pressure  obtained,  get  all  the  information  that  is  of 
practical  use  to  him,  for  with  this  common  basis  of  comparison 
experience  will  soon  teach  him  how  to  apply  such  knowledge 
to  the  best  advantage.  In  the  absence  of  knowledge  as  to 
the  mixture  strength  used  he  is  absolutely  in  the  dark,  and  is 
daily  confused,  in  that,  with  one  engine  of  a  certain  size 
coming  on  to  the  test-bed,  the  rated  power 一 or  consumption ― 

*  l'roceedinfia,  I.Mftch.E.,  3903,  page  395. 
t  Proceedings,  I.Mecb.R..  1908,  imge  5. 


may  be  readily  obtained,  while  witli  perhaps  another  engijie 
of  the  same  or  a  different  batch  he  fiiuls  it  extremely  diflicull 
to  obtain  the  "  list"  figures  for  output  or  for  efficiency. 
Without  a  knowledge  of  the  mixture  strengt  h  witli  which  i  I  if 
engine  is  working ― and  also  the  mixture  st  rcngt  li  at  whirl' 
the  engine  works  best ~ he  cannot  even  be  certain  thai  the 
test-bed  adjustments  are  final;  for  if,  for  example,  when  1  lie 
engine  is  put  into  regular  operation,  an  undue  increase  of 
cylinder-wall  temperature  occurs,  the  performance  of  1  lie 
engine  will  be  likely  to  cause  trouble,  and  especially  so  should 
riclaer  mixtures  be  admitted  than  tliosc  lor  wliidi  1  he  \^\\\\ ion 
timing  has  been  "  set." 

The  large  number  of  tests  systematirally  made  during  t  la- 
survey  already  referred  to  provides  much  valuable  data  wliicli 
cannot  be  presented  in  a  complete  form  in  the  present  paper, 
but  a  selection  of  test  results,  taken  almost  at  random  from 
a  number  of  engines  of  varying  cylinder  dimensions  and 
compression  ratios,  may  be  presented  and  discussed.  Table 
II.  reproduces  a  portion  of  tlie  test-slieet  of  h  small  gas 
engine.  Here  it  was  found  that,  for  load,  as  found  ，'  ilie 
„  mean  pressure  . 

faCt°^  mixture  strength' Was  183"  The  diagrams,  F,g.  5,  showed 
that  "  as  found  "  ignitions  were  extremely  rapid.  The  effec- 
tive cylinder  volume  per  cubic  foot  of  gas  was  somewhat  low, 
namely,  9'90  cub.  ft.    Therefore  tlie  adjust  nienls  made  \、'w 


Figs.  5  and  6  refer  to  test  as  Table  II. 

Fig.  5.—  "  Load  as  found,"  Rapid  Ignition  due  to  karly  firing  and 

rich  mixture.   compare  flg.  6. 
Fig.  6.—"  Load  as  left,"  kkduikd  supply  of  gas,  cuktailment  of 

Exhaust  Pebiod  and  Retarded  Ignition. 

to  retard  the  lead  of  the  magueto  ignitiun  ami  to  ( I  i  n  1 1 1 1 1 1 1 

the  gas  supply.    Another  point  that  the  light  spring  cards 

drew  attention  to  was  the  ill  effect  caused  by  the  exhaust 

valve  opening  too  early  and  closing  too  late  ；  adjustment  was 

therefore  made  to  curtail  the  exhaust  period.    Tlie  effect  of 

these  slight  alterations  is  shown  in  the  "as  left"  diagram , 

Fig.  6，  and  in  the  "  load,  as  left"  line  of  Table  II.    It  will 

be  seen  that  1  cub.  ft.  of  gas  tlien  sufficed  for  13*25  cul».  ft  - 

c    «  -..  .        ，  .    .  mean  pressure 

01  effective  cylinder  volume,  and  the  1  actor,  ~~ r— - 

J  mixture  strength, 

rose  to  2'41.    So  that,  in  this  small  engine  of  0  1365  cub.  ft. 

specific  piston  displacement  per  stroke,  almost    t'qui\:' I'  M 

efficiency  was  obtained  as  in  the  larger  cn^ini1,  Table  I.，  of 

nearly  60  times  the  cylinder  capacity.    It  is  interesting  to 

notice  the  relative  figures  in  this  test  when  the  engine  was 

running   "light,   as   found. With    no   va  rial  ion  to 

deliberate    adjustments,  but  consequent  merely  upon  ； kKJi 

tional  load  and  less  frequent  internal  cooling  hy  means  of 

consecutive  idle  strokes  or  scavenging  cycles,  the  fact -u-  of 

2"133  was  reduced  to  1'83.     It  will  be  "otire(l  ^Iso  I  li;it , 

although  the  mean  pressure  was  higlier  at    '  li^ht ,  ； is  founJ , " 

yet  this  was  obtained  by  a  somewhat  weaker  mixt urc  limn 

" load,  as  found."    That  still  further  reduction  of  mixture 

strength  was  advisable  to  obtain  higher  efficiencies  under 

the  prevailing  conditions-  is  clearly  shown  from  the  "  as  left  " 

factor.     Incidentally,  it  may  here  be  pointed  out  that  tlie 

factor  as  used  by  the  author  enables  an  ex]HM'iine]ito r  1  o 

observe,  with  great  practical  l)eiient'，  the  actual  variations  of 
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Ligl" ,  as  Inund 
Luiul ,  as  fouiul 
Load,  as  left  . 


47-00.718 

95 

111-8  L31 


03*4 
85-4 


i0-2(i  JS.25  KKi  2.m 
13.25  37-75     ！ )1  2.41 


2.«»2 
.5.25 
IMC) 


II.  75 
17-15 
13*0 


()nsi<;i;vATi(>Ns.  — Engine  had  been  recently  ovcrliaiik'd.  4'  As  fuund," 
tlio  mixture  was  too  rich,  involving  heavy  lunnpin^;  on  ignition.  The 
cxliau.st  valve  、vas  opening  vcrv  (.'arty  and  closing  after  gas- valve  oiitiicd. 
The  ignition  had  too  much  lead  and  \\n^  rv t a n k'< I , 

Y&ry  efficient  cooling  and  caivful  .Hljuslment  oi'  ii;iiit ion- 
liming  devices  are  required  when  engines'  are  called  upon 
to  deal  with  loads  necessitating  a  continuity  of  explosions 
producing  mean  pressures  of  the  order  of  90ibs.  per  square 
inch.  As  will  be  sufficiently  clear  from  the  exam  pies  already 
referred  to,  such  high  pressoires  are  not  at  all  uncoininon 
iu  every-day  work  (blie  author  has  obtained  as  mucli  as 
1 181bs.  per  square  inch  from  an  engine  lightly  loaded  and 
taking  a  scavenging  charge  after  each  power  cycle),  and  there 
is  little  doubt  that  gas  engines,  rated  by  the  makers  upon  i\w 
basis  of  801bs.  per  square  inch  for  continuous  work ,  aci  nally 
possess  a  considerable  re&ervo  of  power ；  but,  unfortuiialelv, 
the  manner  in  which  engines  can  be  nni  ai  sucli  overloads 
is  very  rarely  understood  by  nion  in  whose  charge  they  are 
placed,  while,  until  recent  years,  no  facilities  woiv  provided 
by  means  of  which  the  lUTc^saty  adjustments  could  l>('  made 
to  achieve  this  mucli-to-be- desired  end . 

Tlie  only  limit  to  an  engine's  capacity  for  overload  wit  liin 
the  range  above  mentioned  is  the  liability  of  pre-ignition  of 
the  charge  during  the  final  portion  of  live  conipressinii  "mk('. 
The  more  nearly  tlie  temperature  reaches  a  certain  critical 
point  either  by  heat  generated  during  compression,  ()r  bv 
cylincler  wall  radiation,  practice'  seems  to  promise  iii"H"、r 
cfliciencies.  The  output  of  power  depeads  upon  the 
mixture  strength  —  the  richer  tho  mixture  tlie  moi-t* 
powerful  tlie  im jnil^e,  in  "、rms  o f  iM(';m  pressniT.  Bid  if 
the  load  demands  a  mixture  so  rich  that  the  romlui"i< 川， 
■wlu'ti  once  started,  pro('(、（、（ls  wit li  ext renn1  rapi<]il\-  uikIim"  the 
temperature  due  to  romprt'ssioii  and  wall  radial  ion ,  t  Ihmi  pre 
ignitions  are  set  up  sponlaiuumstv,  which  annouiicf1  1  hvlv 
existence  l)v  violent  bumping  and  quickly  b rin^  the  engine  to 
a  standstill  if  allowed  to'  continue. 

Tt  is  for  this  reason  that  engines  governed  on  the  u  hit  -and- 
miss  "  system  ran  work  conl inuousl y  at  lugli  moan  |>i  ossurcs 
without  giving  troublo.     Even    it'   I>nl    one    m"s   occurs  at 


mixi  ui-o  stieiigUi  cuiise(jueiit  upon  nuniial  varmlimis  of  mn 

diiiotis  peculiar  to  all  i n( cnuil combust  ion  cii^incs,  ； ind  I  lirir 

cll'cci,  upon  clliciency,  (、'r. 

Table  III.  is  an*al)si  raci.  I'roni  Uie  Icst-sluu't.  t  。  ：i 

gas  engine  of  about  tlie  average  size  in  ""'iiei'al  use  in  Loudon 

factories.     In  tin's  iiistanrt;  it  was  found  1  liai  tlu1  riigim'  \、;i、 

working  so  we'll  that,  no  improvciiuMils  could  I"'  cflVcU'd.     1 1  is 

•  •  ，       ，       ,      c  }    t.  mean  pressure 

interesting  to  note  that  tlievalueoi  the  t  actor,  mixtun>  s|  |i(M](r( ]( 

is  slightly  higher  than  that  noted  in  Tal)l(、  T.，  mII  liou^li  t-lir 
(•vlimlcr  (Jinicnsioiis  u「  latter  were  more  i  liati  seven  "m('s 
as  great.  Similarly,  the  factor  is  rom|>aral>l('  also  wit  h  I  he 
small  engine  in  Table  11"  although  the  latter  was  one 
ci^lith  t  lie  size  in  terms  of  cylinder  capacity. 

Table  II. 
5in.  by  12in.  gas  engine  No.  r)3(il0. 

p         (Liglit :  27：?. 

S|>t'cific  ])istnn  (lisjtlarrinciil  -().  \  'Mu')  i_  u.  ft. 

( Jovcrnor  :  Uil-aiifl-iuiss. 

l.h.lt.  ronstanl     ()■  (HMKV.Hi. 

Ignition  :  I -tension  nia^iicln. 

(Jonipivssion  pivssiuv  ：  1 1 01  Its. 

V'uluiucf  r'w  i'fHrionc\  :  0. \)'2. 

Kll'cctivc  piston  dis])lacomcnl  ：  0-  Li 55  cu.  ft. 

Clearance  volume  ratio  :  5.1. 

Cliargo  volume  :  0*  1502  (m  ft . 


As  found 


100-5  2.  (3 


21. 1  i2-r> 


'JV'ni|Mi!ai\  a<lji]stinriits  I o 
ami 


OuyKiiVATioNS. 一 Knginu  practically  new 
mixture  rogulatitm  and  ignitiuii  timing 
ungino  was  left  "  as  found." 

Pre-ignitions  are  much  more  likely  to  give  trouble  wlu-n 
engines  are  throttle  goverued,  for,  under  heavy  loads,  the 
pression  pressures  and  temperatures  are  higlier  and  more  heat 
is  given  to  the  walls;  but,  even  theu,  with  copious  \v;itcr 
circulation  and  with  properly  retarded  ignition  suitable  to 
the  load,  overloads  requiring  upwards  of  901bs.  la  D'—jlbs.  m'  :'ii 
pressure  can  be  carried  for  quite  considerable  periods. 

The  author  is  of  opinion  that,  judging  by  his  own  <-x 
perience,  inteirnal-combustion  engine  makers  will  find  that  the 
factor  value  suggested  in  this  paper  will  be  most  useful  to 
tliem  in  tuning  up  their  engines.  Tables  can  be  prepared  for 
the  use  of  tlio  test-bed  staff  which  will  give  definite  figures 
without  calculation  for  efYwtivc  cylinder  volumes  cone- 
sponding  with  actual  volumetric  efficiencies.  Then,  with 
diagrams  obtained  by  means  of  corm-t  1  v  sd  n'<hi<'ing  乂 ,'；"• 
and  with  iiistruiiient^  of  fair  accuracy,  the  factor  value  can 
be  calculated  from  tlie  following  1'onnulee  ： ― 

(1)  HxF+Ix  V  =  S. 

(2)  P  +  S  .  =  Factor; 
ill  which — 

H  =  Average  caloriiic  value  oi'  \'iw\  pet*  pound  or  cubic  foot . 
F  —Lbs.  or  cubic  feet  of  fuel  consumed  per  miuutr. 
I  -  Impulses  j>er  minute. 

V  =  Effective  volume  of  cylinder  in  cubic  t'cel. 

P  -  Mean  pressure  lbs.  per  square  inch. 

S  =  Mixture  strength  iu  B.TIi.U.  per  cubic  foot. 

Tlie  term  S  will  be  a  direct  guide  to  the  relative  mixturr 
strengths  admitted  to  every  engine,  and,  this  l>ein^  ki»o\vii, 
many  phenomeua  hitherto  held  to  be  inexplicable  will  l)e 
made  clear  to  those  engagetl  on  the  lest  l>ecl -  With  a  rcrlaiii 
setting  of  the  gas-regulating  valve  or  its  equivalent,  t lie 
standard  mixture  st rcngtli  for  which  the  rated  powers  applv 
can  be  readily  obtainocl,  and  i\w  air  ； ul justiiKMit  raw  Www  I"' 
regulated  that'  |»n)|"M'  conihustion  ensues.  Witli  a  inixt  uw 
sirenyth  of,  say,  40 】{.Tli.U.  (mm-  <  ul'ir  foot,  mean  pressures  of 
801bsi  per  square  inrh  can  1)。  deliiutel v  relied  upon  ；  and, 
given  suflicifMillv  close  adjtisl nioiit  of  ignition  timing,  oven 
OOlhs.  or  more  rati  1k、  wuml  wit hout  risk  oi'  i>re-i"'i"tii>", 
provided  that  tlie  oompiTssion  jXTssure  is  not  too  high  ami 
the  internal  cvlintler  walls,  iVc ,  a  re  effit-ieiitlv  cooled. 

When  it  is  realised,  as  various  test'  sheets  iu  the  author  s 
possession  show,  that  mixture  si rengtlis  of  50  and  55  B.Th.U. 
per  cubic  foot  of  effeotive  cvlindor  volume  can  be  efficient Iv 
burnt  in  gas  engine  cvlintliMs.  which  will  give  proportionatol v 
greater  power  wilhoui-  loss  of  cdifienry,  il  will  be  row^nisccl 


Load . 


nilorvals  of,  say,  twenty  cycles,  tlie  engine  will  work  (|iiito 
satisfacLorily  under  such  rumliti' 川 s，  |u， (山; 山 I  v  due  ，'，  I  I, 
that)  the  air,  adiniM<'<l  (lu 丄' iiig  Uie  "  ^ovcrnin^  ryrUt  " 
"miss"  in  a  sialic  ol'  turljulence,  very  effectively  roola  tlio 
skin  u(  111©  internal  wall  holovv  the  crith.-al  lem i,*'r;i"m，，  wliidi 
water  circulation  alone  is  not  ；山 I'*  to  r<-'lu'  ". 

TAiiij;  III. 

1  f  lin.  hy  lSin.     is  t  ii«^iur  Xu.  :"'►,—>.—"{. 

S|K'cili (；  pislon 山.、 |'l;ir,'|ii,  i"      I  .OS  ru.  ft. 
<  :''、  '  rn"r  ：  Hit  ； nijss, 
l.li.p.  ((Mi-stant  O.UOJ7I. 
l^nit ion  ：  l》,,、、-lrii"i'"  m;i^ii< 
Ojinprt'ssioii  prcssiirr  :  HiOllis. 
VoluriKjtri (；  (！ IHcicncy  ； 

Elective  piston  (liHjila<  rinriil  ：  I  ()l  <-u.  ft. 
Clearance  volume  ratio  ：  0-G. 
Charge  volume  ：  1       cu.  ft. 


CT.l 一. I 


,.nun 一 OA  os-ms 

•Iqul  J9d 


•sol  一 


•dd 


oinn 一 oa  ass 一一。 
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that  gas  engines  rated  on  801  bs.  ni.e.p.  possess  a  capacity  for 
overload  far  greater  than  has  usually  been  conceded  to  t Iumm . 
To  obtain  this  overload  capacity,  however,  it  is  essential  that 
iiit'ans  of  control  of  ignition  and  combustion  of  mixture  should 
be  provided  by  makers.  Ignition  tubes  with  timing  valves 
must  he  abandoned  in  favour  of  some  form  of  electric  ignition 
device  that  shall  be  adjustable-.  When  utmost  efficiency 
must  be  maintained,  gas-engine  drivers  should  be  encouraged 
to  take  indicator  diagrams  from  time  to  time  when  noting  the 
consumption  of  gas,  and  thus  to  obtain  the  factor  value.  For 
this  purpose  the  supply  of  gas  to  each  and  every  engine, 
whether  town  or  producer  gas,  should  be  passed  through 
meters.  The  arithmetical  problems  are  of  the  simplest 
description  and  can  be  done  expeditiously. 


A  LARGE  AUTOGENOUS  WELDING  PLANT. 

The  A ugsb ur g - N ur ©mberg  Machine  Company  was  one  of  the 
first  German  concerns  to  employ  autogenous  welding  on  a 
large  scale  ；  its  installations  for  this  purpose  have  been  con- 
tinually enlarged,  and  last  spring  a  large  special  plant  was 
installed,  said  to  be  the  last  word  in  this  branch  of  engineer- 
ing. This  plant  was  described  in  a  German  contemporary, 
and  we  are  indebted  for  the  accompanying  particulars  to  the 
" Journal  of  the  American  Society  of  Mechanical  Engineers/' 
Fig.  1  shows  a  section  and  plan  of  the  installation.  The 
carbide  storeroom  located  near  the  machine  room  A  is 
separated  from  the  latter  by  a  fireproof  wall  with  a  fireproof 
door,  and  has  a  storing  capacity  of  10,000  kg.  (22,0001bs.). 
The  generation  of  the  acetylene  is  carried  on  on  the  so-called 
deep  generation  system,  i.e.,  with  the  generator  direct  in  tli© 
water  space.  This  system  was  adopted  because  in  plants  of 
this  size  a  very  important  element  is  that  of  removing  the 
carbide  residues,  and  for  this  purpose  it  is  well  to  have  as 
large  a  water  reservoir  as  possible,  which  can  be  best  done 
with  the  "deep"  system .  As  shown  in  Figs.  A  and  B,  the 
machine  plant  consists  of  two  generators  c  and  cf  for  50  kg. 
carbide  each,  the  washer  d  with  the  water-closing  device  ey  a 
gasholder  (standing  in  the  open)  of  30  cub.  m.  (1 ,059  cub.  ft.) 
useful  volume,  cleaners  f  and  f  of  0*25  cbm.  (8'8  cub.  ft.) 
useful  volume,  station  gas  meter  <j  with  a  capacity  of  31  cbm. 
(1,094'7  cub.  ft.)  per  hour  ；  Knappich  central  safety  water 
reservoir  h  (more  of  it  below)  ；  gasholder  contents  indicator  i， 
water  manometer  Jc,  and  emergency  lighting  /. 

After  being  generated  in  the  generators  c  and  crf  the 
acetyleue  flows  through  the  washers  d ,  which  serve  also  as 
water  seal,  to  the  gasholder,  from  which,  when  required ,  it 
flows  through  the  two  cleaners  f  and  f ,  gas  meter  g  and  the 
Knappich  safety  water  reservoir  //.  By  these  means  the 
impurities  contained  in  th©  acetylene  and  soluble  in  water, 
such  as  ammonia,  hydrogen  sulphide,  &c.，  are  eliminated  from 
it  at  the  same  time  that  it  is  being  generated  and  stored  away  ； 
on  the  other  hand,  sucli  impurities  as  hydrogen  phosphide, 
hydrogen  silicide,  &c.，  ar©  r-etained  by  diemical  means  in  the 
cleaners  f  and  f  on  the  way  to  consumption  (because  here  the 
gas  flows  with  less  velocity) .  The  acetylene  therefore  reaches 
the  place  of  consumption  in  a  state  of  technical  purity,  which 
is  very  important  for  the  production  of  good  welds. 

The  generator  is  always  surrounded  by  a  large  quantity  of 
water,  which  helps  to'  obtain  both  an  economical  gasification 
of  the  carbide  and  a  gas  free  of  products  of  polymerisation 
(owing  to  the  fact  that  the  excess  of  water  provides  an  effective 
cooling).  Further,  since  every  generator  has  a  capacity  of 
50  kg.  carbide  and  a  production  of  15  cbm.  (530  cub.  ft.)  of 
gas,  the  amount  of  air  which  gets  into  the  charging  chamber 
witli  the  carbide  】nay  be  considered  as  negligible,  and  the 
formation  of  explosive  mixtures  practically  eliminated. 

In  the  cleaners,  which  have  to  take  care  of  the  impurities 
not  readily  soluble  in  water,  a  product  with  a  chromic  acid 
basis  is  used  (its  exact  composition  is  not  stated) .  The 
cleaners  are  sealed  hermetically  by  a  bell  partly  submerged 
in  water  and  provided  with  an  automatic  alarm  whistle 
indicating  low  level  of  the  water  seal. 

The  purpose  of  the  gas  meter  is  to  determine  the  consump- 
tion of  gas  in  the  plant,  as  well  as  the  gas  output  per  unit  of 
calcium  carbide  used.  In  addition  to  the  gas  meter,  the  plant 
uses  a  special  apparatus  (of  Dr.  Caro)  for  the  determination  of 
gas  production  from  carbide.  The  water  manometer  is 
arranged  so  that  it  can  be  connected  with  any  part,  of  the 
plant,  tliough  as  a  rule  it  is  on  the  generator. 


The  piping  consists  of  cast-iron  pipes,  100  mm.  and  80  ttnu. 
(3  Din.  and  3'lin.)  diam.  ；  the  cleaners  are  provided  with 
shunt  piping,  so  as  to  prevent  disturbances  in  the  flow  of  gas 
should  a  cleaner  became  clogged.  By  this  means  the  flow  of 
gas  may  be  regulated  as  desired,  and  th^  cleaners  connected 
in  parallel. 

German  government  regulations  provide  that  there  should 
be  a  water  seal  at  each  welding  stand  between  the  gas  piping 
and  the  burner  to  prevent  backfiring  into  the  piping  when  the 
burner  tube  becomes  clogged,  as  well  as  to  prevent  the'  oxygen 
from  getting  into  the  acetylene  piping.  Most  of  the  accidents 
which  have  occurred  in  autogenous  welding  may  be  traced 
back  fco  improperly  designed  or  improperly  kept  water  seals. 
In  large  plants,  witli  an  extensive  system  of  piping,  there  is 
the.  further  danger  tliat,  with  a  defective  water  seal,  the  back- 
firing may  penetrate  as  far  as  the  apparatus  house  or  gasholder, 
and  make  trouble  there.  To  prevent  this,  the-  Knappich 
safety  water  reservoir  has  been  installed.      It  is  shown  in 


Fig.  1.— A  large  Autogenous  Welding  Plant. 


section  at  the  lower  right-hand  side  iu  Fig.  1，  and  its  char- 
acteristic is  that  it  is  provided  with  an  alarm  whistle  which 
acts  automatically  :  (a)  wheii  th©  water  level  becomes  too 
low  ；  (b)  when  bhe  welding  pistol  is  clogged  (the  oxygen  is 
then  forced  to  flow  through  th&  alarm  whistle,  and  produces 
the  sound  of  alarm)  ；  (c)  when,  through  some  irregularity  in 
the  piping,  air  is  admitted  into  it.  This  alarm  whistle,  which 
is  set  into  motion  by  the  kinetic  energy  of  the  oxygen  under 
pressure,  instantly  and  automatically  indicates  any  error  in 
the  actions  of  tlie  welder  or  attendants,  so  that  they  may  be 
attended  to  before  it>  is  too  late.  One  of  the  striking  facts  in 
connection  with  tins  plant  is  the  small  attendance  required. 
The  present  plant,  having  an  output  of  300  cbm.  to  600  cbm. 
(10,594  cub.  ft.  to  21,188  cub.  ft.)  per  day,  or  about  five  times 
as  much  as  would  be  required  for  the  lighting  of  a  city  of 
5,000  inhabitants,  has  only  one  man  for  its  attendance.  More 
than  50  welding  burners  are  operated  throughout  the  plants, 
from  the  smallest  to  the  largest  size,  autogenous  welding  being 
used  for  tlie  most  varied  purposes. 
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THE  USE  OF  STELLITE  IN  THE  MACHINE  SHOP. 

BY  EL  WOOD  HAYNES. 

Whenever  any  new  in  ale  rial  is  proposed  as  a  partial  sub- 
stitute for  one  already  in  use,  various  misunderstandings  are 
likely  to  arise.  Exaggerated  accounts,  of  its  capabilities  are 
likely  to  be  given,  and  because  of  this,  some  of  its*  purchasers 
are  likely  to  be  disappointed  when  it  does  not  fulfil  t Ik* 
exaggerated  accounts.  Most  of  the  trouble,  however,  which 
arises  from  the  introduction  of  a  new  material  or  new  device 
is  due  to  an  improper  uiidcrstanding  of  its  capabilities  and 
improper  application  of  il  in  practice,  so  that  the  now  device 
or  new  material  is  likely  to  have  a  setback  which  it  really 
does  not  deserve.  This  was  true  of  aluminium,  of  the  new 
abrasives,  of  the  automobile,  and  of  countless  devices  which 
have  since  won  their  way  by  sheer  merit  into  extensive 
practical  use. 

Stellit©  is  an  alloy  formed  from  tha  semi-rare  metals,  all 
of  which  are  very  much  more  expensive  than  iron,  but  factory 
superintendents  are  now  well  aware  that  it  does  not  always 
pay  to  buy  low-priced  steel  for  tools  simply  because  it  is  cheap. 
It  is  not  the  low  cost  of  the  metal  in  thei  tool  that  determines 
whether  it  will  pay  or  not  to  buy  ifc，  but  the  efficiency  of  the 
tool  under  intelligent  car©  and  handling.  Take,  for  example, 
a  tool  made  of  carbon  steel  ；  tli€'  metal  in  this  tool  may  cost 
5d.  per  pound,  while  the  metal  in  tliei  high-speed  tool  may 
cost  4s.  per  pound.  Taking  the  carbon  steel  tool  as  a  basis, 
limiting  the  time'  of  operation  on  a  given  piece  of  work,  the 
substitution  of  a  high-speed  tool  in  its  place,  costing  ben  times 
as  much,  may  yield  a  sufficient  profit  to  pay  the  increased  cost 
of  the  high -speed  tool  within  a  single  day  or  perhaps  within 
a  few  hours.  But  in  order  that  the  high-speed  tool  may 
accomplish  this  result,  it  must  be  given  a  chauoe  to  prove  its 
efficiency.  If,  for  example,  a'niachine  is  running  so  slowly 
that  a  piece  of  carbon  steel  will  take  the'  cut  without  losing 
its  hardness,  then  th-ere  will  be  no'  advantage  in  using  the 
high-speed  tool,  but  th©  up-to-date  manufacturer  will  see  to 
it  that  his  factory  is  equipped  with  machinery  that  will  give 
the  best  machines  a  chance  to  do  their  best  work. 

There  are  four  attributes  which  should  characterise  a 
cutting  tool :  (1)  Sufficient  hardness ;  (2)  sufficient  strength  ； 

(3)  ability  to  resist*  high  temperature  due  to  cutting  speed  ； 

(4)  resistance  to  wear .  Tho  word  hardness  is  not  very  well 
understood,  since  there'  s&ems  to  be  several  kinds  of  hardness. 
The  chief  of  these  are,  however,  abrasive  hardness  and  elastic 
hardness.  Thus  it  often  happens  that  the  scleroscope  which 
shows  the  elastic  hardness  will  indicate  a  greater  number  of 
degrees  for  a  substance  of  comparatively  low  abrasive  hard- 
ness than  for  on©  of  high  abrasive  hardness.  This  is  because 
a  substance  may  be  very  hard  and  at  tli©  same  time  not  very 
elastic,  though  usually  hardness  and  elasticity  accompany 
each  other. 

When  m-easured  by  abrasive  hardness,  stellite  tools  are 
perhaps  superior  to  all  others,  since  the  hardest  of  them  will 
scratch  almost  any  other  metallic  combination.  On  the  other 
hand,  they  are  usually  not  so'  elastic  as  steel  tools,  aud 
high-speed  steel  tools  are  less  elastic,  generally  speaking,  than 
carbon  steel  tools.  Nevertheless,  tli€"  high-speed  steel  tool  is 
sufficiently  elastic  and  sufficiently  strong  for  all  practical 
purposes,  and  is  usually  capable  of  working  at  far  greater 
speed  than  the>  carbon  steel  tool .  Likewise,  the  stellibe  tool 
is  sufficiently  strong  and  elastic  to  perform  it's  work  profitably 
and  expeditiously,  when  properly  installed  and  properly 
applied. 

It  is  obviously,  however,  only  in  those  cases  where  the 
cutting  operation  is  com paratively  long  and  the  time  of  change 
comparatively  short  that  a  high-speed  tool  can  show  its 
greatest  advantage.  Now  the  profit  on  a  given  piece  of  work  y 
other  things  being  equal,  depends  upon  the  difference  between 
its  cost  and  selling  price.  Even  a  small  increase  in  production 
without  increase  of  cosfc  may  result  in  a  large  increase  in 
profits.  Supposing,  for  example,  that  the  net  profit  on  a 
given  article  after  all  costs  are  paid  is  10  per  oent.  Now,  if 
by  some  means  10  p&r  cent,  more  product  can  be  made  for  the 
same  cost,  then  the  profits  have  increased  100  per  ceut.  and 
it  is  just  at  this  point  that  a  tool  of  high  efficiency  may  so 
greatly  increase  the  profits  of  a  concern  that  the  cost  of  the 
tool  becomes  insignificant.  Almost  every  other  method  of 
increasing  profit,  except  by  organisation,  calls  for  the 
investment  of  large  sums  of  money,  often  with  heavy  interest. 


charges  and  lack  of  dividends.  The  return  from  the  small 
tools  is  iminediate  aud  tangible. 

Perhaps  no  better  idea  can  be  gained  of  the  practical 
value  of  stellite  in  the  machine  shop  than  by  a  few  actual 
illustrations.  In  a  certain  factory  a  steel  tool  had  been  used 
for  cutting  off  gear  blanks  from  a  'Mn.  round  nickel  Mwl  bar. 
The  operator,  by  using  a  soap  solution  on  the  tool,  was  able 
to  cut  off  one  blank  in  8 A  minutes.  A  stellite  tool  was  sub- 
stituted for  the  steel  one,  and  lie  was  able  to  cub  off  a  blank 
in  just  a  little  over  4  minutes,  and  in  the  actual  day's  run 
he  cut  just  twice  the  number  that  could  be  cut  off  with  tlie 
steel  tool.  The  stellite  tool  cut  off  600  blanks  without  xegri rul- 
ing, while  the  steel  tool  required  grinding  several  times  per 
day.  In  the  same  factory  an  operator  was  able  to  turn 
60  pistons  per  day  with  a  steel  tool,  but  by  substituting  a 
stellite  tool  for  the  steel  one,  he  was  able  to  turn  from  90  to 
100  per  day.  These  pistons  were  afterwards  annealed  and 
tlien  a  finishing  cut  was  taken  from  each .  This  finishing  cut 
was  made  in  half  the  time  with  a  stellite  tool  than  was 
required  by  a  steel  one.  In  facing  engine  cylinders  a  large 
milling  machine  was  able  to  face  off  eight  cylinders  per  hour 
with  inserted  steel  tools.  The  steel  tools  were  replaced  with 
stellibe,  after  which  the  machine  faced  regularly  16  cylinders 
per  hour. 

Generally  speaking,  the  best  results  are  obtained  by  using 
stellite  for  comparatively  light  cubs,  moderate  feed,  and  high 
speed.  For  example,  a  stellite  tool  was  able  to  turn  a  piece 
of  tool  steel,  containing  125  per  cent,  of  carbon,  under  the 
following  conditions :  Depth  of  cut  ^in.,  reduction  of 
diameter  "n.，  feed  55，  surface  speed  180ft.  per  minute. 
During  this  process  the  point  of  the  tool  became  distinctly  red 
after  cutting  the  first  2in.，  and  remained  so  until  the  end  of 
the  cut,  which  was  about  Gin.  in  length.  Tlie  edge  of  the 
tool  was  not  injured  in  the  slightest  degree  by  this  overheat- 
ing. There  was  absolutely  no  measurable  loss  in  the  diameter 
of  the  bar.  The  turned  surface  was  very  smooth  and  unif')rm 
The  tool  used  in  this  operation  was  extremely  hard  and  rather 
brittle,  in  fact,  it  was  somewhat  difficult  to  grind  it  to  a 
smooth  edge,  so  a  whetstone  was  used  for  giving  smoothness 
to  the  cutting  edge.  It  seems  remarkable  t^at  the  tool  would 
hold  so  perfectly  while  cutting  the  steel,  and  it  is  probable 
that  its  edge  was  toughened  somewhat  by  the  increased  tempe- 
rature produced  by  the  turning. 

In  regular  practice  tools  are  now  made  nearly  as  hard  as 
the  tool  mentioned,  which  will  take  a  fairly  sharp  cutting  edge 
directly  from  the  emery  wheel.  There  was  some  difficulty  in 
the  beginning  due  to  the  likelihood  of  stellile  tools  breaking 
in  use.  This  has  been  largely  overcome :  (1)  By  increasing 
the  strength  of  the  metal  ；  (2)  by  making  sure  that  the  hoi© 
in  tlie  tool  holder  is  perfectly  smooth  and  uniform,  particu- 
larly on  the  bottom . 

Some  of  the  first  samples  of  fin.  square  stellite  tools  would 
stand  from  4001bs.  to  6001bs.  transverse  pressure  at  a  point 
lin.  from  the  holder.  They  are  now  required  to  stand  at  least 
l，0001bs.  under  the  same  test,  and  some  of  them  have  stood  as 
high  as  l，8001bs.  without  breaking.  In  fact,  the  breaking  of 
a  stellite  tool  is  now  becoming  very  unusual,  particularly  if 
proper  precautions  are  taken .  From  the  tests  recorded  above 
it  is  evident  that  very  great  pressure  can  be  sustained  at  the 
end  of  a  gin.  square  tool,  projecting  as  it  usually  does  only 
about  iin.  or  even  less  from  the  holder. 

It  should  be  distinctly  remembered  that  stellite  is  not  a 
steel  and  it  is  no  more  logical  to  call  it  by  this  name  than  to 
call  brass  or  copper  or  diamonds  steel.  Steel  is  a  compound 
of  iron  with  other  materials,  and  iron  is  always  the  pre- 
dominating and  essential  constituent  of  all  steels.  Stellibe  is 
composed  of  the  metal,  cobalt,  alloyed  with  other  substances, 
and  contains  no  iron.  The  name,  stellite,  is  derived  from  the 
Latin  word,  stella,  a  star  or  strewer  of  light,  and  has  no 
reference  whatever  to  the  word  steel.  It  was  given  this  name 
because  when  the  alloy  is  polished ,  it  retains  its  brilliant 
lustre  under  all  atmospheric  conditions. 

It  must  not,  therefore,  be  confused  with  the  90-called 
cobalt  steels,  which  are  alloys  of  iron  or  steel  with  cobalt  and 
other  metals.  My  own  experiments  liave  convinced  me  that 
the  introduction  of  iron  into  stellite  is  always  detrimental. 
The  stellite  machine  tools  cau  neither  be  forged  nor  hardened. 
If  they  were  affected  by  heat  they  would  lose  tlieir  hardness 
when  raised  to  a  liigh  cutting"  temperature.  Tf  they  could  be 
forged,  it  would  be  necessary  for  them  to  soft-en  at  a  high 
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temperature,  which  would,  of  course,  destroy  their  cutting 
edge.  Hence  they  are  cast  as  nearly  as  i>ossib】e  into  the 
dosired  form,  then  finished  by  grinding. 

( )\vino-  to  the  comparatively  expensive  materials  used  in 
making  si-el  lite,  its  cost  is  considerably  higher  than  even  tlie 
highest  priced  liigh-s^)eed  steel.  In  some  cases,  for  example, 
in  turning  liard  cast  iron  with  a  §in.  square  bit,  it  has  been 
found  in  actual  practice  that  the  stellite  tool  costs  1  Jd. 
per  day,  while  the  steel  tool  doing  only  half  the  work  costs 
3d.  per  day,  the  wear  on  the  steel  tool  being  more  than 
ten  times  as  great  as  on  the  stellite  tool.  But  even  if  the  cost 
of  t  he  stellit-e  tool  were  four  or  five  times  as  great  per  day 
as  t  hat  of  tlie  steel  one,  there  are  numerous  instances  in  which 
it  would  pay  well  to  use  the  sbellite. ― "  The  Iron  Ago." 


PROCESS  FOR  WORKING  FOUR-STROKE  GAS  ENGINES. 

A  patent  recently  granted  to  Messrs.  Ehi'liardi  &  Se'limer,  of 
Saarbrucken,  Germany,  relates  to  a  process  for  working  four- 
stroke  cycle  internal-combustion  engines,  in  which  water  is 
injected  into  the  compression  chamber  during  the  compression 
period,  in  order  to  cool  the  com  pressed  mixture  and  to  lower 
the  pressure  at  the  compression  end.  The  injecting  of  water 
is  in  itself  known.  Tims,  for  instance,  processes  have  been 
described  in  which  water  is  injected  into'  the  cylinder  during 
the  compression  stroke.  This  was  done  however  less  for  tlio 
purpose  of  reducing  the  pressure  at  the  compression  end  than 
for  reducing  the  explosion  temperature  and  thus  protecting 
the  cooling  jacket.  Processes  for  increasing  tlie  output  by 
means  of  compressed  air  scavenging  and  compressed  air 
charging  are  also  known.  The  invention  combines  these 
known  processes  to  create  a  new  process  which  produces  new 
effects.  It  is  also  known  to'  spray  water  into  the  cylinder 
during  the  suction  stroke  in  four-stroke1  cycle  engines  which 
are  scavenged  and  cliarged  with  compressed  air,  in  one'  case 
mixed  with  the  fuel,  in  quantities  varying  with  the  speed  of 
tlie  engine  ；  but  in  such  cases  it  was  difficult  to  obtain  com- 
plete vaporisation  of  the  water,  so  that  only  a  slight  oooling 
was  ol)tained.  Moreover,  tlie  presence  of  condensed  or  \u\- 
vaporised  water. in  the  cylinder  caused  mechanical  difficulties. 
When  tlie  water  is  injected  during  Hie  rompressioti  stroke,  as 
in  the  new  process,  the  compression  temperature  lias  risen 
above  the  vaporisation  temperature  of  water  so  that  the  wliole 
of  the  injected  water  is  immediately  vaporised .  Thus,  it  is 
claimed,  no  water  can  bo  present  in  the  liquid  form  in  the 
cylinder,  while  the  contents  of  the  cylinder  are  cooled  in  strict 
proportion  to  the  amount  of  water  supplied.  AVith  the  new 
process  the  parts  of  the  driving  gear  do  not  require  any 
strengthening,  as  the  explosion  pressures  remain  approximately 
the  same  at  all  loads.  The  increase  of  weight  of  the  charge 
does  uot  necessitate  any  increase  of  the  charging  space,  and  in 
that  way  all  the  advantages  of  compressed  air  scavenging  and 
compressed  air  charges  of  all  engines  are  fully  retained .  Tlie 
process  is  carried  out  by  increasing  the  quantity  of  water 
injecied,  witli  the  increasing  output  of  the  engine,  that  is  to 
say,  with  tlie  increase  of  the  pressure  of  the  charge  introduced 
during  the  suction  stroke.  In  spite  of  the  increasing  weight 
of  the  charge,  the  compression  line  will  not  be  higher,  but  will 
remain  approximately  tlie  same,  or  even  sink.  Without 
changing  the  compression  chamber,  this  combined  process 
gives  an  approximately  constant  explosion  pressure.  The 
process  for  increasing  the  output  by  means  of  compressed  air 
charging  and  scavenging  can  then  be  applied  in  old  engines 
without  altering  the  compression  chamber. 


Boiler  Shop  Plant.— At  a  meeting  of  the  Glasgow  and  West  of 
Scotland  Association  of  Foremen  Engineers  and  Draughtsmen, 
recently  held  in  Glasgow,  a  paper  on  "  Bailer  Shop  Plant  " 
was  read  hy  Mr.  John  C.  Wylie.  He  gave  briefly  a  com- 
parison of  different  types  of  equipment  for  the'  power-house, 
with  the  relative  cost  of  the  installations.  The  various 
machines  and  plant  utilised  in  different  stages  of  boiler  con- 
struciion  were  dealt  with  and  comparisons  made  between 
alternative  methods.  The  extended  use  of  the  oxy-aoetylene 
processes  of  welding  and  cutting  was  advocaied  for  work  in 
which  structural  strength  was  not  a  primary  consideration . 
Air-compressing  machinerv  and  pneumatic  tools  were  also 
ronsiderecl  in  tlieir  relation  to  boiler  work.  The  pa]>er  was 
illustrated  by  slides  showing  typical  machines  by  a  miml)er  of 
loading  Tiiarhine  tool  makers. 


HINDLEYS  ENCLOSED  INTERNAL-COMBUSTION  ENGINE. 

We  illustrate  herewith  an  arrangement  of  intern al-rf>in)nist  ion 
engine,  the  invention  of  Messrs.  Hindley  &  Sons,  Bourton, 
Dorset,  in  which  the  whole  of  tho  working  parts  are  enclosed. 
The  base  A  is  formed  of  one  hollow  casting  which  provides  a 
chamber  to  receive  the  crank  shaft  and  associated  mechanism, 
and  manholes  are  provided  to'  permit  access  to  the  interior  of 
the  base.  A  removable  end-plaie  is  also'  provided  at  one  end 
and  through  this  tlie  crank  shaft  extends,  and  on  such  extend- 
ing portion  is  mounted  the  flywheel.  Secured  on  the  base  is 
the  cyliiidef  section  C  within  which  are  the  cylinders  sin - 
rounded  by  a  water-jacket  space.  The  outer  walls  of  this 
seel  ion  are  (*;in  ie<]  out  on  all  sides  t-o  nie-ei  and  fall  in  lino 
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the  general  contour  of  the  walls  of  the  base  A  and  enclose 
the  valve  mechanism  D.  On  this  section  faced  lugs  are  pro- 
vided at  t  he  points  where  the  inlet  and  exhaust  passages  are 
carried  out  to  the  surface'  of  the  casing,  and  to  these  lugs 
connection  is  made  for  the  conduits  for  the  gas  or  explosive 
mixture,  and  for  the'  exhaust  respectively.  Secured  to  the 
top  of  section  C  is  a  cap  F  which  fits  over  tlie  cylinder  heads 
and  is  secured  by  bolts.  This  cap  is  domed  at  the  top  and 
tli-e  sides  are  shaped  to  lie  flush  with  and  constitute  continua- 
tions of  the  walls  of  the  section  C.  The  casing  is  made 
sufficiently  large  io  accommodate  the  governor  and  ignition 
nieclianisjii . 


High-speed  Steel  Alloys. ―  A  lecture  on  "  Some  Notes  on  tlie 
Theory  of  Tungsten  and  Molybdenum  Steels,"  was  recently 
delivered  by  Mr.  Thomas  Swinden,  D.Met.,  before  the 
Sheffield  Engineers  and  Metallurgists  Society.  The  importance 
of  this  subje€fc，  the  lecturer  remarked,  would  be  realised  when 
it  was  remembered  that  tungsten  and  molybdenum  formed  the 
chief  active  alloys  in  high-speed  steels.  Very  little'  work  had 
been  done  to  arrive'  at  a  definite  theory  to  explain  the  action 
of  these  elements  by  virtue  of  whicli  high-speed  tool  steel 
could  he>  worked  until  the  nose  of  tlie  tool  was  at  a  dull  red 
heat,  without  losing  its  properties  of  cutting  metal.  The 
lecturer  dealt  with  two  series,  viz.,  pure  tungsten  steels  and 
pure  molybdenum  steels.  A  considerable  amount  of  data  was 
presented  by  means  of  heating  and  cooling  curves,  which 
revealed  the  temperatures  at  which  the  physico-chemical 
changes  within  the  steel  took  place,  accompanied  by  tests  of 
electrical  resistivity,  analysis  of  separated  carbides,  and 
microscopic  examination  of  heat-treated  specimens.  He  con- 
tended that  theories  based  on  th©  existence  of  a  carbide  of 
molybdenum  were  not  borne  out  by  experiment -，  and  suggested 
a  hypothesis  that  tlie  carbon  existed  as  iron-carbide  in  the 
annealed  steels  with  molybdenum  probably  existing  as  a  solid 
colloid al  solution  of  an  iron-molybdenum  compound  of  iron . 
Bv  heating  the  steel  to  beyond  a  certain  minimum  tem- 
peratm'e,  the  state  of  existence  of  molybdenum  was  changed 
in  such  a  manner  as  to  suggest  it's  being  present-  as  a  simple 
solid  solution  of  the  iron-molybdenum  compound  in  iron.  It 
was  tlie.  solution  of  carbon  in  tins  matrix  which  had  the  ro- 
niarl\al)le  properties  so  well  known  in  high-speed  steel. 
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THE  USE  OF  OIL  FUEL  IN  MARINE  BOILERS.* 

BY  JAMKS  S.  GANDER. 

(Concluded  from  page  47.) 

f/ir  Dirrrf-prrssurr  N//.s/r///.— With  the  invention  of  Kiirt- 
ing's  burner,  many  years  ago,  begins  the  era  of  the  direct* 
pressure  burner.  A  drawing  of  this  burner  is  shown  in 
pis.  3.    Shortly  after  a  successful  dii'edpressure  system  was 


Vic.  3. 
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invented  by  Mr.  R.  A.  Meyer,  and  was  installed  in  the 
vessels  o\'  tlie  Koninklijke  Paketvaart  Maatschappij,  of  which 
company  Mr.  Meyer  was  at  that  ti 麵 the  superintendent 
engineer.  The  direct-pressure  system  is  so  called  because  the 
fuel  is  injected  into  the  furnace  by  pressure  from  a  fuel  pump 


Those  pumps,  of  wliicli  only  one  is  worked  at  a  time,  draw  the 
oil  direct  tr。m  the  l)iinkers  or  the  separation  tanks  through 
a  suction  heater,  and  discharge  tlnovigh  a  delivery  heater  and 
filter  to  tlu*  burners.  With  the  Meyer  system,  which  is  pro- 
bably tlie  most  up-to-date  and  economical  direct-pressurf* 
system,  the  filters  and  heaters  are  in  (lupl"'ato，  and  are 
arranged  to  run  separately  or  in  couple,  as  desired.  It  is 
advisable  to  change  over  the  pumps  every  week,  just  as  、、"'"l'l 
be  done  in  the  case  of  any  duplicate  pump,  to  keep  botli  in 
thorough  working  order.  Suction  and  pressure  gauges  are 
fitted  to  the  pumps,  and  a  large  air  vessel  maintains  regularity 
of  pressure. 

Steam  for  the  heaters  is  supplied  from  exhaust  of  the 
pumps  or  direct  from  the  auxiliary  steam  line,  and  tho 
exhaust  from  the  heater  may  pass  through  a  separate  coil  in 
the  main  condenser  or  through  a  small  auxiliary  condenser 
circulated  from  the  main  pumps.  The  condensed  water  is  led 
to  an  open  tank  divided  into  separation  compartments,  so 
that,  in  the  event  of  any  oil  being  present  in  the  water,  it  is 
not  possible  for  such  oil  to  enter  the  feed  supply.  Leaving 
this  tank,  the  water  is  led  to  the  main  feed  tank.  Tlie  filters 
for  an  installation  of  this  type  are  about  4ft.  in  length ― a 
brass  frame  covered  with  cop'per  gauze  of  about  30  mesh. 
Under  normal  conditions  the  filters  may  be  safely  run  for  a 
fortnight  before  changing  over  to  the  duplicate.  Tlie  heater 
coils  should  be  cleaned  every  three  months,  and  more  oft«n 
if  water  has  been  present  in  the  oil,  as  this  tends  to  form  a 
slight  scale  at  the  bottom  of  the  coils  which  reduces  their 


Typical  Donkey  Boiler  Installation,  showing  Complktf.  Oil  Fuel  System  for  Two  Cochran  Hoitj 


through  a  burner  which  is  pierced  at  the  end  by  a  very 
minute  hole.  The  fuel  is  heated  and  filtered  before  it  arrives 
at  the  burner.  Fi^.  4  shows  a  simple  arrangement  suitable 
for  a  donkey  boiler.  As  in  the  steam  with  oil  system ,  the 
same  precautions  must  be  observed  with  regard  to  cleanliness 
of  bunkers  before  loading  and  elimination  of  possible  water 
afterwards.  The  oil  being  fed  from  pumps,  there  is  no  need 
for  a  gravitation  tank,  but  a  tank  should  be  supplied  for  the 
separation  of  water  from  the  oil ― this  is  not  an  absolute 
necessity,  but  a  decided  advantage. 

The  pumps  controlling  the  fuel  pressure  and  supply  are 
situated  in  the  engine-room  convenient  to  the  front  platform. 

， Paper  read  before  the  Institute  of  Marine  Engineers,  December  15th,  1913. 


heating  effect.  The  construction  of  heaters  and  filters  is  such 
that  the  operations  of  examination  and  cleaning  are  easily 
and  quickly  effected.  The  heaters  should  be  fitted  with  small 
drain  cocks,  as  it  is  in  this  part  of  the  system  that  we  can 
thoroughly  eliminate  any  trace  of  water  in  the  fuel. 

With  the  direct-pressure  system  it  is  very  necessary  to 
drain  off  water  and  filter  the  oil  before  it  passes  to  the 
burners.  If  proper  attention  be  given  to  this  matter  no 
trouble  will  be  given  by  burners  choking  or  by  defective  com- 
bustion in  the  presence  of  water.  It  is  remarkable  how  long 
these  burners  will  run  without  attention  and  cleaning,  when 
we  consider  that  the  orifice  is  so  small  that  little  more  than 
a  pint  passes  through  in  one  minute  under  a  pressure  of  301bs. 
per  square  inch.     A  special  needle  is  supplied  for  cleaning 
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the  orifice  in  the  burners,  and  a  testing  apparatus  enables 
the  engineer  to  test  the  burners  before  fitting  them  in  position 
on  the  furnace.  The  simple  attachment  of  burners  to  the 
distribution  boxes  renders  the  matter  of  cleaning  or  renewing 
a  very  easy  job.  The  triple  thread  which  is  cut  at  the  end 
of  the  internal  needle  imparts  a  spiral  motion  to  the  passing 
oil  which  tends  to  keep  the  orifice  scoured  and  also  assists 
in  the  atomisation. 

The  temperature  at  which  the  oil  will  give  the  most  econo- 
mical results  depends  upon  its  nature  and  gravity.  An 
average  mixture  of  fuel  oil  will  require  to  be  heated  to  about 
160°  Fah.,  Tarakan  crude  to  about  120°，  and  some  of  the 
heavier  European  residue  to  as  much  as  240°.  All  other 
things  being  equal,  the  correct  adjustment  of  temperature  and 
pressure  are  most  important  items  in  the  efficient  working  of 
tlie  direct-pressure  system .  This  is  a  very  simple  matter.  If 
the  oil  be  too  cold  the  spray  will  enter  the  furnace  without 
igniting,  if  too  hot  the  same  will  ignite  as  it  leaves  the  orifice. 
With  tTie  correct  temperature  the  flame  should  appear  at  little 
more  than  lin.  from  the  burner.     The   best    results  are 
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Fig.  5.— Meyer  System  for  Burning  Oil  Fuel  (First  Type). 


obtained  with  a  fuel  pressure  of  from  301bs.  to  401bs.  The 
colour  of  the  flame  gives  the  same  indications  as  in  the  steam 
and  oil  system.  With  double-ended  stokeholds,  and  con- 
sequently long  leads  of  fuel  pipes,  a  small  additional  heater 
may  be  fitted  to  the  fuel  line  most  remote  in  order  to  main- 
tain an  equal  temperature  to  all  the  supply.  If  the  piping 
is  so  arranged  so  that  an  efficient  circulation  of  the  fuel  takes 
place  this  is  not  necessary . 

The  construction  of  the  furnace  fronts  and  the  air  rings 
are  a  distinguishing  feature  of  the  Meyer  system,  and  a 
description  of  the  first  type  will  enable  the  recent  improve- 
ments in  the  latter  to  be  more  readily  appreciated.  "  In  u\e 
front  ring  (Fig.  5)  of  the  furnace  is  fitted  an  annular  ring  B 
fitted  with  metal  strips  C  secured  edgewise  upon  and  around 
its  external  surface  so  as  to  traverse  it  longitudinally,  an 
interval  space  being  left  between  each  strip.  These  spaces 
form  air  channels  to  conduct  the  air,  which  is  heated  by  the 
fuel  burning  inside  the  ring.  To  delay  the  incoming  air 
more  or  less  in  these  channels,  so  as  to  give  it  ample  oppor- 
tunity to  receive  the  heat,  the  strips  are  arranged  so  as  to 
traverse  the  perimeter  spirally.  The  ring  is  made  in  two  or 
more  short  lengths,  so  as  to  facilitate  its  manufacture,  the 
different  lengths  being  kept  somewhat  apart,  thus  forming 
circular  openings  through  which  part  of  the  air  enters  and 
ignites  the  fuel  inside  the  apparatus.  The  rest  of  the  air 
comes  in  contact  with  the  fuel  on  emerging  from  the  end  of 
the  channels  D.    The  annular  space  formed  by  these  channels, 


by  which  the  air  enters  at  the  stokehold  side,  is  provided  with 
a  suitable  damper,  properly  guided  and  rendered  adjustable, 
so  that  the  amount  of  air  entering  can  be  nicely  regulated  - 
Inside  the  annular  part  of  the  arrangement  for  air  inlet  the 
conductor  ring  is  closed  at  the  stokehold  side  by  the  cover  G， 
which  is  made  in  two  pieces,  the  fixed  part  carrying  the 
injectors,  the  loose  part  giving  opportunity  for  inside  inspec- 
tion of  the  furnace/'  Fig.  5  shows  the  brickwork  arrange- 
ment for  this  type.  Special  attention  should  be  paid  to  the 
removal  of  carbon  deposits  from  the  brick  ring,  and  a  light 
slice,  as  described  previously,  should  be  employed.  Too  heavy 
a  slice  in  the  hands  of  a  careless  operator  may  destroy  parts 
of  the  brickwork.  For  the  regulation  of  fuel  temperatures 
thermo-pockets  are  fitted  in  the  pipes  at  the  heaters,  and  on 
each  furnace  front.  The  temperature  can  be  raised  or 
decreased  all  round  the  system  in  a  few  minutes.  Before 
lighting  up,  the  oil  should  be  circulated  round,  furnace  front 
dampers  opened  a  little,  and  the  fires  ignited  at  the  tem- 
perature wliich  previous  experience  of  a  similar  grade  of  fuel 
advises. 

The  direct-pressure  system  on  the  Meyer 
principle  has  quite  recently  been  greatly  im- 
proved. Formerly,  the  furnace  fronts  were 
of  the  heavy  cast-iron  type,  and  were  some- 
what cumbersome  when  changing  from  coal 
to  oil,  or  vice  versa.  These  are  now  made  of 
sheet  steel  of  an  improved  design,  with  the 
result  that  the  operation  of  changing  over  is 
greatly  simplified.  The  new  type  (Fig.  6) 
embodies  all  the  advantages  of  the  old,  the 
incoming  air  is  heated,  and  has  a  rotary 
motion  imparted  to  it  by  the  retarding  vanes. 
To  carry  out  the  idea  of  reducing  weight  to 
a  minimum,  the  clamper  construction  has 
been  simplified  and  the  internal  vanes  in  tliis 
part  dispensed  with.  The  initial  heating 
effect  on  the  air  supply  may  possibly  be  less 
with  tlie  new  type  of  front  than  with  the 
old,  but  this  is  compensated  for  by  the  im- 
proved and  accelerated  rotary  motion 
obtained.  In  the  writer's  opinion,  apart 
from  the  question  of  the  reduction  in  weight, 
tlie  chief  advantage  of  the  new  furnace  front 
lies  in  the  fact  that  the  incoming  draught 
is  directed  by  the  conical  inside  baffle  and 
enters  the  furnace  about  the  centre,  and 
not  at  the  sides.  In  practice  the  flame 
appears  to  cover  and  enwrap  the  whole  cir- 
cumference of  the  furnace,  and  by  admitting 
the  heated  air  at  a  point  near  the  centre  of 
the  furnace  instead  of  at  the  sides,  as  in  the 
old  type,  contact  of  cool  air  with  furnace 
sides  is  rendered  impossible. 
With  the  new  system,  or  the  Meyer-Smith  system,  as  it 
appears  to  be  called,  certain  changes  have  been  made  in  the 
construction  of  the  burner.  In  the  'old  type,  shown  in  Fig.  5 
the  needle  was  not  adjustable,  the  quantity  of  oil  passing 
depending  entirely  on  the  diameter  of  the  orifice  and  the  fuel 
pressure.  With  the  latest  type  of  burner  an  external  thread 
is  cut  on  the  triple  thread  at  the  end  of  the  needle,  and  bv 
turning  the  small  handwheel,  which  is  fitted  to  the  other 
extremity,  the  needle  may  be  advanced  towards  or  with- 
drawn from  the  orifice.  This  operation  alters  the  shape  of 
the  spray.  Once  the  correct  shape  is  struck ― a  matter  of  a 
few  seconds ― the  needle  is  left  in  that  position.  An  impor- 
tant addition  also  to  this  burner  is  the  small  filter  which  fits 
over  the  needle  and  arrests  any  impurities  which  may  have 
passed  the  main  filters.  With  the  Meyer-Smith  system  the 
furnace  brickwork  is  dispensed  with.  The  only  brickwork 
used  with  this  system  is  the  back-end  wall  at  the  neck  of  the 
furnace,  which  limits  the  area  of  the  opening  to  the  com- 
bustion chamber  and  protects  the  adjacent  seams,  and  the 
usual  wall  around  the  combustion  chamber  to  cover  stay  nuts 
and  seams.  Comparing  the  Meyer  with  the  Meyer-Smith 
system,  the  latter  possesses  the  following  advantages  ：  Quicker 
handling  of  the  furnace  fronts  in  changing  from  coal  to  oil  ； 
improved  rotary  motion  imparted  to  the  fires;  dampers  more 
convenient  of  adjustment;  cheaper  first  cost  and  renewals 
(according  to  makers'  claims). 

The  oil  fuel  may  be  burnt  with  tlie  ordinary  coal  fittings 
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in  position,  with  forced  or  natural  draught,  on  tlio  Zulver 
system.  This  method  was  introduced  by  Mr.  C.  Zulver,  wlio 
has  installed  this  system  in  some  of  the  vessels  under  liis 
superintendence,  with  remarkably  economical  results.  The 
burners  used  are  of  tlie  ordinary  Korting  or  Meyer  iy\n\  \n\l 
are  somewhat  longer  for  forced  than  for  natural  draught  in 
order  to  bring  the  orifice  of  the  burner  to  the  correct  position 
with  regard  to'  tlie  furnace  mouth.  A  further  point  in  favour 
of  this  system  is  tlie  fact  that  the  same  heating  area  is  used 
for  coal  as  for  oil  burning,  and  ifc  is  especially  suitable  for 
boilers  with  furnaces  of  large  diameter,  where  some  difficulty 
might  be  experienced  in  getting  the  whole  area  of  tlie  furnace 
to  act  as  a  heating  surface.  Although  the  heat  may  be  said 
to  be  to  some  extent  looal,  yet  it  is,  to  coin  a  paradoxical 
term,  locally  distributed.  Figs.  7  and  8  show  the  arrange- 
ment, and  the  simple  manner  in  which  the  change  from 
coal  to  oil,  or  vice  versa,  can  be  effected  under  these  con- 
ditions. It  is  convenient,  as  the  labour  of  replacing  firebars, 
&c.，  is  saved.  By  adopting  this  method  a  vessel  could  be 
converted  in  a  few  hours.  On 
the  s.s,  "  Havre  ，，  the  system  has 
been  changed  from  oil  to  coal 
burning  in  two  hours. 

When  burning  oil  with  forced 
draught  the  fan  should  be  run  as 
low  as  possible  consistent  with 
good  combustion,  otherwise  heat 
is  being  blown  up  the  funnel. 
With  forced  draught,  as  with  any 
other  fuel  system,  it  is  always 
possible  to  run  without  smoke.  It 
is  good  practice  to  obtain  a  slight 
smoke  at  the  funnel  with  both 
the  steam  and  the  forced-draught 
systems.  In  the  first  case  we  are 
not  wasting  steam,  and  in  the 
second  not  using  too  much 
draught.  A  water  column  of  |in. 
to  5 in.  in  the  ashpit  gives  good 
results,  but  each  vessel  has  its 
own  peculiarities,  and  the  best 
pressures  must  be  obtained  by 
trial.  The  usual  fuel  pump  pres- 
sure would  be  from  351bs.  to 
451bs.，  depending  on  the  fuel.  As 
shown  in  the  diagram,  the  firebars 
are  bricked  over,  with  the  excep- 
tion of  a  strip  at  the  front  end 
through  which  the  draught  passes 
upwards  from  the  ashpit.  The 
addition  of  a  small  retarding 
block  placed  about  2ft.  from 
the  furnace  neck  effects  a  slight 

economy  in  some  cases.  Observation  mica  discs  enable  the 
state  of  the  fire  to'  be  examined  without  losing  draught.  A 
small  door  is  fitted  to  the  furnace  door  to  allow  of  the 
insertion  of  the  carbon  slice.  As  there  is  no  occasion  to  open 
the  firedoor  it  is  made  air-tight  with  asbestos  putty  and 
clamped  up.  The  burners  are  asbestos  packed  where  they 
enter  the  doors,  and  cleaning  is  easily  effected  by  means  of 
the  plug  at  the  back  without  removing  the  burners  from  the 
doors.  As  in  all  forced-drauglit  jobs,  the  vertical  air  heating 
tubes  should  be  periodically  examined  and  cleaned. 

In  an  oil-burning  vessel  there  is  sometimes  a  tendency  to 
allow  the  smoke  tubes  to  run  a  considerable  time  before  sweep- 
ing. Although  the  quantity  of  soot  found  after  a  long  run  is 
very  minute  when  compared  to  that  which  may  be  expected 
from  a  coal-burning  job,  yet,  as  the  insulating  properties  of 
oil  soot  appear  to  be  slightly  greater  than  those  of  coal  soot, 
it  is  good  practice  "to  clean  the  tubes  once  a  month. 

With  the  direct-pressure  system  of  the  Meyer  type,  when 
no  steam  is  available  for  starting  fuel  pumps,  it  is  necessarv 
to  inject  the  fuel  at  the  commencement  with  a  small  hand 
pump ― usually  a  hand  lever  is  fitted  to  the  motion  arm  of 
the  ordinary  fuel  pump ― and  the  oil  passes  through  a  coil 
heated  by  a  kerosene  blow-lamp  or  burner.  This  very  seldom 
happens,  as,  in  tlie  case  of  all  fires  being  out  of  action,  shore 
steam  or  compressed  air  is  generally  supplied  to  can  v  on  tlie 
ordinary  work  of  the  engine-room .     With  the  steam  with  oil 


system  and  no  steam  or  compressed  air  from  oxtornal  、',mv' ， 
available  for  starting,  the  oil  is  sprayed  on  to  a  small  wood 
fire  inside  the  furnace  by  tlie  force  of  its  own  gravitation 
In  this  respect  the  direct-pressure  system  is  preferable. 

When  raising  the  temperature  of  the  fuel  oil  on  <Iir*M-i 
pressure  systems  the  exhaust  valve  of  the  heating  coils  should 
not  be  opened  too  mucli  if  it  is  required  to  lieat  the  oil  to  a 
high  degree.  If  the  valve  be  almost  shut  clown  tlio  |,n'ssm(' 
in  the  coils  will  be  nearly  the  same  as  the  initial  supply,  w i 1 1 1 
a  correspondingly  lii^h  k'm|"'nit  lire,  and  t  ho  Iifat  int;  | 
can  then  be  regulated  by  the  amount  of  opening  of  t  he  st'  -'uii 
valve.  On  the  other  hand,  if  the  exhaust  be  too  much  open 
tlie  pressure  in  the  coils  will  bo,  nearly  the  sarin*  as  t  liat  ol' 
the  exhaust  line,  or  almost  atmospheric,  witli  a  tern|>f*rat  urc 
which  will  not  serve  to  heat  the  oil  beyond  200°  Fah.  In 
extremely  cold  climates  and  with  heavy-grade  fuel  a  lit t lo 
difficulty  may  arise  owing  to  the  thickening  of  the  fuel  intf* r- 
fering  with  the  working  of  the  pump.  This  is  provi«lc<l 
against  by  the  addition  of  a  small  heating  coil  to  each  of  <  lie 


Fig.  6. ― The  New  "  Meyer-Smith  '，  Patent  Ftjrxace  Front  for  Oil  Fuel. 

A,  circular  sliding  damper  controlling  air  supply  through  inner  heating  passages  C.  B,  circular 
sliding  damper  controlling  air  supply  through  outer  heating  passages  I).  (\  air  passages  with  spiral 
v«anes  for  heating  and  imparting  rotary  motion  to  air  entering  furnace  to  ensure  complrt"  mixinu' 
with  oil  spray.  D，  outer  air  supply  and  heating  passages.  E，  steel  plate  cone  to  form  heating  passage 
and  direction  plate.  F,  flat  steel  extension  plate  to  fit  furnace  mouth.  O,  front  plate  of  fiirn:i' ， ' ' 
which  burner  boxes  ani  lixod.  H，  observation  and  lighting- up  door.  J,  hvinu-is  (  。"ipli't<'  with  uun- 
nietal  distribution  box. 

suctions  in  the  bunkers,  so  that  when  occasion  arises  a  little 
steam  may  be  passed  through,  which  has  the  effect  of  raising 
the  temperature  of  the  surrounding  oil. 

The  previous  remarks  with  reference  to  cleanliness  of 
bunkers,  separation  of  water,  and  efficient  filtrations,  apply 
to  all  modern  oil-burning  systems  as  well  as  to  the  steam  with 
oil  system,  under  which  heading  they  were  included.  The 
steam  burner  and  other  similar  types,  having  a  large  opening 
for  fuel  with  a  low  velocity,  are  much  less  sensitive  to  the 
presence  of  water  or  impurities. 

Much  has  been  said  at  various  times  with  regard  to  tlio 
supposed  risk  attending  the  consumption  of  oil  fuel  in  mariiio 
boilers.  Although  it  is  recognised  in  these  days  that  oil  fuel 
is  a  perfectly  safe  factor  for  the  generation  of  steam,  the  safe- 
guards against  possible  accidents  are  very  thorough.  Anions 
these  are  the  following  :  (a)  Ash  cocks  are  fitted  with  lengthen- 
ing rods  so  that  they  may  be  operated  from  the  deck  or  tlie 
stokehold  ；    (b)  sand  boxes  are  provided  in  each  stokehold  ； 

(c)  water   hoses   are   in  readiness  in  prominent  positions  ； 

(d)  the  steam  supply  to  fuel  pumps  can  be  shut  from  the  deck 
or  below  ；  (e)  regular  inspection  and  the  washing  of  stokehold 
plates  each  watch. 

Experiments  show  that  water  is  infinitely  more  efTertivo 
than  any  other  practicable  agent  in  the  quenolnnp;  of  burning 
oil  fuel.  It  immediately  lowers  the  t^mjieraturo,  with  the* 
result  that'  the  fuel  can  no  longer  burn.    In  an  experience  of 
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five 'years  of  continuous  oil-fuel  burning  the  writer  lias  not 
seen  a  fire  occur  ；  it  is  simply  a  matter  of  the  observance  of 
onlinary  precautions. 

Comparing  the  steam  with  oil  and  the  direct-pressure 
system,  the  advantages  are  greatly  in  favour  of  the  latter, 
especially  for  marine  purposes.  Although  the  steam  system 
is  very  simple  and  easily  worked  by  firemen  of  average  intelli- 
gence, and  the  cost  of  installation  must  be  comparatively 
small,  yet  the  direct-pressure  system  is  far  more  economical 
of    fuel.    Of   direct-pressure   systems  the  Meyer-Sinitli,  hy 


have  been  able  to  observe,  there  is  a  decided  economy  over  the 
older  type  of  furnace  front,  although  the  advantages  of  the 
new  pattern  burner  are  not  yet  so  apparent  in  some  vessels 
as  might  be  expected. 

S.S.  "  Donax." 

1*111  ticufu  is  of  (Jim J  nuns  taken  on  passage  from  Knstondjr  i<t 

Ah  .niiuh  'ui,  (h  tohrr  19th }  1913. 
I)i:mu't,'r  oi.  cylinders:  H.P.  L?5in.,  M.P.  41in.，  L.P.  GGin.,  Stroke 

45iii.,  Kxpansion  H  P.  27in.,  M.P.  27in.,  L.P.  24in. 
Prcssmvs:   H.]>.  1771l)s.,  ,M.I).  oHIhs.,  L.P.  lolbs.,  Vacuum  2;V,in. 


Fig.  7.— Zulveu's  Fuhnact^  Arrange 


FOR  BURNING  LTQUTD  FUEL  AND  COAL.     NATURAL  DRAUGHT. 


reason  of  the  recsnt  improvements  which  have  been  mentioned 
before,  appears  to  hold  the  foremost  place  for  economy  and 
convenience. 

Speaking  from  the  practical  standpoint  of  the  marine 
engineer,  the  following  advantages  are  obtained  from  the  use 
of  oil  fuel :  (a)  The  quantity  of  bunkers  received  can  be 
accurately  ascertained  very  quickly.  Tallying  while  taking 
bunkers  no  longer  necessary.  No  trimming,  (b)  No  cleaning 
of  fires  required ― therefore  no  currents  of  cold  air  enter  the 
furnace  which  may  cause  damage.  (c)  Full  and  regular 
steam  can  be  maintained  without  any  trouble  in  all  climates, 
(c/)  Steam  is  under  perfect  control.  On  receiving  an  order 
by  telegraph  the  engineer  can  increase  or  decrease  the  steam 
supply  to  the  fuel  pump  without  leaving  the  engine-room,  (e) 


Pitch  of  Propeller  :  16ft.  l^in. 
Speed  of  Screw  :  11  knots. 
Slip:  3'8. 

Revolutions  per  mile :  377*7. 
Speed  of  ship  :  10"6  knots. 
Rovoiiitions  per  minute  :  70. 
Main  stop  valves,  full  speed .    Throttlo  valve,  full  open . 
I.H.P.     590  H.P. 
，，       520  M  P. 
，，       652  L  P. 

Total  I.H.P.  1,762 
Oil  per  day,  i  7  tons.    Pounds  por  i.li.p.  per  lionr,  *89  lb. 
( )ii;.liby,  good  Konmnnian. 

Pounds  per  i.h.?j.  per  hour ― Propelling  power, 

Temperatures Sea  70°.    Air  65°.    Feed  216°.    Discharge  118°. 


Section  at  AB. 


Fig.  8. 


Front  Elevation. 
-Zulver's  Furnace  Arrangement 


Longitudinal  Section. 

BURNING  LIQUID  FUEL  UNDER  FORCED  DRAUGHT. 


More  perfect  combustion  with  oil  than  with  coal,  hence  greater 
calorific  efficiency,  (f)  The  engineer,  if  necessary,  is  indepen- 
dent of  his  firemen.  (ff)  The  boiler  tops,  bilges,  and  all 
engine-room  and  stokehold  spaces  can  be  kept  in  an  absolutely 
clean  condition,  and  there  is  no  smoke  or  fumes  to  discolour 
paintwork,  or  ashes  to  choke  bilges.  (h)  Combustion  not 
affected  by  heavy  weather.  At  times  when  coal  firing  might 
become  impossible  the  oil -burning  vessel  can*  carry  on  as 
under  normal  conditions,  and  the  bilges  are  always  clear  in 
the  event  of  a  wash-out.  (i)  If  worked  in  an  intelligent 
manner  oil  fuel  is  practically  smokeless. 

Comparing  the  systems,  it  is  apparent  that  the  most  econo- 
mical appears  to  be  the  Zulver  system,  with  forced  draught,  so 
far  as  practical  and  reliable  data  are  obtainable  at  the  present 
moment.  Reliable  data  with  reference  to  the  latest  Meyer- 
Smith  system  have  not  yet  been  formulated,  but,  so  far  as  we 


Hooter     2°.    Stroke  AVeir'; 


Air  in  trunks  2in.    Air  below 


Hot  well  126。.    Condenser  135° 
Pump  8  per  minute. 
Fan  Engine :  Revs,  per  minute  298. 
bars  ^in. 

Fuel  Plant :  Temperature  of  Oil  190°-200°.    Pressure  60-701bs. 
Smoke  Light  Haze.    Weather,  <fec.     Wind  N.E.  moderate.  Sea 

moderate.    Barometer  29.92.    Loaded.  • 

The  table  below  gives  a  comparison  of  three  vessels  fitted 
with  different  systems  ： — 

"Clam."      '* Conch."   **  Donax." 

Cargo  carried  in  tons    4,400       6,830  4,950 

Indicated  h.p   1,111        1,760  1,767 

Tons  oil  fuel  per  day    17  225  17 

Tons  coal  per  day  (North  Country)       25  33*5  27 

Lbs.  oil  fuel  per  i.h.p.  per  hour  ...  1*43         1*19  0*89 

Lhs.  coal  per  i.h.p.  per  hour    2  09         177  142 

Steam.     Meyers  old   Zulver  type 


type. 


with  F.D. 
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I"I 画 Id  l>e  iiHMiiioncd  t  hat,        "  ('lain  "  is  a  、、'ry  nld 
of  vessel,  and  is  not  fitted  with  iiulepeii<lent  tVtnl  pumps,  :m(l 
tho  newer  feed-heating  ； ipi)li;m('es，  while  i\w  oWwv  two  vessels 
are  so  equipped.    The  "  Clam  "  and  the  "  Murcx  "  are  of 
same  type,  and  give  the  same  average  results. 

So  far  as  the  marine  eiigincor  is  coiicernetl,  ilic  com- 
parisons of  the  various  consumptions  \)vv  \umiu\  (>il  used 
per  indicated  horsepower  do  not  satisfy.  One  vessel  may  be 
fitted  with  the  latest  feed-lioatiii^  and  suporlu^it  i n- 
api)】iaii('es，  &c.，  while  tlie  others  may  bo  of  an  older  type, 


Fig.  9. 

possessing  none  of  these  advantages.  If  we  consider,  however, 
the  amount  of  oil  burnt  per  indicated  horse-power  per  hour 
compared  with  the  amount  of  coal  burnt  for  the  same  power 5 
the  other  conditions  cancel  out  from  both  sides  of  the  equa- 
tion, and  we  are  enabled  to  ascertain  whether  or  no  the  oil 
fuel  is  being  economically  burnt.  An  average  result  gives 
the  ratio  of  coal  burnt  to  the  weight  of  oil  burnt  for  the 
same  power  as  3  : 2.  This  means  a  saving  by  weight  of  33  per 
cent.,  and  shows  oil  fuel  to  be  50  per  cent,  more  effective. 
This  does  not  agree  with  the  respective  calorific  values. 
Taking  average  British  coal  witli  a  value  of  14,000  B.Th.U. 
and  average  fuel  with  19,000  B.Th.U.,  the  efficiency  advantage 
should  be  about  36  per  ceut.  The  added  efficiency  which  is 
obtained  in  practice  is  due  to  the  more  complete  combustion 
of  oil  fuel . 

From  the  details  of  a  test  taken  at  the  works  of  Smith's 
Dock  Company  we  gather  some  valuable  information  relating 
to  temperatures  which  are  not  easily  obtainable  at  sea. 
Dimensions  of  boiler  8ft.  9in.  by  8ft.  6in.，  with  two  plain 
furnaces  31in.  external  diameter,  6ft.  lin.  long  ；  total  heating 
surface  470  sq.  ft.    Meyer-Smith  system  used. 

Oeg.  Fah. 

Temperature  of  air    ...       ...       ...  54 

，，  in  passngos  round  air  conveyor  in  t'nrniue 

fronts  through  、vhicli  the  air  pnssos 
to  furnaces      ...       ...       ...       ...  870 

"  of  furnace     ...    ...  2,375 

"  of  rombustiou  cliiunhors  .,         ...        ...  1,280 

，，  of  smokebox  ...       ...       ...       ...       ...  580 

"  of  feed  water  ...       ...       ...       ...       ...  120 

，，  of  oil  in  heaters   ...       ...  220 

Pressure  of  oil  to  burners  ...       ...  35 

"  steam  on  boiler  ...       ...       ...       ...  80 

Consumption  of  oil  per  hour        ...        ...        ...  lhs.  1G4'T> 

Total  water  evaporated  per  hour  ...        ...        ...  "      2,592' I 

Water  evaporated  from  and  at  212°  Fall,  per  lit. 
oil  used        ...       ...       ...       ...       ...       ...  "  15*7 

Brand  of  oil  used ― 2  parts  Toxas,  1  part  Hoimum). 

Specific  gravity         ...       ...       ...       ...       ...       ...  944 

Flash  point   deg.  Fah.  24G 

Calorific  value  (not            iti           Imi  would  U'  about) 
B.Th.U  10,105 


Actual  practice  shows  thai.  Car  less  Imikr  t  roiiWh-  iiihv  Ij" 
expected  with  oil  t  u'  l  t  lian  with  coal.  Perliaps  tlie  mo.st  fre- 
quent source  of  leaky  tubes  in  boilers  is  the  constant  necessity 
for  cleaning  fires  when  coal  l)urning  and  currents  of  cool  air 
pass  to  the  back-ends.  The  only  cleaning  necessary  with  an 
oil  system  is  the  occasional  removal  of  small  -  quantities  of 
carbon.  This  operation  is  i"'rformed  through  a  small  hand- 
hole  door  large  enough  to  admit  the  slice.  The  furnaces  are 
more  evenly  strained,  especially  with  the  systems  where  tlie 
whole  of  the  furnace  acts  as  a  heating  surface,  and  it  is  reason- 
able to  suppose  that  the  circulation  is  more  efficient  for  the 
same  reason. 

The  fact  that  the  tubes  are  always  more  or  less  clean,  and 
there  is  therefore  no  occasion  to  sweep  them  at  sea,  tends  to 
give  that  part  of  the  boiler  a  longer  lease  of  life.  As  there 
are  no  sharp  temperature  differences  at  any  part  of  the 
furnaces  there  is  no  pitting  and  corrosion .  Collision  chocks 
are  eaten  away  by  acids  formed  in  clamping  ashes,  as  when 
cleaning  coal  fires. 

No  paper  dealing  with  direct>pressure  systems  would  be 
complete  without  a  reference  to  the  White  mechanical  oil 
system  and  the  Wallsend  patent  liquid  fuel  burning  system . 
These  systems  are  similar  in  principle  to  Meyers,  but  vary  in 
the  details  of  construction.  Drawings  of  these  methods  are 
here  shown  (Figs.  9  and  10).  The  Wallsend  system  is  rather 
a  confusing  term,  as  the  Wallsend  Company  have  fitted 
various  oil-fuel  systems  for  the  last  30  years.  The  system  here 
referred  to  is  their  latest  direct-pressure  system .  The 
incoming  air  is  heated  in  a  somewhat  similar  manner  to  the 
previous  system .  Fig.  10  shows  the  arrangement  of  furnace 
fronts  for  natural  and  forced  draught.  Fig.  4  shows  a  typical 
installation  for  a  set  of  Cochran  boilers.  The  Cochran  boiler 
appears  to  be  very  efficient  in  connection  with  oil  fuel.  The 
firebars  may  be  left  in  or  removed.  Where  fclie  bar  fittings 
are  left  in  position  the  surface  of  the  bars  should  be  covered 
with  a  brick  lining  with  the  exception  of  a  space  equal  to 
two  bricks,  and  suitable  brickwork  baffles  arranged  lo  retain 


M'allscncl-Howden  oil-burning  system  for  natural  drau^bt. 


Wallscnd-Howden  oil  burning  system  for  forced  draugbt. 
Fig.  10. 

the  flame  as  far  as  possible  without  hindering  tlie  drauglit 
or  choking  combustion.  The  air  space  at  the  front  bars 
enables  additional  air  to  be  supplied  from  the  ashpit,  the 
quantity  of  which  can  be  nicely  regulated  by  the  amount  of 
opening  of  the  ashpit  damper. 

When  bar  fittings  are  removed  the  bottom  of  the  ashpit 
is  lined  with  bricks  and  a  rather  larger  area  is  available. 
In  this  case  the  burner  is  fitted  to  the  ashpit  door.  The 
first  method  is  perhaps  preferable,  as  it  may  not  be  considered 
good  practice  to  heat  the  furnace  seam  in  the  presence  of  the 
sediment,  which  is  always  found  at  this  point  in  any  type 
of  vertical   boiler.      Difficulty  was  experienced  on  the  s.s. 

Havre "  in  maintaining  suflicient  steam  to  run  the 
auxiliaries  in  port  oil  oue  burner ― the  const niotiou  of  the 
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brickwork  in  use  at  the  time  allowing  too  much  heat  to  pass 
to  the  funnel.  The  design  was  varied  with  the  idea  of  retain- 
ing the  flame  in  the  furnace  as  much  as  possible,  and  the 
second  trial  proved  very  successful.  On  striking  the  brick- 
work the  flame  split  into  two  parts,  each  of  which  completed 
a  circle  before  leaving  the  furnace.  Smoke  and  carbon 
deposits  were  entirely  absent. 

Fitted  with  the  Howden  system  of  forced  draught  and 
the  Wallsend  type  of  fuel  burning,  the  s.s.  "  Wien,n  of  the 
A  nst  rian  Lloyd's  Steam  Navigation  Company,  gave  the 
following  figures  on  a  test  of  47|  hours  duration  ： ― 

Steam  pressure         …       …  …       …  2131bs. 

Indicated  horse-power        …        "       …       ...  9,667 

Oil   consumed   per  i.h.p.  per  hour  for  all  pur- 
poses (including  two  refrigerating  machines)  l*0341bs. 

Oil  ('('lisumed  per  hour  per  i.h.p.  for  propelling 
machinery  .  ■ .       -..         ...       -..       …    •  9071b. 

This  test  was  recorded  in  1911，  since  which  time  several  minor 
improvements  have  been  made  in  the  design  of  burners  and 
fronts.  • 

The  White  mechanical  oil  syst&m  depends  for  its  efficiency 
on  the  same  principles  as  the  foregoing.  Fig.  9  illustrates 
the  application  for  positive  and  for  forced  draught.  The 
fronts  are  made  in  three  types :  Natural,  positive,  and  forced 
draught.  The  latest  improvements  in  the  burner  and  its 
adjacent  mountings  deal  in  detail  with  the  air  supply  in  the 
immediate  vicinity  of  th-e  burner.  By  means  of  two  sliding 
cones  concentric  with  the  burner  the  air  supply  about  the 
burner  can  be  varied  to  a  nicety.  This  system  has  been 
introduced  from  the  States,  and  has  been  adopted  by  several 
shipping  firms  in  this  country.  The  inside  burner  details 
are  much  the  same  as  in  the  preceding  systems.  The  oil  is 
fed  under  pressure  and  rotated  by  its  passage  through  tan- 
gential grooves  cut  in  the  button  immediately  in  front  of  the 
orifice.    The  button  is  kept  in  position  by  a  spring  behind  it. 

The  author  has  avoided  more  than  a  passing  reference  to 
the  compressed-air  system,  having  had  very  little  experience 
in  that  direction,  and  because  this  system,  like  the  steam 
svsiom,  is  being  taken  out  of  modern  vessels  and  direct- 
pressure  systems  installed. 

STEEL  CASTINGS  DIRECT  FROM  IRON  ORE. 

To  find  a  method  by  which  Canadian  iron  ores  could  be 
ecoiioinically  handled,  since  they  are  nob  suitable  for  smelting 
in  the  ordinary  blastfurnace  without  concentrating  and 
Im  ii|ueting,  tli©  Moffat-Irving  Steel  Works,  Toronto,  have 


Ore  Feed 


Oct  rode 


Sectional  Vikw  of  Elkctkic  Furnace. 

(luring  tlie  past  two  years  been  experimenting  with  an  electric 
I'urnace.  for  llie  reduction  of  iron  ores  and  their  direct  refining 
into  steel.  As  a  result  of  their  investigations  the  company 
a  re,  according  to  the  "  Canadian  Engineer,"  now  success- 
fully manufacturing  steel  castings  by  the  electrical  process. 
The  form  of  the  furnace  which  is  being  used  is  based  on  the 
principle  of  the  electric  pig-iron  furnaces  of  S\ye'deii，  and  is 
shown  diagrammatically  in  the  accompanying  cut.  The 
crucible  is  built  on  a  substantial  base  of  concrete  Above  tliis 
I  \u-\-r  ； I  re  ； i  t'rw  coui-i's  of  1 1  a  I'd -bu  i' 1 1 1  n'(i  hrick,  and  finally  tlio 
silica  brick  forming  the  main  body  of  the  crucible.  The 


hearth  is  of  rammed  inagnesit©,  furuishnig  a  basic  lining. 
The  particles  of  ore  are  fed  into  the  upper  stack  by  a  niechaiii 
cal  screw  feed,  aud  the  necessary  limestone  is  also  fed  in  at 
the  same  level.  The  carbon,  as  finely  ground  coke,  is  injected 
similarly  at  the  top  of  the  crucible.  The  three  electrodes,  the 
current  being  three-phase,  are  projected  into  the  crucible  at 
an  angle  of  about  60°,  one  only  being  shown  in  the  illustra- 
tion. The  ore  particles  in  falling  come  in  contact  with  a 
strongly  reducing  hot  atmosphere  of  carbon  monoxide  gas, 
being  partly  reduced  thereby.  Final  reduction  takes  jjlace 
in  the  crucible.  A  grade  of  steel  from  this  furnace  is  being 
incorporated  into  castings  which  is  claimed  to  be  equal  in 
every  respect  to  the  best  crucible  steel  or  to  any  other  elec- 
trically produced  steel .  The  average  analysis  of  three  heats 
is  reported  as  carbon,  0*27  per  cent.  ；  manganese,  0*74  per 
cent.  ；  silicon,  0'27  per  cent.  -  sulphur,  0'010  per  cent.  ；  and 
phosphorus  0.031  per  cent.  Physical  tests  are  said  to  be 
above  the  average  and  the«  appearance  and  quality  of  the 
castings  to  leave  almost  nothing  to  be  desired.  The  com- 
pany claims  that  the  problem  of  handling  Canadian  ores  has 
he&n  solved  by  this  process.  It  is,  they  state,  the  only  furnace 
in  existence  tliafc  is  commercially  producing  steel  for  castings 
direct  from  the  ore. 


Re  Internal-combustion  Locomotives. 

To  the  Editor  of  "  The  Mechanical  Engineer/* 

Sir- 
In  your  issue  of  J anuary  9th  you  include  a  letter  from  a 
Mr.  Durtnall,  in  which  he  states  that  an  oil  fuel  can  he 
obtained  having  a  calorific  value  about  19,000  B.Th.U.'s  per 
pound,  and  costing  25s.  per  ton  delivered,  which  can  be  con- 
verted into  a  fixed  gas  suitable  for  us©  in  "  gas  ，，  engines. 
The  ability  to  obtain  and  use  a  liquid  fuel  being  admittedly 
the  greatest  advantage  of  an  "  oil  "  engine  over  a  "  gas " 
engine  for  marine  purposes,  it  is  obvious  that  such  a  com- 
bination as  suggested  for  locomotives  would  remove  the  objec- 
tions to  the  "  gas  "  engine'  and  open  up  a  huge  market  for  the 
manufacturers.  It  would  therefore  be  of  great  interest  if 
Mr.  Durtnall  would  supply  fur  their  details  of  such  oil,  and 
the  plant  suitable  for  gasifying  it. ― Yours  respectfully, 

Marine  Engineer. 


Staffordshire  Iron  and  Steel  Institute— At  a  meeting  of  this 
Institute  held  at  Dudley  on  Saturday  last  Mr.  H.  J.  Coe, 
M.Sc.，  read  a  paper  on  "  Phosphorus  in  Iron."  Tli©  author, 
in  his  summary  of  the  paper,  stated  that  the  temperature  of 
the  com mencem en t  of  solidificatiou  of  iron  saturated  witli 
carbon  was  lower  by  the1  addition  of  phosphorus,  each  1  per 
cent,  lowering  the  temperature  by  about  27°  C.  This  effect 
reached  a  maximum  with  6'7  per  cent,  phosphorus  ；  furtlier 
additions  raised  the  temperature  of  the  commencement  of 
solidification.  With  the  addition  of  phosphorus  a  new  arrest 
of  950°  C.  appeared,  the  position  of  which  was  independent  of 
the  phosphorus  content,  though  its  intensity  increased  up  to 
6'7  per  cent-,  and  then  decreased  with  further  addition.  T1r、 
position  of  the  pearlit©  point  was  not  affected  by  the  addition 
of  phosphorus,  though  its  intensity  diminished  and  faded  away 
altogether  with  15  per  cent,  present.  The  solubility  of  iron 
for  carbon  was  diminished  by  the  addition  of  phosphorus. 

Opening  of  New  Premises  of  Institution  of  Mining  and  Metallurgy. ― 

The  Institution  of  Mining  and  Metallurgy  has  just  acquired 
premises  of  its  own,  and  what  will  in  future  be  lyiown  as 
the  House  of  the  Institution  was  formally  opened  by  the  Lord 
Mayor  of  London,  on  the  13th  inst.  Tlio  premises  are  located 
at  1,  Pinsbury  Circus,  London,  E.C.,  and  tlio  building  is  well' 
adapted  for  the  growing  needs  of  the  institution.  Founded  in 
1892,  the  Institution  has  sinc&  rapidly  developed.  Tlio 
membership,  which  in  1899，  seven  years  after  its  formation , 
numbered  585，  h?s  increased  to  2,372.  The  annual 
income  is  now  £5,000,  and  capital  funds  have  accumulated 
to  an  amount  of  £19,025.  For  a  gieat  many  years  the 
Institution  has  held  its  head-quarters  at  Salisbury  House,  and 
has  lie  Id  its  meetings  in  the  rooms  of  the  Geological 
Society,  in  Burlington  House.  It  has  been  evident,  however, 
for  some  time  past,  that  larger  j>remisiis  would  have  to  l)e 
provided  to  meet  the  jn-essure  tlirown  upon  the  existing 
accojnniodation  by  the  growth  of  meinbei'ship. 
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APPARATUS  FOR  REPAIRING  THE  TUBES  AND  FLUES  OF 
SUPERHEATER  LOCOMOTIVES. 

Tm':  t'ul  lowing  accounl ,  hy  lli'rr  U  IiIiikimii,  u「  I  lie  |{n'sl;m 
Railway  Dii-ccluratc,  giving  del ;iils  of  llic'  nicl  IkxIs  ； iii'I 
ap|»;n*alus  cni|)lovt'<l  on  his  svslem  of  roads  l'or  m;iiiil  ainin^  111" 
tubes  rind  llut^s  of  mj jicrhcal rr  locomotives,  was  puhlisixMl  in 
t  he  Or^an  fur  ilio  Kofi  sell  rit  lc  (It's  Kis(Mil>alin  ws  -n-  ； i  nd  was 
repriiilfci  in  1  lie  Bulletin  of-  I  lie  I  n(  ;'i-n;i(  ion;il  Hailway  C'on- 
gre«s  Association  l'()r  1  hM'(、ml);"、  1 1)  I  .'>. 

In  ord-cr  to  take'  oul  wniokc  I  ultcs,  I  he  1 1 山 r  cui  1  crs 
(j(>si"i"Ml  l>v  1  iir  aul  lior  and  show n  in  I^ii^s.  !  ； iml  '」 arc  u.、v(i. 
Tluv  lube  in  cut  tlir (川乂 li  at  hol-li  ends  iinincHliaicIv  lu'liiiul  1  Iio 


Fig. 


h  e 丄'' uit  Cutting  I-'luks  at  Fiukbox 
Km>. 


flu©  sliycis,  I  lie  short  ends  left  in  I  \\v  i  uhc  plates  are  if  moved 
and  t  lie  tub©  is  I  hen  t  aken  out  of  the  boiler  ihrougli  the  fronl- 
Jlia*  slice! .  As  t  in1  <liamet  ri's  (liflVr,  one  1  ube  cul  1  cr  is  used 
at  front   lliic  slie'H'  and  ； m()lhvr  at  the  l';u'k   llu''  slirH  . 

The  one  ust'd  Inr  1  he  I;iU(m.  is  sJiown  in  Fig.  ]，  and  that  for 
the'  former  in  Fig.  2  ；  Fig.  3  shows  how  the  tube  cutters  are 
worked  -  Both  tub©  cutters  ar©  based  on  the  same  principle  ； 
two  spindles,  mu'  of  wliidi  is  hollow,  each  havei  at  their  oiuls 
round  discs  of  equal  (liaiiielri".  The  hollow  spindle  "is  placed 
on  th©  solid  spindle  in  such  a  way  that  the  corresponding 
faces  of  the  disc  are  against  each  oilier.  The'  face  of  the  disc 
on  the  solid  spindle  lias  a  scroll  on  it,  while  the  face  of  the 
disc  on  the  hollow  spindle  has  a  iiuinl)or  of  slots  cut  in  it 
radially  at  €(|uiclist ant  inl t'l  vals.  Use  slots  take  cutters 
made  of  self-hardeiiiiig  st'e'el,  which  project  beyond  the  slol s 
and  are  toothed  so  as  to  engage  witli  the  scroll.  I f  ono 
spindle  l)e  rot  ated  nioic  r;ijiidlv  t  li;ui  I  he  oilier,  1  lie  cutters 
will  ； nlv;i  lie,'  (,r  rrl  vcai  r;i(  1 1  v,  1  he  movt-iiuMil  (,「  llit'  cutters 
being  equal  to  the  pilch  of  thei  scroll,  when  one  or  the  other 


Mie  square  cnrl  of  t'l"'  small  driving  wl"'''l  as  sIh>wii  in  l'，i'_'. :;. 
The  advantage  of  using  such  ； l  sliat't.  is  lliat  llic  山 ill  <m\ 
rcinaiii  lixecl  in  one  ]>osilioii  until  all  I  lie  sirmk"  1  Ii;l、v 
been  cut  out.  Willi  these  tube  cutlers,  about  .seven  iiiiiiuU's 
are  required  for  cuUiiig  oul'  a  tube  at,  the  front  11m'  sli''('t  ，  ； md 
about  nine  niiiiuleH  for  one  at  llic  hack  Hue  ^hccl  .  I5;'l'jn' 
these  tub©  cutters  were  used,  it  was  tlu*  pra'  ti'  p  I o  w  \  In- 
oxy-hydrogen  (lame  for  cutting  the  tuhv..  Tliis  process  cosi>> 
n  little  less  for  wages,  but  in  miisequeiice  of  the  consuinpl ion 
of  oxygen  and  hydrogen  il、  costs  on  the  whole  »noro  l,v  ； in 
aniount  whicli  varied  ；  moreover,  the  men  do  not  Iik<- 
process,  as  they  often  l>u rn  their  clothes. 

I  n  weldiny  on  safe  ends,  wliich  is  best  done  ； il  t  i'roiil 
end,  the  tubes  are  turned  down, 
on  a  lathe  specially  arranged  ior 
this  purpose,  so  that  tlie  end 
where  the  weld  is  to  be  coni<;al, 
and  tlie  end  of  tlie  sleeve  is 
countersunk  to  correspond  as  at  A, 
Fig.  4.  A  special  welding  forge 
is  used  for  the  welding  operation. 
Recently  successful  expei'iments 
have  been  made  in  the  use  of 
acetylene  and  oxygen  for  weMin^. 
In  this  case,  the  ends  wliich  a  re  io 
be  welded  are  given  a  slight  taper 
from  the  outside,  so  that  a  groove 
is  formed  between  them  whicli  is 
filled  with  melted  Swedish  ('liar- 
coal  iron  and  finisiied  off  with  the 
Ikuihiku'  before  it  becomes  cold. 
Tensile  tests  made  with  tubes 
which  had  been  welded  iu  this 
way  have  shown  favourable 
results.  The  bars  broke  near  the 
weld  and  showed  an  ultimate  tensile  strength  of  49，7801bs.  to 
51/2001bs.  per  square  inch,  while  tliat  of  tlie  tubes  welded  in 
the  welding  furnace  mentioned  above,  varied  bet  、、.,'（' ii 
42?6701bs.  and  53,3351bs.  ]>er  square  inch,  according  as 
fracture  occurred  afc  the  weld  or  near  it.  Welding  with 
acetylene  and  oxygen  is  somewhat  cheaper,  and  this  prcx-ess 
can  be  recommended. 

The  tubes  are  contracted  at  the  firebox  ends  ；  tliis  is 
done  by  swaging  under  a  steam  ham nier.  Before  the  tubes 
are  pub  into  the  boiler  agai n ,  they  are  taken  to  tlie  latlie 
mentioned  above  and  the  places  wliere  they  are  rolled  in  :'r*. 
turned  smooth  and  provided  with  three  small  grocvas.  In 
addition  those  hol^s  in  the  are  box  flue  ^iieet,  which  are  no 
longer  truly  round ,  must  be  bored  true  l>y  means  of  the  tool 
shown  in  Fig.  5，  car©  being  taken  to  reduce  tlie  ii't'、'i、j ',''  '  、 
as  little  as  possible.  Tliis  tool  consists  of  a  casing,  wliidi  is  a 
steel  casting,  with  two  spindles  and  a  spicier  for  .securing  it  to 
the  flue  sheet.    The  drill  spindle  has  at  the  back  a  sleeve  witli 


Fig.  2.— Device  ron  Cutting  Flues  at  yaioKE- 
box  End. 


Fig. 
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Mounting  Fi-uk-cuttino 


-Details  of  Gaskkts,  Scarfs  fou  Safi>km>  \、  i 

COPPElt  BUSUIN(iU  fou  Fluks. 


of  tin1  spindlrs  lias  m;nlo  one  roinplele  revulut  ion  more  1  n 
1  Iio  ot  Iut. 

The  advanct1  ('r  rrt  real  is  offecUnl  )>y  a  dilVercni  i;i  I  di'ivc, 
so  arranged  i  hat  t  lie  cultcrs  a<lv;mcc  a  I  most  0*083  tnm. 
(0.()():"J7iii.)  for  v,\r\\  rcvoliilimt  of  the  s|>iii(lli\  Tlit'  、！' ur 
wheel  on"  the  solid  spimlle  is  s(m'ih'("I  t o  it  hv  means  of  ； i  kev 
in  such  a  way  that  it  can  readily  be  released  ；  it  hcin im- 
possible to  make  the  cutters  advance  or  retreat  quickly.  Tli''、 
tube  cutter  is  secured  to  the  flue  sheet  l)y  means  of  six  jaws 
which,  like  tlie  (miters,  are  operated  hy  a  scrttll.  The  tool 
may  be  worked  by  an  ^lectric  or  ； i  pm'umatir  drill  which 
engages  with  a  telescopic  shaft  with  universal  joints  lixed  to 


u  square  thread  and  nut,  which  does  not  revolve  w i 1 1 1  t  lu- 
spindle  bub  acts  only  as  a  feed.  Tlie  feed  is  hy  iumcl,  l>ut  it 
can  also  be  worked  autoinatically  if  desired .  An  v\rr\  ric 
()r  [)iieiunatic  drill  supplies  the  drive.  If  t he  holes  in  t hf  llu'' 
sheets  have  become  too  large,  flanged  cooper  biKshin^s,  ；>  in 
4  ltnti.  thick,  are  driven  in  from  the  water  side  and  '、、x]m，i(1(m1 
a  little  on  tho  fi ro  side  in  t  lie  countersink  aroiuul  Hie  edye  of 
the  hole  as  at  c  in  Fig.  4.  The  end  of  the  bushing  must  be 
flush  with  the  surface  on  the  firebox  side,  and  the  flange  on 
the  water  side  must  be  well  against  the  sheet  ；  if  necessary 
the  two  surfaces  of  the  sheet,  are  trued  by  means  of  the  tool 
just  described,  a  suitable  cutter  being  inserted.    Tlie  busliings 
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Fig,  9.— Arrangement  of  Trough  fob  Tarring  Superheatku  Units. 


Iii  order  to  protect  the  superheater  tubes  against  rusting, 
they  are  carefully  cleaned  and  tarred  before  they  are  put  in 
again.  They  are'  tarred  in  an  iron  trough  (Fig.  9)，  which  is 
about  half-filled  with  tar  and  is  of  such  length  that  it  can 
hold  a  superheater  unit.     A  longitudinal  steam  pipe  in  the 


are  stamped  out  of  copper  sheet  of  suitable  thickness  and 
require  but  little  machining.  They  have  given  good  results 
for  years  and  remain  tight.  They  protect  the  interspaces 
between  the  tube  holes  well,  and  also  help  to  prevent  the 
tube  holes  from  becoming  deformed  and  out  of  true. 

For  expanding  the  tube  in  the  flue  sheets,  the  roller  tube 
expanders,  shown  in  Figs.  6  and  7，  are  used,  the  latter  being 
handfeea   , 


Drive  -  Electric 
Pneurriattc  Or/// 


\  to  the  Inch    f3=^-i-  ^=r=^Xy 
K>0  Div,amg 


Arrdngement  for  fomr  row  of  tubes 

Fig.  5.— Device  fob  Truing  Holes  in  Flue  Sheets. 
u»ed  for  producing  the  shoulder  at  the  back  tube  sheet.  In 
tlie  case',  of  superheater  tubes,  care  must  be  taken,  before 
fixing  them  to  the  steam  header,  that  tlie  surfaces-  are  clean 
and  smooth.  Any  rough  or  uneven  surfaces  must  bo  milled 
true  first,  as  it  is  otherwise  impossible  to'  obtain  tight  joints 
even  if  the  best  packing  rings  are  used . 

In  order  to  mill  these  surfaces,  the  tool  shown  in  Fig.  8， 
also  designed  by  the  author,  is  used .    With  this  it  is  possible 


trough  heats  the  tar.  The  superheater,  when  introduced 
into  tlie  tar,  is  supported  on  two  iron  hooks  fastened  to  ropes 
which  run  over  fixed  pulleys.  After  the  tarring  the  unit  is 
placed  on  two  projecting  holders,  and  in  order  to  accelerate 
the  drying  they  are  connected  with  hours  until  a  suitable 
stopping  place  could  be  reached  ；  and  the  st-eam  pipe;  the 
end  of  the  unit  in  thei  meantime  being  tarred  by  hand.  Tlie 

steam   pipe   ends    in    a  flexible 
copper  pipe  coil  in  order  that  the 
union  can,  to  suit  the  length  of 
the  end  of  the  superheater  unit, 
bo  readily  brought  into  positions 
I.，  II. ，  and  III.    Experience  has 
shown  that  tlie  superheater  units 
become  strongly  corroded  inside 
in    course    of    time,    the  corro- 
sion varying  with  the  amount  the 
steam  is  superheated  ；  the  corro- 
sion is  consequently  greatest  at 
the    exit   ends    of    the  units. 
On     this     account     the  units 
require      careful  examination, 
particularly  at  tlie  exit  end,  before  they  are  put  in  again; 
it   is  usual    in  our    practice   to    cut   open    several  tubes 
longitudinally,  in  order  to  see  how  far  the  corrosion  has  gone. 
The  water-pressure  test  does  not  give  a  reliable  indication,  as 
owing  to  the  cellular  shape-  of  the  corrosions,  the  tube  can 
still  be  tight  although  considerably  corroded.    According  to 


Fig.  6— Kollek  Expander  for  Use  at  Smokebox  Flue  Sheet. 

to  mill  the  two  surfaces  simultaneously,  but  it  is  also  posyihle 
to  do  tlie  surfaces  separately,  as  eacli  of  the  two  spindles  lias 
its  independent  adjustment.  The  unit  to  be  machined  is 
supported  on  a  plate  whicli  can  be  moved  by  a  screw  and 
hand  wheel,  so'  that  both  cutters  can  be  put  in  or  oufc  of 


Fig.  7.~Kolleb  Expander  for  Use  at  Firkbox  Flue  Sheet. 

operation  simultaneously.  The  drive  for  this  device  is  tlie 
same  as  with  the  other  tools. 

As  regards  packing  rings,  the  best  results  were  obtained 
with  rings  made  of  soft  ingot  iron,  with  circular  grooves  filled 
with  asbestos  as  shown  at  a,  Fig.  4.  When  used  over  again, 
tlie  grooves  must  be  filled  with  fresh  asbestos. 


T 
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Fig.  8.— Apparatus  fok  Milling  Contact  Surfaces  of  Supkbhkater  Units 

tlie  author's  experience,  it  is  not  necessary  to  examine  the 
superheater  tubes  until  they  have  been  in  us©  over  three 
years.  In  order  to  know  the  age  of  the  tubes,  the  date 
(month  and  year)  is  punched  on  the  block  securing  the  unit, 
at  renewals. 


Stavclcy  Boiler  Explosion. ― The  formal  investigation  ordered 
by  the  Board  of  Trade  to  be  held  in  this  matter  is  fixed  for 
hearing  in  the  Committee  Room,  Stephenson.  Memorial  Hall, 
Chesterfield,  on  Wednesday,  the  28th  inst'.，  at  11  a.m. 

The  Junior  Institution  of  Engineers:  North-Western  Section. ― The 

first  discussion  meeting  of  the  newly-formed  North  Western 
Section  of  the  Junior  Institution  of  Engineers  was  held  in 
Manchester  on  Friday  evening,  the  19th  ult.,  Mr.  C.  H. 
Prichard  (Chairman  of  the  Section)  in  the  chair.  The  discus- 
sion, dealing  with  the  education  of  the  engineer,  was  opened 
by  Mr.  Maurice  Hird，  and  was  continued  by  a  number  of 
otlier  speakers. 


「；匸  ， 二  ITri 
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THE  MEASUREMENT  OF  STRESSES  IN  MATERIALS  AND 
STRUCTURES.* 

IiY  PROF.  E.  G.  COKEK,  M.A.,  D.SC. 

The  study  of  the  behaviour  of  materials  mi 山' r  load  has  always 
exercised  the  greatest  int vrcsl ,  wlicilxu*  ro^ai (led  as  a  field  oi' 
inatheniatical  and  pliilo^ophical  enquiry,  or  as  an  eoq)('riri""ital 
soieuce;  and  the  labours  of  a  vast'  luunber  of  investigators 
have  slowly  built  up  a  science  of  tlie  strength  of  mat erials 
which  rests  upon  an  assured  hasis.  Modern  needs,  and  llio 
ever-widening  JieJds  of  enquiry  caused  by  the  quickening 
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inlluences  of  discoveries  in  other  branches  of  science,  are  con- 
liuually  leading  to  new  and  more  exacting  demands  on  metals 
and  other  like  bo  dies  used  for  constructive  purposes,  and  it 
is  therefore  not  an  unprofitable'  task  to  attempt  a  review  of  a 
part  of  the  science'  of  the  strength  of  materials  which  is  more 
directly  connected  with  experimental  enquiry,  since1  this 
aspect  of  the  subject  has  a  most  important  bearing  on  the 
design  and  construction  of  all  kinds  of  fixed  and  moving 
structures  subjected  to  static  and  dynamic  loads.  Theoretical 
investigations  have  in  a  large  number  of  cases  given  exact 
solutions  of  the  stress  distributions  in  elastic  bodies  of  definite 
geometrical  shapes,  which  latter  in  some  instances  approxi- 
mate very  closely  to'  the  forms  of  actual  structures  ；  but  in  the 
great  majority  of  instances  tins  is  not  tho  case,  since  the  forms 
and  dispositions  of  machines  and  structures  are'  decided  by  a 
number  of  circumstances  which  lead  to'  complicated  sh apes  not 
amenable  to  calculation,  and  not  always  the  most  perfect 
owing  to  the  practical  difficulties  of  construction.  For 
example,  steam  boilers  more  often  than  not  are  cylindrical 
vessels  with  flat  cuds,  and  the  reasons  for  giving  them  this 
form  are  well  known  and  practically  justifiable,  although  when 
considered  merely  as  vessels  for  resisting  iutemal  pressure  tliey 
are  not  the  most  perfe'ct  which  could  be  devised,  while  the 
effects  of  riveted  joints  and  other  discontinuities  usually 
increase  tlie  stress  intensities  in  a  prejudicial  manner  difficult, 
if  not  impossible,  to  det&nninei  by  calculation. 

In  this',  and  oth^r  like  cases  of  Tnechanical  construction  of 
great  commercial  inipo'rtaiioe,  every  part  of  the  stimcturei  has 
in  course  of  time  been  subjected  to  the  most  careful  scrutiny 
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Fig.  3. 

as  regards  stress  distribution  in  the  material  ；  but  even  with 
all  our  atcunmlated  experience  of  the  construction  of  boilers 
it  can  hardly  be  said  that  our  knowledge  of  the  stresses  in 
them  is  exhaustive,  and  the  same  may  be  said  probably  of 
almost  any  other  type  of  structure  or  machine  in  present  use. 
In  new  forms  of  construction,  like  aeroplanes,  where  prolonged 
experience  is  lacking,  the  frequent  failures  due  to  breakage  of 
an  essential  part  of  tlie  structure  are  undoubted  evidence  of 
our  want  of  exact  kuowledge  of  the'  stress  in  the  material,  ami 

*  Cantor  lcctuiH.-s  dt'livi-rrd  bofon-  the  Koyal  Sooiety  of  Ar 卜， nrt-cmbcr.  1913, 
iind  reproduced  from  the  Journal  of  the  Society. 


its  proj>or  distribution  to  resist  the  loads  coniing1  upon  it. 
Very  great  difficulties  confront  the  investigator  desirous  of 
ascertaining  the  stress  dist  ribution  in  any  given  body  which  is 
subjected  to  an  arbitrary  loading  system,  and  this  will  apjHiar 
l  r()m  t  lie  consiflcr.'tt  ion  of  various  met  hods  whirh  Iiav<*  provc<] 
of  value. 

The  guiding  principle  of  most  of  the  experimental  work 
wliidi  has  been  arcorfiplisiied  in  this  field  of  enquiry  is  tlie 
well-known  JI(mk"'s  law,  which  expresses  a  linear  relation 
between  stress  and  strain.  This  law  is  found  to  be  approxi- 
mately true  far  the  principal  materials  used  for  constructive 
purposes,  although  the  deviations  therefrom  are  not  always 
unimportant.  If  we  take  the  case  of  a  simple  tension  or  com- 
pression member,  we  find  tliat  the  strain  or  extension  [xtv  unit 
of  length  is,  in  general,  simply  proportional  to  the  load,  and 
although  its  amount  differs  widely  with  the  kind  of  material 
used,  yet  the  linear  relation  is  sufficiently  exact  to 
enable  the  stress  to  be  inferred  from  the  strain  measurements. 
The  amount  of  alteration  in  the  length  of  a  specimen  is,  in 
general,  so  small,  liowever,  that  apparatus  of  great  precision 
and  delicacy  is  required  for  measurement,  or  else  the  length 
taken  must  be  so  great  that  the  total  change  is  considerable. 
This  may  be  readily  appreciated  by  a  comparison  of  tlie 
changes  produced  in  a  length  of  lin.  of  some  well-known 
materials  when  subjected  to  a  load  of,  say,  5,0001bs.  per  square 
inch  in  either  tension  or  compression,  according  to  the  material 
employed.  The  changes  of  length  are  shown  on  diagram 
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(Fig.  1)，  and  we  observe  that  st^el  shows  a  change  of  about 
6oXoq  of  an  inch,  and  wrought  iron  slightly  more,  while  cast 
iron  gives  double  tliis  amount,  and  is  a  near  neighbour  of 
plate-glass,  which  it  also  resembles  in  some  other  ways. 
Granites  differ  considerably  according  to  their  origin  and 
structure,  but  we  may  expect  to  fiud  an  alteration  of  about 
one^thousandth  part  of  their  length  under  tlie  specified  load- 
ing, while  in  sandstone  the  strain  is  considerably  greater,  a 
fair  value  being  of  its  length.  If,  therefore,  the  stress 
distribution  in  a  metal  is  to  be  inferred  by  measurements  of 
strain,  it  is  apparent  that  even  in  the  simplest  cases,  where 
only  tension  or  compression  stress  occurs,  we  require  to  know 
the  small  changes  of  length  with  very  great  accuracy,  since  an 
error  of  a  few  millionths  of  an  inch  in  the  measurement  of 
the  change  of  our  uuit  of  length  is  not  an  inconsiderable  part 
of  the  total  strain,  while  if  the  stress  varies  greatly  it  is  neces- 
sary to  make  the  measurements  upon  a  very  small  length  to 
ensure  even  approximate  accuracy. 

A  great  many  measurements  have  been  made  of  the 
measuring  strains  in  tension  and  compression  members,  beams, 
and  columns  for  cases  of  loading  in  which  the  strains  over 
considerable  lengths  may  be  taken  as  uniform,  and  other  cases 
of  uniform  strains,  producing  angular  distortion  and  cliange 
of  volume,  have  often  been  the  subject  of  experimental  investi- 
gation. All  these,  however,  constitute  ouly  a  small  portion 
of  the  problems  which  are  of  practical  importance,  since,  in 
general,   the  strains  produced   l>v   loading   a  structure  or 
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niachine  are  complex  functions  of  the  simple  ones  described 
above,  and  vary  greatly  in  magnitude  as  wo  pass  from  one 
point  to  any  neighbouring  point  in  the  structure,  so  that  the 
average  values  taken  over  a,  length,  area,  or  volume  do  not 
usually  represent  the  actual  conditions  correctly .  The  appli- 
cations  of  strain  measurements  to  actual  structures  are  there- 
fore somewhat  limited,  and  in  any  case  demaud  very  great 
care  and  accuracy  in  the  measurement,  of  very  small  changes 
in  lengths  and  angles. 

A  simple  example  of  measurements  upon  an  actual 
structure  is  fui'nished  by  some  observations  which  were  made 
upon  the  steel  columns  of  the  Bankers  Trust  Company'^ 
building  during  the  progress  of  the  erectiou.  This  is  a  build- 
iug  of  38  storeys  supported  on  columns  of  the  section  shown  in 
Fig.  2,  having  a  cross- secti on al  area  of  275  sq.  in.  and  a 
modulus  of  direct  elasticity  of  3  x  10".  Distances  of  20in. 
were  marked  off  on  the  plates,  and  small  countersunk  holes 
wei'e  drilled  iu  the  metal  before  any  load  was  applied. 
Measurements  of  the  alterations  in  length  were  taken  as  the 
building  progressed  by  aid  of  a  simple  form  of  screw  niicro- 
ineter  capable  of  detecting  a  change  of  length  of  *0002in., 
corresponding  to  a  chaug©  of  stress  in  tho  material  of  3001bs. 
per  square  iuch.  Some  of  tho  observations  are  shown  in 
Fig.  2，  during  the  interval  in  which  a  load  of  16  additional 
floors  was  added,  and  the  places  of  measurement  are  indicated 
by  numerals.  The  changes  in  length  show  a  gradual  increase 
as  t he  work  of  building  progresses,  but  are  somewhat  uneven , 
1>ut  this  im'gularity  is  no  doubt  duo  to  the  fact  that  the  pro 
loci ivo  masonry  screen  is  supported  by  the  framework,  and  its 
addition  may  not  be  so  uniform  as  in  an  ordinary  building  in 
which  the  luasonry  is  necessarily  built  up  from  the  founda- 


&o  obtained  in  this  case  are  shown  iu  Table  I.  and  Fig.  4，  tlie 
unit  of  measurement  being  a  millionth  of  an  inch.  The 
stresses  produced  are  readily  obtained  by  multiplying  by  the 
known  ratio  E  of  stress  to  strain,  and  for  this  steel  the  ratio 
is  about  3'1  x  107  in  pound  aud  inch  units.  If，  then,  we 
multiply  by  this  amount  we  finally  obtain  the  stress  distribu- 
tion across  the  section  of  the  beam  as  shown  by  Fig.  4,  in 
which  the  strains  are  plotted  to  scale,  and  the  stresses  are 
determined  by  multiplying  by  the  modulus  E.  Our  results 
show  us  that  the  stress  across  the  section/  is  a  uniformly 
varying  one  with  a  zero  value  nearly  at  the  centre  of  the 
depth,  as  may  be  verified  by  calculation  for  this  simple 
instance. 

Table  I. 


Bending 
moment. 
Inch  lbs. 

Strain  in  Millionths  of  an  Inch  per  Inch  in 

Top  flange 

Bottom 
flange. 

\V<-1». 

1  ！ in.  abi»ve 
centre. 

At 
centre. 

Uin.  1"'1''、\ 
coiil  re. 

10,500  

-41 

-42 

—21 

0 

-21 

21,000   

—82 

—83 

-42 

-1-0 

-40 

31,500  

-124 

—  126 

-63 

-1-5 

-(il 

42,000   

-166 

-108 

-85 

-2.5 

-81 

A  somewhat  more  complex  case  of  practical  importance  is 
presented  by  beaiiis  of  concrete  reinforced  by  steel  on  the 
tension  side,  which  are  now  so  largely  used  in  tho  construction 
of  buildings.  Measurements  of  strain  are  not  an  infalliblf 
guide  to  the  stress  distribution  in  such  cases,  because  concrete 
has  a  comparatively  feeble  power  of  resisting  tension,  and  due 
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lions.  Some  differences  of  stress  are  shown  at  different  parts 
of  the  section,  but  except  in  on©  or  two  instances  they  are  not 
large,  and  the  mean  values  may  thcrt't'orc  be  taken  with  con- 
siderable accuracy.  It  is  readily  verified,  for  example,  that 
the  addition  of  these  16  storeys  imposes  an  extra  stress  of 
5,0001bs.  per  square  inch,  or  a  total  of  l,375,0001bs.  on  tlie 
column. 

Another  case  constantly  occurring  in  practice  is  due  to 
bending  nioinent  applied  to  rolled  steel  beams  of  I  section,  and 
tliis  type  of  stress  distribution  】nay  be  convenieiitly  illustrated 
l>v  an  experiment  taken  from  my  laboratory  notes,  in  which 
the  changes  in  length  of  the  flanges  and  web  of  an  I  beam 
were  measured  by  means  of  a  special  form  of  extensometer 
using  loads  which  gave  a  uniform  bending  moment  over  the 
measured  length  Since  the  strains  in  this  exam  pie  are 
uniform  in  the  direction  of  the  length  of  tlie  beam,  it  is  per- 
missible to  take  average  measurements  over  a  considerable 
length,  and  this  is  accomplished  by  means  of  a  roller  ext-eiaso- 
meter  which  can  be  clamped  to  the  flanges  or  to  the  web  of 
Hhi  1)oams.  The  essential  features  of  tlie  instrument  arc  vci  v 
simple,  and  consist  of  a  pair  of  steel  rods,  A  B,  Fig.  3，  pro- 
vided with  knife  edges  C  D，  pressed  against  the  surface  by 
suitable  damps  E，  and  preserved  parallel  to  one  another  and 
to  the  beam  surface  by  a  pair  of  friction  rollers  F  and  G,  one 
of  which  carries  a  reflecting  mirror  H.  A  longitudinal  strain 
in  the  beam  causes  a  proportional  change  in  the  distance 
between  the  knife  edges  C  D，  and  in  consequence  the  rollers 
pressed  against  the  rods  by  a  spring  are  rotated  through  a 
sm;ill  angle,  an*]  tliis  latter  is  uieasiu'ed  by  a  reading  telescope 
and  scale  placed  at  a  considerable  distance  away.  The  clian^cs 
of  length  per  inch  are  measured  in  this  way,  and  the  values 


account  must  be  taken  of  this  in  interpreting  the  results  of 
strain  measurements.  Another  example  taken  from  i»iv 
lahoratory  notebook  will  make  this  clear.  A  rectangular 
beam  of  cement  4'05in.  wide  and  5'9in.  deep  was  reinforced 
by  three  steel  rods  §in.  diam.  at  a  distance  of  ^in.  from  the 
under  side  as  the  section  show&.  Tlie  beam  was  loaded  by  a 
uniform  bending  moment  over  its  central  portion T  and  strain 
measurements  were  taken  iu  the  direction  of  the  lengtli  by  a 
roller  extensom^ter.  The  behaviour  of  the  beam  was  not  llial 
of  a  perfectly  elastic  body,  and  the  strains  for  equal  increments 
of  load  were  not  always  quite  equal ,  as  the  following  Table  II. 
shows,  in  which  the  applied  load  consisted  of  two  equal  forces 
each  of  l，5001bs.  applied  at  distances  apart  of  18in.，  the  beam 
being  supported  on  centres  48in.  apart,  so  that  tlie  bending 
moment  over  the  central  section  was  1,500  x  15  =  22,500in.-lbs. 

The  measuring  instrument  was  calibrated  on  a  Wliitwortli 
measuring  instrument  at  the  conclusion  of  these  experiments, 
and  it  was  found  that  a  unit  of  the  table  represented  ^n^nrmi11' 
on  a  length  of  8in.  The  mean  value®  of  tho  strains  observed 
in  the  cement  are  plotted  in  Fig.  5，  and  we  observe  that  the 
st rains  are  fairly  linear,  and  the  neutral  axis  is  above  tlie 
centre  of  the  beam.  The  stress  distribution  cannot  therefore 
be  proportional  to  the  strains  over  the  whole  section ,  sinro 
they  do  not  balance  if  such  is  the  case,  even  neglecting  the 
effect  of  the  reinforcement-.  It  is  usual,  in  fact,  to  neglect 
altogether  the  tensile  resistance  of  the  concrete  in  a  beam  and 
assume  that  Mie  reinforcement  takes  all  the  tension,  but  in 
this  example  the  cement  probably  resists  tension  to  some 
extent,  and  we  can  form  an  idea  of  the  part  eacli  material 
j)lays  in  resisting  tlie  external  forces.  The'  oeinent  at  the  time 
of  the  test  had  a  modulus  of  elasticity  in  direct  compression 
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of  approximately  2'56  x  106,  while  that  of  Uio 
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Tlit'sr  v;iIups  (Mial)kv  us  I o  ('； ilcula"'  i  lial  1  lie  maximum 
coiupt'cssion  si  less  in  t  ho  cenient  is  l，0*」01l>s.,  ； m(l  th(、  total 
msli  it'  oxrrts  ； thovo  t  l"、  noul  ral  axis  is  >，：i〔i()ll)s.  Again,  on 
blxo  assuinption  I  hat  Hie  si  rain  in  the  si  eel  (liHVrs  lit  t]<-  i'rotn 
llial  t>i"  i\w  rvuwnt  at  Mie  same  depth,  we  fnui  Uiat  t'lir  m";m 
tension  st  nv-s  in  t'lie 'sted  is  1 1 ,000]hs.  \>vv  square  im'li  ； i nd 


Fig.  7. 

(lie  total  pull  it  exerts  is  3，7'1011)s.  As  the  total  tension  equals 
ilie  loljil  ('(、mpr (、卜 sioii  1  lie  ivnianiini;-  l,(;'」（>n>s.  must  )>o  ink<Mi 
hv  t  he  <*emcnl .  T\\v  slrjiin  mejisuienioiits  also  show  that 
whatever  be  t\\v  pi'opoi-l  ion  of  load  l)oi'iie  hy  t  he-  two  materials 
I  do  Mr(、ws  arc  distributed  linen rly,  so  that  we  may  readily 
calculate  the  contribution  of  each  to  balance  the'  external 
bending  moment,  and  we  lind  under  the  assumption  stated 
that  the  concrete  takes  9,290in.-lbs.  in  compression  hikI 
o,.r)G()iii.-lhs.  in  tension ,  while  t lie  steel  takes  9，540in.-!bs.， 
leavino-  a  l)al;ui('(j  ni'  1  ()J)in .-lbs.  not  account ed  for.  Tlie  pro- 
portion of  irnsioii  to  stivss  tal""i  by  ccni^nt  is  inclical tMl 
to  scale  by  the  clotted  lines  of  Fig.  5.  If  the  steel  is  strained 
more  than  tlie  corresponding  surface  layer  of  the  cement  it 
will  take  a  larger  proportiou  of  the  stress,  and  in  practice  it 
is  generally  assumed  to  take  all  the  load  not  taken  hv  tin.' 
coniprt^sicm  stress. 

IJi'inlin^  inomcnls.  Tncli  |l,s. 

C'-'m'nt  in  ('oinpn-ssioii                                           5,3(>()  x  ^  x2<(5=  0,290 

Onu-nt  in  lensi.m                                                  I ,"2(〉  x    x  3. 3  =  :{.r>(i4 

in  lrnsi(lli   •             3,740x(3»3— 0-75)=  9,537 


22,391 
22.r>oo 
hut 


A  iurllMT  example  ()l  ^1  re.^s  ineasuroimMtt ,  which  is 
(lest  rihed  ht'cause  ol'  its  ；)) ,)plicat ion  to  ； i  m("v  com |)]<\\  case, 
occurs  in  an  ccconi  ricjilly  l";i(l(、（l  tension  member.  St  r;iitis 
alon^  lines  pjiralld  (o  I  lie  Umi^I  li  ； in*  i-cadily  mcasurcfl  in  -in-li 
f  <'ase,  ； nicl  a  (Void  a  useful  lahuralory  experiment .  Fi^.  (i 
shows  ihv  rrsulls  of  st  l  ain  m(>;nir(';m''il s  olilaiued  bv  one  ('I. 
niv  sludcMits  for  t  lie  case  of  a  l);ir  ^in.  l>v  Jin.  in  ci  fjss- section 
and  IoiuUmI  I  in.  out  of  line  in  a  testing  iiiacliint'.  We  ohstM-vo 
tlial  1  lie  liKixiiHum  strain  is  readied  on  the  side  nearest  t  iiv 
line  of  action  of  1  he  load,  and  gradually  diminishes  to  zero  al 
a  clislaiur  of  (>':;f)ii】.  from  1  ho  r:""r(、  upon  t  lui  oIIht  side,  and 
iilliniatelv  r (、； "'lies  a  negative  mnxiimun  at  t  lie  greatest  dis- 
tance from  tlu1  lino  of  action  of  I  he  applied  force.  The  iikvui 
strain  in  the  \>;iv  For  ； i  ctMit  ral  load  is  also  shown  by  datlecl 
lines,  and  it  may  l>o  ro;ulilv  v<"'ili('(l  tioiii  1  lie  li^urc,  and  also 
from  TiiMc  111,1  liai  1  li''  moan  slt  ;iiii  is  suhsl ant iallv  one  halt' 
the  sum  of  1  \  w  1  wo  v\u\  strains,  ； i  result  wliicli  is  made  use  of 
in  a  stress  dv{v\  ininalion  descrihed  hrlow.  八 I (、；isur('m('iit s  o[ 
lliis  type  have  l>e?n  fiequenllv  a])plie(l  ">  <lt'")rmii"、  1  lie 
stress&s  experienced  in  bridges,  ships,  boilers,  and  t  he  lik<、  and 
to  avoid  the  possibility  of  error,  which  ma v  occur  owing  to 
the  tacit  a?sumpt imi  t hat-  the  stress  and  strain  are  uniform 
over  a  given  length,  、v"  find  I  hat  every  effort  is  uia<)o  to  ;itlain 
1  lie  ideal  condition  of  lncasuremeiit  of  I  ho  si  rain  ovrr  1  lie 


M any  imteworlhy  researches  on  t  in-  si  rains  in  coniplcx 
inelal  sti'uctures  have  been  made,  and  one  or  two  cxamj'k's 
may  be  briefly  described,  wliich,  in  addition  to  their  intrin-i'* 
interest,  also  s^rvo  to  illust  rate  sonic  of  the  diffivull  i<  s  to  Ik- 
overcome.  A  recent  experimental  determination,  by  Messrs. 
Jiarraclou^li,  Gibson,  and  others,  of  the  strains  in  the  steam 
drum  of  a  Bahcock  &  Wilcox  boiler  may  be  taken  as  a  typical 
example  of  a  very  difficult  problem  of  strain  uieasureinent. 
The  shell  of  such  a  boiler  is  not  only  changed  in  lengtli  owinj^ 
to  the  aj>i>]ied  internal  pressure,  but  the  initial  curvature  of 
the  plates  is  also  altered  in  such  a  manner  as  to  cause  severe 
stresses  due  to  bending.  We  have  tlierefore  two  distinct 
strain  systems  of  importance  which  are  convenient  to  measure 
separately  and  to  combine  later  for  determining  the  stress. 
A  principal  object  of  these  experiments  was  to  determine  tlie 
influence  of  the  riveted  joints  upon  tlie  stress  distribution,  and 
hence  longitudinal  and  transverse  sections  of  the  boiler  were 
explored  by  external  surface  measurements  of  two  kinds.  Tlie 
first  was  directed  to  the  measurement  of  the  changes  of  length 
in  the  chosen  directions,  and  for  this  work  very  short  extenso- 
meters  of  the  well-known  Marten's  Mirror  type  were  employed. 
The  second  series  of  measurements  to  ascertain  the  changes  iu 
the  curvature  of  the  plates  were  carried  out  by  mirrors  securely 
fastened  to  tlie  shell  of  the  boiler  at  short  intervals,  and  their 
angular  changes  in  position  under  the  load  were  observed  by 
reading-telescopes.  The  effects  due  to  bending  were  deter- 
mined on  the  assumption  that  stress  is  proportional  to  change 
of  curvature,  and  the  direct  stresses  were  inferred  from  tlie 
linear  relation  of  strain  to  stress.  The  algebraic  sum  of  the 
two  stresses  at  a  point  was  then  taken  as  the  total  stress  at 
the  external  surface.  At  the  interior  surface,  where  direct* 
measurement  was  impossible,  it  was  assumed  that  the  varia- 
tion of  stress  distribution  was  linear  across  the  thickness  of 
the  shell,  and  of  the  same  type  as  that  already  described  with 
reference  to  an  eccentrically  loaded  tension  member.  The 
relation  already  referred  to  between  the  mean  strain  in  an 
eccentrically  loaded  tension  meniher  and  the  strain  at  each 
side  of  the  bar  was  assumed  to  hold  for  the  shell  plate  of  the 
boiler,  and  tho  stre«»  at  any  point  of  the  interior  surface  was 


Ik. 


i"ferral  I'rotn  the  strain  so  tlcduci'J.  Tli(、  stress  distribution 
tlirouglioul  tlu-  l)oilcr  si  it'll  was  mappod  ( liost'  mrans.  and 
Hie  n'sulls  oht  aiuo<l  a  re  shown  in  a  graphical  manner  l>v  tlu、 
loii^itudinal  section  (Fig.  7),  in  wliicli  the  surface  stresses  an* 
plotted  perpeiidicularly  to  the  plate,  tension  being  d("m"、<J  l>v 
dctt2<l ,  and  compression  by  firm,  lines.  The  stress  in  tlie 
domed  end  is  conjectural,  but  in  all  other  cases  the  diagram 
gives  a  record  of  the  actual  strain  measurements. 

Tii  these  interesting  results  we  can  at  once  see  that  fair 
nuifonnit  y  of  st  re«s  in  Uio  niat-erial  is  only  attained  a  I  con- 
siderablc  clistaiu-es  t'roiii  all  joints  and  clianges  of  curvat un、 
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and  there  are  rapid  changes  of  stress  intensity  duo  to  both 
causes  wherever  they  occur,  usually  resulting  in  great  increase 
of  stress.  Stress  intensities  of  two  or  three  times  the  mean 
value  are  shown  to  occur  near  joints  and  change®  of  curvature, 
and  the  weakness  of  single  lap  joints  and  sharp  bends  is  amply 
demonstrated  by  reference  to  direct  experiment  and  to  many 
cases  of  boiler  failures.  It  would  be  most  interesting  to'  con- 
sider at  length  other  conclusions  deduced  by  the  authors,  such 
as  the  connection  between  pitting  of  the  plates  and  high  stress 
intensity ,  did  it  not  draw  us  too  far  from  the  subject  in  hand. 
It  is  important  to  note  that  th©  principal  strains  in  a  boiler 
shell  are  in  the  longitudinal  and  transverse  directions,  and 
that  the  principal  stresses  are'  simple'  functions  of  both. 

As  the  effects  of  stresses  at  right  angles  in  a  plane  will 
come  up  again  when  other  methods  of  stress  measurement  are 
discussed,  it  will  b©  convenient  to  discuss  this  typical  case 
here.  It  can  be  shown  that  every  possible  state  of  stress 
which  can  arise  at  a  point  in  a  plane  lamina  may  be'  repre- 
sented by  two'  stresses,  p  and  q,  at  right  angles,  and  thei  effect 
of  such  a  stress  system  of  this  type  is  to  cause  strain,  which 
deforms  circles  into  ellipses  having  principal  axe®  in  the  direc- 
tions of  the  stresses  p  and  q.  The  stress  distribution  at  a 
point  in  a  plane  may  be'  inferred  if  the  directions  of  the 
greatest  and  least'  strain,  as  well  as  tlieir  magnitudes,  are 
determiued.  If  el  and  e2  are  tlio  strains  in  the  directions  of 
the  principal  stresses  p  and  q  respectively,  there  i&  a  simple 
relation  between  them  expressed  by  the  equations  I. 
and  II. ： ― 

p  =  E{el-a-e.^  (I.)      q=  E^-o-^)  (II.)， 

where  E  aud  cr  are  constants  of  which  the  latter  has  a 
muiierical  value  for  steel  in  the  neighbourhood  of  J.  The 


Hours 


Fig.  10.  Fig.  11. 


within  which  aro  inscribed  an  indefinitely  large  number  of 
smaller  circles,  each  one  of  which  becomes  an  ellipse  due  to 
the  strain,  yet  the  boundary  suffers  such  a  distortion  that  the 
magnitudes  and  directions  of  the  principal  strains  cannot  be 
determined  from  the  reference  figure. 

Similar  difficulties  may  be  met  with  in  the  determination 
of  shear  strains,  which  produce  angular  distortions  of  the  tvpe 
represented  in  Fig.  10，  in  which  perp&ndicular  axes  O  X  and 
O  Y  are  deformed  by  a  uniform  shear  into  the  positions  O  X1 
and  O  Y1.  If，  however,  variations  of  shear  stress  occur  along 
the  axis  these  lines  become  curves  O  A，  O  B,  and  the  change  of 
angle  at  0，  which  measured  the  strain,  is  difficult  to  deter- 
mine. The  smallness  of  the  strains  is，  however,  the  principal 
experimental  difficulty,  and  in  most  cases  this  has  proved  an 
insuperable  obstacle  £o'  the  direct  determination  of  strain  di&- 
tribution  in  metals.  For  many  practical  purposes,  however, 
valuable  information  may  be  obtained  from  experiments  on 
models  constructed  of  materials  capable  of  suffering  consider- 
able deformation  without  injury  to>  their  elastic  properties, 
and  in  this  manner  many  important  engineering  problems  have 
been  successfully  d&alt  with.  In  this  connection  it  is 
important  to  point  out  that  tlie  stress  distributions,  in  diffe- 
rent elastic  bodies  of  similar  shape,  and  with  the  loads  upon 
th-ern  correctly  proportioned,  give1  similar  stress  distributions 
provided  their  elastic  limits  are  not  exceeded .  Unfortunately , 
materials,  like  india-rubber,  which  are  capable  of  large 
defo-rmatioiis  are  not  perfectly  elastic,  and  there  is  usually  a 
considerable  lag  between  the  stress  and  th©  strain,  which  must 
be  taken  into  account.  This  defect  of  elasticity  may  be  illus- 
trated by  an  experiment  in  which  a  block  of  india-rubber  was 
subjected  to  a  compression  load  and  its  diminution  in  height 
noted  at  considerable'  intervals.  A  compression  strain  of 
about  8  per  cent,  at  the'  time  of  loading  gradually  increased 
with  time,  and  attained  a  steady  value  of  approximately 
9*3  per  cent,  at  the  end  of  26  hours  (Fig.  11).  The  load  was 
then  removed,  giving  a  n-early  immediatei  recovery  to  within 
about  1  per  cent,  of  the  original  height,  followed  by  a  slow 
recovery,  which  at  the  end  of  another  14  hours  brought  the 
block  to'  within  \  per  cent,  of  its  original  lengtli .  Iu  experi- 
ments on  rubber,  tlierefore,  tlie  loads  are  generally  applied  for 
some  time1  before  measurements  are  taken,  and  ample  time  is 
given  to'  allow  a  model  to  recover  it&  shape  after  the  removal 
of  the  load. 

(To  be  continued.) 


values  of  the  principal  stresses  in  a  plane  depend 3  the'refore, 
upon  the  two  principal  strains.  In  the'  above  determinations 
the  fractional  part  of  the  second  strain  is  not  considered  of 
sufficient  importance  to  be  taken  into  account,  but  its  effect 
is,  in  general,  somewhat  to'  decrease  the  values  of  the  principal 
stresses.  It  will  be  apparent  that  the  inherent  difficulties  of 
strain  measurements  are  very  considerable,  and  the  effect  of 
the  length  measured  is  of  particular  importance  in  many  cases. 

This  influence  may  be  readily  examined  if  we'  take>  a  circle 
as  our  type  of  un&trained  figure.  The  strain  per  inch  of 
length  of  a  piece  of  steel  subjected  to  a  tension  of  com- 
pression stress  of  5，0001bs.  per  square  inch  is  less  than  two 
ten-thousandths  of  an  inch,  and  to  obtain  tliis  strain  to  an 
accuracy  of  5  per  cent,  for  a  circle  of  ^-in.  diam.  requires 
measurements  to  an  accuracy  of  one  limidre'd- thousandth  of 
an  inch  -  The  strain  so  obtained  is  an  average'  for  th©  lengtli 
considered,  and  it  may  vary  in  value  at  each  point.  If,  for 
examplo,  the  strain  experienced  at  each  point  of  tlie  diameter 
A  B  of  an  unstrained  circle  (Fig.  8)  is  plotted  to  a  sufficiently 
large  scale  upon  the'  altered  length  A1  B1  it  may  vary  in  some 
such  way  as  shown  by  tlx©  curve  C  D，  and  the  measured  mean 
value  E  F  will  therefore  only  be  true  for  one  point  of  the 
diameter,  nob  necessarily  the  centre  of  the  circle,  or  even 
capable  of  exact  reference.  Such  case's  invariably  occur  at  o'r 
near  discontinuities,  and  in  a  simple  case  like  that  of  a  small 
hole  in  a  member  the  strain  at  the  edge  of  the  boundary  may- 
be several  times  greater  than  it  is  at  a  distance  away  equal  to 
the  diameter  of  the  hole.  Another  possible  source  of  error  is 
due  to  the  tacit  assumption  that  a  finite  circle  deforms  into,  a 
true  ellipse.  It  may?  however,  take  a  somewhat  different 
form,  in  whicli,  although  every  circular  element  becomes  an 
ellipse,  th©  whole  area  is  not  of  this  type.  We  may  have,  in 
fact)  a  small  finite  circle,  like'  that  shown  dotted  iu  Fig.  9， 


A  TALL  STEEL  CHIMNEY. 

The  400ft.  steel  chimney  of  tli©  United  Verde  Copj>er  CVjiii- 
pany,  Jerome,  Ariz.,  is  believed  to  he>  the  tallest  steel  stack 
in  th©  world.  The  chimney,  whicli  was  de'scribed  in  a  recent 
issue  of  "  Engineering  News?M  is  30ft.  diam.  iuside  the  brick 
lining,  30ft.  9|in.  inside-  of  the  steel  she'll,  and  400ft.  lin.  from 
top  of  foundation  to  top  of  steel  -  The  diameter  and  height 
of  the  chimney  were  determined  by  the  draught  calculations  ； 
the  diameter  and  hedght  of  bell  were'  made  ono-oighth  of  the 
height  of  the  chimney,  or  50ft.  The'  brick  lining  was  sup- 
ported on  tlie  Legs  of  circular  angles  riveted  to  th©  inside  of 
shell  and  spaced  15ft.  apart.  By  this  method,  the  bearing 
capacity  of  the  brick  is  not  exceeded  and  any  section  can 
be  replaced  without  affecting  the  others.  The  weight  of  brick 
is  carried  directly  down  the  shell  and  was  added  in  when  com- 
puting the  maximum  stresses  oil  the  compression  sido?  but  was 
neglected  on  the  tension  side'  as  it  was  assumed  that  the 
maximum  wind  might  occur  before  the  chimney  was  lined. 
The  wind  load  was  assumed  to'  be  501ba  per  square  foot,  or 
251bs.  per  square  foot  on  the'  projected  diameter,  equal  to 
7701bs.  per  foot  of  height.  The  dead  load  was  taken  as  the 
actual  weight  of  steel,  plus  tlie  weight  of  brick  liniug  assumed 
at  1 121b&.  per  cubic  foot.  Th©  following  unit  stresses  were 
used  ：  Tension,  16,0001b&.  per  square  inch,,  cu  net  section  ； 
compression,  10,0001bs.  per  square  inch,  on  gross  section  ； 
shop  rivets,  10，0001bs.  per  square  inch  for  shear  and  20，0001bs. 
for  compression  ；  field  rivet  values  80  per  cent,  of  shop.  The 
section  modulus  of  any  section  was  computed  by  multiplying 
the  area  of  tlie  inside  of  shell  by  the  tliickness.  The  founda- 
tion is  made  of  concrete'  reinforoedj  aud  is  octagonal  with  a 
short  diameter  of  70ft.  aud  a  depth  of  10ft. 


I 

January  23，  l!)l4j  TIIIv    MECHANICAL    KNGINEKR.  87 


INDUSTRIAL  AND  TRADE  NOTES. 

United  States  Coal  Production  in  1913.  A  coal  |)r。dm  timi  Im'"w''  ii 
；. (；：),()( K),IK )0  and  .')7.*),(K)(),0(H»  tict  tons  ol'  coal  in  tli<'  i'liitrd  Stntcs 
in  MH3  is  tho  ofiiciiil  estimate  ol'  K(l、v:ir(l  、V.  I';H'kcr,  coal  statisti- 
cian of  the  United  States  Geological  Smvr.v.  Iliis  is  ； i n  if:<T,':i、《' 
ovor  tho  iv(:oi'(l-bival《iiig  production  ol'  l"l'」  ol'  ；!(),()( )(),()< )0  tu 
40,()(K),()()()  tons.  Of  this  increas<»  nhout  4,500,000  tons  was  in  tho 
prodtiction  oi"  a ntlirncite. 

Enquiry  into  Trade  Conditions  in  Siberia  and  China. ― The  Advisory 
CominitttM1  to  tl"、  Moaid  of  Tnido  on  r(>"uiit'n'i)i I  Iiiiclli^^'iicc,  ； it 
； i  mct'titi^;  in  IjoihIom  on  tl"'  L'Uli  inst.,  d(、（  i 山、 （1  t lui t  special  com- 
moi'cial  missions  should  1)。  dispaiclu'd  ;i L  ait  <l;irly  to  im''sti- 

g;itt、  the  coiidiiions  :m(l  itrosjxM-ts  "1'  Hritisli  leadc  in  Sihcriii  and 
Cliina.  ■Among  otluM'  m;'ttei's  considcicd  \、、  iv  tho  ('('llectio" 
san)])l(vs  t'or(iijj;n  mxxls  conipt'tiutj;  witli  「i'i"'(l  Kingdom  iniinu- 
facturers  in  tli。  sHr-wvpriiiiig  Dominions,  ami  qm'stmns  relating 
to  the  work  <»!'  the  ( 'oinnnM-cial  I nt <il li^ciic^  l?r;i i:cli  of  the  Moaid 
of  Trndo. 

Geared  Turbines  for  American  Warships. ― A  contract  has,  、ve 
lf;t Mi,  recently  b*Min  placed  for  the  fitting  oi"  W'csti p^Ikihsc  wiu、  in 
tin*  U.S.A.  bnttlo-sliips  "  PcnnsylvMnia  "  and  No.  '3".  Th'、  gt'ars  :，iv 
to  lx»  iiiter]>os(i(l  l)t、t、、.（M>n  the  cruising  Lurbiiit's,  ilio  ma  in  turbines 
being  direct  connected.  There  are  to  be  two  reduction  gears  on 
oach  ship,  thoso  in  tlio  "  I>ennsylvnnia  "  hcing  1  ,r>( )( )  li.p.  each  ar.d 
in  No.  39  ot"       >U  li.p.  "、（'h.    It  is  im(lt'rst<>(?(l  tli;it  a  prrtt'rence  of 

per  ctMit.  in  price1  、、； is  accorded  tho  \\estiti^l)oiiso  jrears  on 
account  oi'  the  floating  frame  and  dynamometer  features.  The 
^'(istinu;lioiiso  Miichine  Conipany  have  also  rocoived  a  contrnct  lor 
a  4,000  h.p.  gen v  for  the  u  Melville." 

Russian  Petroleum  Production  in  1913.  ~ The  11  Borsen  Zeitung " 
states  that,  in  contrast  to  the  dev"l<>i)im"it  of  I^usnimh  (■(>:"  produc- 
tion, wliic-li  shows  a  contimui】  improvement,  tlio  Russian  petroleum 
production  has  been  very  poor.  During  the  year  1913  the  produc- 
tion only  amounted  to  559  million  ponds,  which  is  six  million 
ponds  less  than  the  previous  year  (1,000,000  ponds  =  16,121  tons). 
Tho  Baku  production,  which  amounted  to  431  million  ponds, 
would  have  been  much  greater  but  for  a  lengthy  strike  which 
occurred  in  the  works.  It  is  estimated,  also^  that  an  improvement 
in  tli^  industry  will  take  place  this  year,  and  a  total  production 
of  583  million  pouds  is  anticipated,  which  would  represent  an 
increase  of  24  million  pouds  over  last  year. 

Boilermakers'  Society  and  Shipwrights'  Association.  ―  Negotiations 
between  the  Boilermakers'  Society  and  the  Shipwrights'  Associa- 
tion, with  a  view  to  a  closer  working  arrangen>ent  between  the  two 
unions,  woro  carried  a  stage  further,  when  representatives  of  each 
society  recently  met  at  Newcastle  to  consider  a  draft  scheme 
iramed  by  a  sub-comiliittoo.  It  has  been  realised  that  complete 
am«algamation  between  the  unions  could  only  be  attained  by 
patient  endeavour  in  view  of  the  diversity  of  rules,  contributions, 
and  benefits.  Draft  proposals  for  securing  the  object  in  view 
were  presented  by  a  sub-committee,  and  accepted  by  the  general 
committee.  These  will  be  submitted  to  the  members  of  both  socie- 
ties in  due  course,  and  a  vote  of  the  branches  Avill  be  taken  for 
their  confirmation  or  otherwise.  The  combination,  if  endorsed  by 
the  members,  will  be  an  important  factor  in  the  future  regulation 
of  hours  and  wages  in  the  shipbuilding  industry.  The  member- 
ship of  the  Boilermakers,  Society  is  66,000,  and  that  of  the  Ship- 
wrights' Association  about  28,000. 

New  Zealand  Hydro-Electric  Power  Plant. ― The  first  installation  of 
6,000  】i.p.  of  the  Lake  Coleridge  electrical  supply  scheme  is 
cxpoeted  to  be  put  into  operation  by  May  next.  The  plant  is 
designed  for  a  total  capacity  of  9,000  kw.^  and  the  power  generated 
u ill  servo  the  needs  of  the  Christchurcli  City  Council^  and  some  15 
other  local  bodies,  for  the  electrification  of  the  Chri^tchurch-Lyttel- 
ton  suburban  railway,  and  for  the  requirements  of  works.  The 
natural  features  of  Lake  Coleridge  and  the  adjacent  rivers  will 
allow  of  a  very  large  extension  of  the  supply  up  to  58,000  h.p.  The 
contract  entered  into  by  the  Christchnrch  City  Council  will  enable 
that  body  to  retail  power  to  the  public  at  an  average  of  about  3d. 
per  unit  for  light  and  l^d.  per  unit  for  power.  Another  scheme  is 
under  consideration  for  the  supply  of  electrical  energy  to  all  the 
towns  in  the  North  Island,  and  it  is  anticipated  that  such  power 
mi p;lit  also  be  used  for  the  electrification  of  the  railways  and  the 
promotion  of  a  system  of  liglit  railways  throughout  the  country 
districts,  which  now  suffer  from  lack  of  communication  bocausc 
of  the  difficulty  of  providing  suitable  roads. 

Growth  of  Tramways  in  the  United  Kingdom.  ―  According  to  a 
Parlianiontary  return  just  issued  the  route  length  of  tramways 
and  light  lailways  on  public  roads  open  for  traffic  in  the  United 
Kingdom  has  since  1878  increased  from  269  miles  to  2,662  miles, 
the  capital  expenditure  from  £4,207,350  to  £79,359,758,  the  number 
of  passengers  carried  from  146,000,000  to  3,220,000,000  and  the  net 
receipts  from  £230,956  to  £5,558,121.    The  return  also  includes  13 


miles  of   tr;»(U"、s  Uoll'-.v  routo  worked    by    tho  owning 
ntithoritios.    Of  tl"'         ""(leitakings  171  to  local  anllioi-j- 

tios  and  11:'  t"  companies  or  otlior  parties.  Tl">  net  receipts  ot 
local  aittlioritios  wlio  work  trninway  im<l,'rt:ikings  Ix-IoriKin^  to 
ili('m  or  l":i、,'(l  liom  othor  local  autlioritios  amount^ft  to 
L'  l,00.",,97")  (m  tl"'  yt'Mi  's  traffic,  and  ""'y  applied  t】„',:i.V,  towanK 
tl:('  itHluctioii  of  ti'iimway  debt  and  £544,478  in  of  rat*'、， 

、v;"k  carrying  C740,749  to  reserve  and  renewal  funds.  In  tho  cas, -、 
of  four  local  autliorities  and  s(»von  companion  the  roturns  for  tnirn- 
shirx  an  excess  of  working  exponditun*  over  gm、、  rw 屮". 
Two  trackless  trolley  syst<»ms  also  show  a  (loficirncy.  In  、匸、 <  ;,、,.、 ,t 
was  noc(»ssarv  to  seek  aid  from  rates  to  meet  sonif  pari  of  tl"* 
rliarges  for  tho  .v (、； ir  (including  i"t('r*'、t  and  r"d,'"ii,tio"  of  trarn- 
u;iy  dobt). 

Employment  in  the  Engineering  Trades.— The  rnontlily  report  of 
the  Labour  Department  of  the  Board  of  Trade  says  employment 
uns  good  on  ti»o  wholt*  in  Ih'(f'ml),'i',  but  at  tho  end  ot  tl"'  month 
was 續 "'what  affected  by  holiday  suspensions  in  the  <'nKiru'*"inK 
'-'t:(1  other  ir.dustrios.  Thoro  was  apii"  "  reduction  in  tl"'  number 
ol  Pig- 1 議 furnaces  in  Mast,  but  employment  improved  slj-hdv  at 
imn  ar.d  stwl  works,  and  continued  good  in  ciiuinociiii^;  and  、liip~ 
building.  Kmploymont  at  coal  mines  romain^d  v.-iv 
^  agps  in  tlie  mamifactuivd  iron  trades  continiiVd  to 
fall  in  consequence  of  the  decline  in  prices;  in  other  trades  the 
upward  movement  ('o"tim"、(l.  Trade  in  ions  with  a  net 川<  ml"'r- 
s!uP  of  96r>，r)()()  reported  2.1,229  (or  2*0  per  cent.)  of  their  m«." 山 -,、 
"s  unemployed  at  the  er.d  of  December,  lf)】:i，  coniparod  with  2  |"'r 
(•p"t.  at  the  end  of  November,  1913,  arc!  '2:3  pci-  cent,  at  xh^  ond 
of  Member,  1912.  The  changes  in  rates  of  wa^es  taking  (>HV<  t  in 
December  affected  174,000  workpeople,  and  resulted  in  a  not 
！" cn^se  of  £7,H0()  por  wook.  As  ivgards  trade  川 tes  tl"'  nnm- 
ber  beginning  in  DecemlxM-  was  and  tl"'  t(>t;il  nuinhn  u\  U1,rk- 
people  involved  in  all  disputes  in  progress  during  tho  month  u:,、 
,)9，0 加， compartnl  with  ,VS，094  in  Nov^mbor,  191；^.  :md  :tm ；、. -'  m 
December,  1912. 

The  Dangers  of  Unfcnced  Gearing.— For  neglecting  to  d:m"*'r- 
ous  gearing  Wm.  Fletcher  &  Sons,  of  Nott、  Road,  Ih'rf'v,  u"  tv 
fim、fl  £10  and  costn  by  the  Bmmigli  magistrates  rcceiitlv.  'I  I',' " 卜,、 
、vas  a  sequel  fco  the  accident  which  occurred  at  tho  woiks  on 
:{()th，  when  a  Foreman  fitter  was  killed  bv  b(M!i^  ulm  l.'d 
round  by  unprotected  shafting  making  120  revs,  'a  mimit.'.  H*' 
had  been  standing  on  a  cupboard  to  take  sonio  nHMsun-iiu-nts,  ；, n.I 
was  111  the  act  of  descending,  when  a  portion  of  his  clothin^  was 
cji"ght，  either  by  a  pulley  or  a  projecting  set-snvw  in  ； i  coHar  of 
Jhe  bearing.  The  cupboard,  it  appeared,  had  on  othov  "(asions 
been  used  as  a  means  of  gaining  access  to  the  shafting  for  the 
purpose  of  applying  oil,  and  its  top  was  4 ft.  4in.  btlow  tlu^  ^vtu- 
i"g，  and  about  2ft.  below  the  edge  of  the  pulley.  Mr.  L.  Ward, 
factory  inspector,  also  alleged  that  despite  a  warning  whioli  h,'  h;ui 
given  the  firm,  it  was  the  custom  of  men  and  boys  in  their  employ 
to  adj ust  belts  and  lubricate  bearings  while  shai'tin*;  was  in 
motion.  For  the  defence  it  was  urged  that  deceased,  \dio  was  an 
experienced  man,  was  guilty  of  an  error  of  judgment  in  approach- 
lng  the  shafting,  which  was  situated  10ft.  from  the  floor,  and  that 
the  firm  could  not  reasonably  be  expected  to  guard  against  sucli  a 
contingency.  Tn  fixing  the  amount  of  tlie  fine,  the  Bench  took  into 
consideration  the  fact  that  defendants  were  providing  compensa- 
tion  to  tlie  amount  of  £300  for  deceased's  two  children. 

Fatal  Accidents  in  Mines  and  Quarries.— Statistics  i、、md  ii-oni  th,' 
Home  Office  show  that  during  1913  the  .soparat.'  fatal  ； "(Hlt'ms  in 
and  about  the  coal  mines  of  the  United  Kingdom  totalled  1,21。， 
tlie  death  roll  being  1,742.  In  the  preceding  year  there  were  1.M1 
fatal  accidents,  the  loss  of  life  being  1,276.  The  following  table 
gives  the  number  of  fatal  accidents  during  1913,  classified  accord- 
ing to  their  causes  and  the  lives  involved  under  each  heading  ： ― 

Number  of 

Place  or  cause.  accidents.  Deaths. 

Explosions  of  firedamp  or  coal  dust    12  4(51 

falls  of  ground   :::::    591       :::  614 

Shaft  accidents    73  9^ 

Miscellaneous  underground    364  41 111 

Total  undergi'ound    1  040  1  571 

On  surface    170  171 

1,210 

In  the  motallit'orous  mines  the  fatal  accidents  totalled  30，  and  31 
persons  wore  killed,  these  figures  being  a  decrease  of  10  and  li* 
respectively,  compared  with  the  figures  for  1912.  The  number  of 
fatal  accidents  in  quarries  during  1913  was  7S，  involving  the  1<)、、 
of  81  lives.  In  the  previous  year  there  were  71  acoidentSj  and  75 
lives  were  lost. 

Trade  Circulars  and  Catalogues.— Wt«  have  received  ftom  _M, -、、 1  、 
SchiifFer  &  Budenberg,  of  Whitworth  Street,  >ranchostei\  several 
new  descriptive  catalogues  and  price  lists  relating  to  self-rorordin^ 
pressure  gauges  and  reciprocating  and  rotary  counters,  with 
accessories  and  attachments.    These  instruments  include  a  num- 
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l)er  oi*  novol  (Itvsi^iis  inr  various  purposes,  and  indicate  in  a  striking 
man  nor  tli('  "'n 山 ii('v  in  all  modern  *Mi«;ineoriiig  work  to  secure,  as 
i  ar  ； is  [)ossil)t(\  accnra  U1  ltieasu rcnu'iit  and  jxTiiuniciit  I'ccortls  i  oi 
r*'t、'ivii[v.  •'  Kill"  of  tliunil)  "  finds  less  and  less  room  for  oxor 
ciso,  and  in  a  siniil:ir  way  individual  observation  and  memory  a  re 
lifi  rc|)l;i('('(l  I iy  aittonuitic  rccortli  11^；  nuK-hai) ism ,  、、  li()s,、  <'vidr'i('('， 
in  the  event  of  dispute,  is  uncontrovertihlo. — From  The  Coventry 
( )r(lnaiKt»  Works,  Ltd.,  、ve  havt*  received  a  copy  of  a  new  issuo  of 
tlici  I  Small  Tool  Catalogue,  whicli  deals  spcciall\'  with  all  cl;isscs 
of  drills  and  milling  cutters. ― The  Auto  Time  Checkers  Company, 
of  "3—、，  Corporation  Strcot,  ^lanchester,  send  us  a  catalo^m*  of  tlicir 
various  iiistinnuMits  tor  tinio  nn'oi'ding ；，  tell-tale  (.l"、rk i iig,  Ac,  i'm' 
the  use  of  、vat(lm"、ii,  timekeepers,  foremen,  ttc,  for  checking  in 
various  ways  cash,  goods,  and  time.— From  The  (JciuTal  KItM'tric 
Co.,  (i7,  (v)iummi  Victoria  St  ivt't ,  Loudon,  K.V.,  w  o  lia r('(vivt'(l 
t_':italogu''s  and  prico  lists  of  thoi r  specialities  rrlatin^;  to  licatin^; 
and  cooking  appliances,  electric  l>olls,  l'eHt'etors,  and  vclveduct 
ooiulnit  tubing,  the  liu'rit  claimed  for  which  is  that  the  interior 
is  as  smooth  as  solid dr;n\  n  tiib(、，  \\  liile  tli(、  price  is  much  less. 
Mr.  O.  N.  Reck,  of  11，  (^ueen  Victoria  Street,  E.C.,  sends  a  circu- 
lar (l*iscril»iii^  and  illustrating  the  action  of  t'l"'    'V;q)or''  scjiIo 


NEW  PATENTS. 


Sprcifira  I  ions  "f  fhr  foUowiiuj  air  tutjv  、/,'■</，  ami  irr  sJuill 

It r  ph'asvtl  ht  fnnratil  ropirs  post  free  an  t'c" pf  of  Khl.  Adtlrrss 
il  M  rt  ha  tin  a(  Fjti{fiti  rrry,J  53,  Nrir  /)'〃/'/'•'/  、7/' 丫/,  Ma  tuheah  r. 

MECHANICAL  1912. 

Threading  dies.    Smith.  22212. 

C1arliiirottoi-s  for  internal  c(inil»ustion  engines.    Morris.  24445. 
Power-oporated  portal 山、 liamiiUM-s.    Electric  T1  aiunuM  s,  hid.,  ； i  imI 
Scott.  24941. 

lh'ocess  for  manufacturing  steo]  or   iron.    Tisohenko  &  P];iits<in . 
27147. 

Percussivo  liamnuMs  and  drills.    WakfVr  &  Pock.  27232. 
Treatment  of  ores.    Minerals  Separation,  Ltd.  27823. 
Starting;  of  iiitrrnal  conilnistioii  onginos.    Lanchestor.  27375. 
Propnration  of  nu'tals  uik!  alloys.    Strohniou^or.  27643. 
Methods  and  means  for  mixing     is  with  air   for   2； as  funiaoos. 
Moeller.  29654. 

I  ntcrnal  combustion  engines.    Miller.  29G9U. 

Self  acting  satVtv  appliance  for  pit  hoist  or   lift  ea^os.  Uslior. 
29758. 

(ialvaiiising  or  coating  metallic    shed s.      J4\tll:i  nd,    Morris,    m lit] 
Griffiths.  29801. 

v  v;ihv.s  tor  i ntcninl-conilnistion  ongiiios.    H orslov,  TT("  sl。、'' 
and  Horsley.  29896. 

1913. 

Steam  brake.   Dobeson  -  31. 

Liquid  fuel  injecting  apparatus  for  i nternal-combustion  engines. 

Junkers.  141. 
Internal-combustion  engines.    Banks.  180. 

Cylinders  for  internal-combustion  engines.    Pratt  &  Pratt.  284. 
Variable  friction  gearing.  Christiansen  <fe  Clorius.  30]. 
Fuol  supply  arrangements  of  i ntern al-coml)  1 1  si i < >  1 1  (Mi^inos.    ( 'ni  ltM-. 
314. 

Vuriable-speed  mechanism.  Huffman.  388. 
Driving  chains.  Yoxall  &  Wadhams.  435. 
Brake  apparatus  for  railway  vehicles.   Bowles  &  Bowles.  837. 
Maim facture  of  metal  ingots.    Howard.  1166. 
Apparatus  for  cutting  the  grooves  of  twist  drills.    Best  and  Hill. 
1260. 

Fluid  meters.    British  Thomson-Houston  Company.  1722. 
Apparatus  for  controlling  speed  of  winding  engines  and  proven  ting 

overwinding.    Morton  &  Shaw.  1754. 
Pumps.    Mortimer.  2887. 

Tool  liolders  for  metal  turning  lathes.   Eikof.  2897. 
Carburetters.    Duver<j;er.  3060. 

Driving  chains.  Harrison,  Konold,  a  rid  Hans  llonold,  1 山 I.  3'J7  I. 
.\ 1:1  ttis  tor        iiin 乂  Hue  tul>tis  of  I, oilers.    Mackenzie. ''仏33. 

I I  c;it  I'c^tilators  tor  on  I'lmi'cttors  ior  interMiiI-romltustioji  onginos. 

Hans.  5632. 
Diop  hammers.    Grosdidier.  f>284. 
Mwlianical  power  hammers.    l";"k("'.    65 19. 

Toothed  gearing  for  steam  turbines.     Aktiebola^ot  Ijjnno;stronis 

Angturbin.  6699. 
Ej oc tors  for  vacuum  brake  apparatus.    Gresham.  7380. 
Fm  naces  with  moohanical  stokers  of  the  under  feed  type.  Ratel. 

741G. 

Herniation   of   turbines  and   otlior  steam   on^i^os.  Vorci 

Dampfturl>inon  (ir's.  7427. 
Rotary-fonil)U^ion  onp;iiios.    Tips.  7778. 

Supply  of  working  fluid  in  r;"li:»l  or  axial  flow  1  uiltineR.  T^ovoi- 
more  &  IMorr  is.    7H 1 1 , 


Apparatus  for  casting  metals  hy  the  lost  \\  nx  process  hy  means  oj'  a 

vacuum.    Fcnari.    81 2o. 
(Jrinding  machines.    Cam.  8(il2. 
Hot  w  attT  injt'ctors.    Navlor.    H*)l)  1. 
Sigl»t-tV('<l  luhi-icators.    Adams.    8!M ).">. 

Screw  i>r(>i)(01o(l  vt'ssrls  and  propeller  sha fts  tliofofor.    ( t s\\ orl li 

； nid  Morse.  9-S8(>. 
lilowers  for  、、at''rti 山、' 1, oilers.    Marks.    1  ()()：{."). 

puh'cri! lent  m; 山' rial  to  1 11  rii;i(('s.     V(m  l*oiat.  102M. 
("'ar  w  hc(»ls.     W'ciscii^i'u nd.     10  I08. 

Spr;i  v  carltui-et  U*rs  ior  i  ntei'ii.-i  I  (  "ml'iisl         cn^iiit'S.  I)c 
11 170. 

SpiM'd  iii(lic;»toi'.     II  aslcr  Akt.  (；) -s.  vocm.  I* 小 'grapl""i  、V«'rkM  :m  1' 

von  (；.  HasltM-.  12474. 
Machines  tor  adjnstin*!;  and  i、'（'<liii^;  plates  in  pimrliing  and  hoi-inj/ 

niiu-hiiK's.     Ui  od;i .    1 2-">8 1 . 
Refuse  (Instructors,    ('ompa^nio  (1'  I  ncinorat  iou  I  ndnstriclitv  I'JMiH. 
toiler- tiil)e  cl(*;un'rs.     liailcy.  l.'i-'i.Vt. 
Steam  ^(Micratni-s.    Cliristiji  11s. 

Mui (卜 pivssiin'  lir;ikin«i;  npparatus.    Turnor.  l.V— M". 
Vidvcloss  rotary  internal  ooiiilmstion  on^i m's.    K0I1I01 .  I 
Kcvci-sin^  ^cnriii^;.    Andorson  &  Shtt'r.     1  7 7 Go 
<  >l»t  ical  pyroinot(irs.    Si('m""s  Bros.  A*  Co.    1  7927. 
JNpo  wivnehos.    Slh-ppcnl  A'  Heller. 

Controlling  tho  drau^lit  in  strain  lioilor  fiirnacps.    IN  nt .    18  19；$. 
Systems  of  marine  [Jiopu Ision .     l^oss.  18077. 
Tank  ships  or  vessels.    lilack.  19379. 
Tootlicd  w:iriiig.    V;ni  (iiilpcii.   ^.'ill'  I. 

、，t';ms  for  admitting  air  to  tl"' 川： mif (山】 i'"akp  of  an  intt"'n:il 

conihiistion  <、iigim>.  Johnson. 
Porcussivo  lmimm'rs  and  drills.    Wakior  iV  Vock.    20790  and  ^TU] . 


I^li'ctric  ignition  devic 
l':l('('tric  cjuKllr  lamps. 
l^liM-tric  cahlo  comicfli  iig 
Cables,  Ltd.,  and  Bla< 
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L>4!)71. 
">s.  Mriti 
29774. 

1913. 


A  H.-lsl.y 


Hall. 

80. 


10. 


Ill 


for  electrically  oporiitiiig  inacliino  tools 
lOK'ctric  iiicaiulosccnt  lamp  hoklcrs.    ^lart vn. 
Processes  of  electric  、、vl(liiig.    (； ruchtol.  im. 
Spa rki iig  plugs,    liunhakon.  * 
Mlcctric  measuring  insti'timonts  of  tlio  moron ry  motor  typo. 

Tlioinsmi  H, 川 st(、n  (<<nnp;i tiy ,  a ixl  Yomig.  I800. 
Alucliiiics  lor  w  iiulintj;  coils  i'oi-  electrical  ixn  poses     H(、lm.  . 
Sy  m  l  1  ron 011s  dynamos.    loosen het  *i;.    (;8i>l . 
I^lecti'ic  incaiHlcsctMico  lamps.    Zscliockc  7()o9. 
Trolleys  or  collectors  for  electricity.    】)i'ake  &  Biii'iiett.  7213. 
I  I  i^h  j>otential  electrical  insulators.     British  Thomson-Houston 

Company.  8675. 
Electric  controlling  valve  for  air-brakes.    Gallusser.  8865. 
Ignition  dynamos.    Mason.  8964. 

Electric  annunciator  and  circuit  clianger.    Mooro.    101") 7. 
Spark  Dirand.    11737.  ~ 

h:l('<  tric  motor  control  system  for  macliines  with   rocipi-nrai  i  11  u 

motion.    "  Vulkan  "  Mas(*hiiiont'a)>riks-A kt.-CI^s.   V2VM  . 
I': I 。（'tri('ii】ly- propelled  road  vehicles.    Cross.    I8S 1 " 
( 1oininnt;itor  truoinp;  dm'icos.    L'lduig.    2091 2. 


METAL  QUOTATIONS. 

TUESDAY,  JANUARY  20th. 

Aluminium  ingot    90/ -  per  cwt. 

,,         wire,  according  to  sizes,  &c  from    117/-  " 

sheets        ，，  ，，    ，，      112/—  " 

Antimony   £28/-/-  to  £30/-/-  per  ton 

Brass,  rolled   7^d.  per  lb. 

，，    tubes  (brazed)   O^d.  ，， 

，，       ，，     (solid  drawn)   8Jd.  ，, 

，,       ，，      wire    7jd,  ，, 

Copper,  Standard    t()4/17/0  per  ton. 

Iron,  Cleveland  ；   50/9  ,, 

，， Scotch   66/9  ，， 

Lead,  English    £20/10/-  ,, 

，， Foreign  (soft)    £20/7/(>  ,, 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,,  ,,  ，，       medium   3/6  to  <>/-  ,, 

，，  ，，  ,，       large   7/6  to  】l/_  ，, 

Quicksilver   £7/10/-  per  bottle. 

Silver  :   26 Ad.  per  oz. 

Spelter    £21/11/3  per  ton. 

Tin,  block   £171/10/- ，， 

Tin  plates   12/7J  ，， 

Zinc  sheets  (Silesian)    £25/ — /—  " 

„  (Stettin  ；  Vieille  Montague)   £25/2/6  " 
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On 
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and 
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UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,    Highest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c. 


a) 


HEAD  OFFICE: 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  : 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 

NnNLEAK  jointing 

llUIHLtMIV  COMPOUND 

Will  Put  a  Stop  to  Leakhig  Joints  &  Blow-outs. 


BRITISH  MAKE  I 


FREE  PROM  LEAD  I 

IMPROVES  WITH  AGE  1 


TESTING  SAMPLES.  WILL  NEVER  BLOW  OUT,  SCALE,  OR  ROT. 

J.  E.  TURNER  &  G0.，  Ltd.,  ^  BR^bFORD^Yorks. 


NOW  READY. 

Fowler's  Mechanics  &  Machinists' 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 

The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  thousands  were  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 


Price  8d.  post  free. 

SCIENTIFIC  PUBLISHING  COMPANY, 

53,  NEW  BAILEY  STREET,  MANCHESTER. 


eAH  lUUSTRATED  WEEKLY  JOURNAL     '  yQ|    33    ^  836 


Edited  by 

WILLIAM    H .  FOWLER, 

Wh.  Sc.,  M.Inst.C.E. 


Telegrams  ：  "Scientific,"  Manchester. 
Telephone  No.  6655  City. 


SUBSCRIPTION  RATES. 


United  Kingdom  :  12/6  per  :mmim.  post  free. 

Canada  ：  14/6  per  annum,  post  free. 

Anywhere  Abroad  ： ― 

17/6*  per  ininuni.  post  lr(v.    Thin  paper  edition. 
21/-*       ，，  ，，  Thick  ，， 

*  Foreign  Heniittances  by  J ntcrnational  Money  Ordor  only. 

Note— Direct  annual  subsci-iptions  iiu-liulc  a  I'，r('(>  Copy  ot 
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The  Production  of  Power. 

The  production  of  power  is  a  question  that  concerns  more  or 
less  all  engaged  in  manufacturing  industries,  and  to  soiyie 
is  of  great  importance  owing  to  the  large  proportion  which 
the  cost  of  power  bears  to  other  costs.  In  his  paper  on  this 
subject  before  the  Manchester  Association  of  Engineers  on 
Saturday  last,  Mr.  Edward  G.  Hiller  discussed  the  question 
not  only  in  its  broad  aspects  as  regards  the  allocation  of 
power  to  various  iiulustfies  throughout  the  United  Kingdom 
and  its  bearing  on  national  coal  supply,  but  also  in  detail  as 
regards  the  various  prime  movers  adopted  to  utilise  this, 
which  is  the  primary  source  of  all  industrial  power,  it'  we 
except  imported  oil,  which,  relatively  speaking,  is  insigni- 
ficant. The  figures  collated  from  various  official  sources, 
as  well  as  from  data  available  to  liim  as  the  chief  engineer 
of  one  of  the  large  boiler  insurance  companies,  have  involved 
a  good  deal  of  careful  analysis,  and  lead  to  some  interesting 
and  instructive  conclusions.  Tt  is  our  intention  to  reproduce 
the  paper  in  full,  so  that  those  specially  interested  may  fol- 
low it  in  detail,  but  as  the  paper  is  a  lengthy  one  it  may  be 
of  convenience  if  we  here  present  its  more  salient  features. 

Prior  to  the  census  of  production  of  tlie  United  Kingdom 
taken  in  1907  nothing  approaching  complete  figures,  as  re- 
gards power  production,  was  available,  and  the  report  on  this 
is  the  source  from  which  Mr,  Hiller  has  d rawn  much  of  his 
information  respecting  power  prodiu-tion  as  a  whole.  Statis- 
tics in  regard  to  coal  output  liave  been  available  since  1873, 
and  as  coal  is  the  source  of  power,  the  consiunjjtion  per  liead 
of  population,  apart  from  improved  methods  of  utilising  it, 
i?,  roughly  speaking,  a  measure  of  our  progress  in  the 
material  comforts  which  constitute  modern  civilisation.  At 
the  date  named  the  home  consumption  was  113  million  tons 
per  annum,  or  at  the  rate  of  3  5  tons  per  head.  This  amount, 
if  we  except  minor  lluctuations,  has  steadily  advanced  until 
iu  1911，  the  last  year  for  which  figures  are  available,  it 
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； i.iiountecl  to  185  million  tons  or  4*8  tons  per  head,  an  in- 
crease of  over  60  per  cent.  Coincident  with  this  increase  in 
the  raw  supply  of  energy  steady  advances  have  been  made 
in  all  methods  of  conversion,  both  as  regards  the  production 
of  steam  and  its  utilisation  in  prime  movers,  and  hence  the 
progress  in  comfort  has  been  much  greater  than  these  figures 
would  indicate,  and  the  study  of  the  various  factors  which 
contribute  to  this  end  is  probably  the  most  interesting  portion 
of  the  paper. 

No  development  has  been  more  conspicuous  during  the  last 
20  years,  or  furnished  more  complex  problems  for  study,  than 
the  varied  types  of  prime  movers  that  have  come  into  being  ； 
and  it  will  probably  surprise  many  people  to  learn  from  the 
'■t'ii-iis  in  1907  that  out  of  the  total  of  about  10^-  million 
horse-power  distributed  amongst  various  industries  no 
less  than  nine-tenths  was  then  developed  by  reciprocating 
steam  engines,  though  the  census  of  1912,  which  is  in  pre- 
paration, will  probably  rev&al  considerable  advance  in  the 
rivals  to  this  oldest  of  prime  movers.  Changes,  even  when 
merit  justifies  it,  must  obviously  in  the  nature  of  things  be 
rather  slow.  A  new  power  plant  may  offer  considerable 
saving  in  replacing  an  older  one,  but  this  is  often  not  great 
enough  to  justify  the  scrapping  of  it,  especially  if  it  is  in 
good  condition,  ai^  thus  their  ifiroads  as  comj)etitors  is 
largely  confined  to  new  installations. 

The  total  steaia  power  of  industry  for  1907  was3  roughly, 
9'6  millions  indicated  horse-power,  and  for  the  year  1911 
Mr.  Hiller  gives  10  millions  indicated  horse-power  as  a  fair 
estimate,  aud  on  the  assumption  that  steam  engines  on  the 
average  use  61bs.  of  coal  per  indicated  horse-power  per  hour, 
and  work  2，500  hours  a  year,  G7  million  tons  would  be 
absorbed  for  power  purposes  in  the  latter  -year,  or  rather 
more  than  half  of  that  consumed  for  all  purposes  in  the 
principal  industries.  The  cash  importance  of  the  economies 
in  power  production  varies  in  different  indus£ries,  but  if,  as 
he  assumes,  mechanical  power  costs  10  per  cent,  of  the  total 
in  any  industry,  a  saving  of  10  per  cent,  in  the  cost  of  power 
will  amount  to  1  per  cent  of  the  total  cost  of  production,  and 
taking  his  basis  of  61bs.  of  coal  per  indicated  horse-power  per 
hour,  equivalent,  say,  to  6.7  tons  of  coal  per  annum,  and  coal 
at  12s.  per  ton,  this  would  mean  <£4  per  indicated  horse-power 
per  annum,  or  40  millions  sterling  for  10  million  i.h.p.,  the 
estimated  amount  for  1911.  Since  the  latter  amount  is  2\  per 
cent,  of  the  total  production  of  the  country 3  it  would  appear 
that  between  2  and  3  per  cent,  is  the  approximate  average 
importance  to  industry  of  the  fuel  cost  of  power  production. 

In  the  conversion  of  coal  into  mechanical  energy  by  steam 
prime  movers  the  boiler  is  the  first  step,  and  it  is  interesting 
in  this  connection  to  note  the  evolution  of  the  types  that 
are  mainly  employed.  No  national  census  of  these  is  avail- 
able, and  the  writer  of  the  paper,  in  forming  his  estimates, 
has  had  to  rely  upon  an  analysis  of  the  figures  relating  to 
boilers  insured  with  his  company.  They  may  not  be  strictly 
accurate,  but  are  doubtless  sufficiently  so  for  purposes  of 
general  comparison,  and  in  this  respect  are  instructive.  At 
the  present  time  in  this  country  the  Lancashire  type  of  boiler 
is  the  one  most  generally  employed  for  large  steam  installa- 
tions, and  although  it  meets  in  certain  directions  with  a 
serious  competitor  in  the  water-tube  type,  and  the  percentage 
of  the  actual  number  employed  has,  as  regards  actual  numbers, 
declined  from  36*8  per  cent,  in  1895  to  32  6  per  cent,  in  1913， 
it  still  retains  its  pre-eminence,  for  in  considering  these  per- 
centages it  should  be  borne  in  mind  that  during  recent  years 
the  tendency  lias  been  for  individual  boiler  units  to  increase 


in  size  more  rapidly  than  the  decline  in  percentage  of  num- 
bers. For  example,  during  the  period  1880-90  the  average 
diameter  was  about  7ft. ，  with  a  grate  surface  of  33  sq.  ft., 
while  in  the  next  decade  t he  average  diameter,  rouglily 
speaking,  was  increased  to  8ft. ，  with  a  grate  surface  of 
37  sq.  ft"  and  during  the  period  1900-10  the  diameter  reached 
to  about  9ft. ，  with  a  grate  surface  of  43  sq.  ft.  This,  it  may 
be  remarked,  is  about  the  maximum ― not  that  larger 
Lancashire  boilers  could  not  be  made,  but  that  considerations 
of  railway  carriage  which  in  many  cases  is  necessary  forbid 
furthei1  growth. 

The  tendency  to  increased  size  in  boiler  units,  especially 
in  large  installations,  just  noted,  is  further  reflected  in  the 
diminished  use  of  Cornish  boilers,  which,  as  regards  general 
construction,  are  similar  to  the  Lancashire^  though  tliey  only 
contain  one  internal  flue  tube  instead  of  two.  In  1895， 
according  to  the  figures  available  to  Mr.  Ililler,  Cornish 
boilers  formed  22"8  per  cent,  of  the  whole,  whereas  in  1902 
they  were  only  18*3  per  cent.，  and  in  1913  had  dwindled  to  12'7 
per  cent.  Curiously  enough,  vertical  boilers,  which  are  often 
of  small  size,  show,  in  contradistinctiou  to  Cornish  and 
Lancashire  boilers,  a  tendency  to  increase  in  number.  In 
1895  the  percentage  of  these  boilers  insured  with  Mr.  Hiller's 
company  was  16*5  per  cent.,  whereas  in  1902  the  percentage 
had  increased  to  20*3  per  cent"  and  in  1913  to  24  3  per  cent. 
This  growth  is  hardly  what  one  would  have  expected  in  view 
of  the  fact  that  this  class  of  boiler,  often  used  for  driving 
small  engines,  has  been  largely  replaced  by  gas  engines  and 
electric  motors.  On  the  other  hand,  it  was  a  class  which, 
some  years  ago,  often  escaped  the  purview  of  insurance  com- 
panies, though  it  has  since  been  largely  brought  under  their 
charge  by  the  operation  of  the.  Factory  Act  and  the  Boiler 
Explosions  Act.  It  will  be  seen,  therefore,  that  in  making 
comparisons  the  percentages  given  must  not  be  accepted  too 
literally.  One  satisfactory  feature  in  connection  with  boiler 
evolution  is  the  steady  and  unmistakable  decline  of  exter- 
nally-fired boilers,  notably  those  of  the  plain  cylindrical  egg- 
ended  and  Rastrick  types.  The  first  used  formerly  to  be 
largely  employed  at  collieries,  and  the  latter,  which  is  of  a 
similar  sliape  but  set  vertically,,  and  fitted  with  a  central 
internal  flue,  at  ironworks.  The  internal  flue  had  two  or  four 
connections  to  the  external  shell  for  conuecting  to  a  correspond- 
ing number  of  furnaces,  the  waste  gases  from  which  formed 
the  source  of  heat.  These  two  types,  some  20  years  ago,  were  a 
frequent  and  lamentable  source  of  disaster,  owing  to  the 
intense  and  variable  stresses  set  up  in  the  external  shell, 
which  is  in  a  state  of  tension,  by  the  method  of  firing,  and  it 
is  a  knowledge  of  the  loss  of  life  which  was  formerly  entailed 
by  the  use  of  these  boilers  that  renders  it  a  pleasure  to  record 
the  fact  that  the  latter  type  is  practically  discarded,  and  now 
constitutes  only  0'5  per  cent,  of  the  whole,  while  the  hori- 
zontal plain  egg-ended  boiler  has  dwindled  froni  6*7  per  cent, 
in  1895  to  2  3  per  cent,  in  1913. 

The  most  remarkable  feature  of  boiler  evolutiou  during  the 
last  20  years  is  th©  way  the  Water-tube  type  has  come  into 
vogue.  In  1895  it  constituted  only  1*8  per  cent,  of  the  total, 
whereas  last  year  the  proportion  had  risen  to  5*3  per  cent., 
but  this  while  representing  the  increase  in  niunbers,  does 
not  represent  its  real  growth,  inasmuch  as  it  is  passible 
with  boilers  of  this  type  to  increase  their  power  by 
greater  height  without  material  increase  of  floor  space.  The 
competition  between  the  Water-tube  aud  Lancashire  t)?pes  is 
not  only  interesting,  but  illustrates  the  way  in  which  special 
features  differentiate  boilers  for  particular  purposes.  In  textile 
mills  the  Lancashire  still  reigns  supreme,  anaiuly  because,  as 
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ii  unit,  it  is  often  suflicieiit  to  meet  the  power  deinand,  it 
is  very  accessible,  it  is  capable  of  using  dirty  water  to  a  cer- 
tain extent,  and  can  be  easily  constructed  to  carry  press;f; tis 
up  to  1601bs.，  and  which  very  high  economy  can  be  secured  in 
reciprocating  steam  engines,  especially  when  used  in  ooiijuno 
tion  with  a  superheater  and  Economiser.  In  electric  powoi 
stations,  where  ground  space  is  often  very  valuable,  and  where 
turbines  are  often  installed  and  pressures  up  to  2001bs.  or 
2501bs.  on  the  inch  used  with  boilers  that  can  be  rapidly  got 
under  steam  and  capable  of  developing  large  power  on  a  limited 
area,  the  water-tube  iype,with  its  external  furnace,  is  becoiuin^ 
a  standard  type.  Its  contracted  water  spaces,  however^  ne<"i's- 
siiaio  the  use  of  pure  water,  free  from  scale-forming  ingre- 
dients or  corrosive  properties,  and  in  making  compa risons 
between  the  relative  power's  of  tliis  and  other  types,  it 
has  to'  be  borne  in  mind  that  increase  of  heating  surface 
in  a  water-tube  boiler  is  merely  a  question  of  height. 
This  fact  has  been  largely  utilised,  for  whereas  in  1890  the 
power  of  an  ordinary  water-tube  boiler  was  about  equal  to 
that  of  a  Lancashire,  with  an  evaporation  of  5，0001bs.  to 
6,0001bs.  of  water  per  hour,  they  are  now  frequently  con- 
structed with  an  evaporation  of  from  four  to  five  times  this 
amount. 

Power  production  in  steam  engines  or  other  prime 川 overs 
i'urnislics  problems  of  greater  complexity  and  interest  to  mecha- 
nical engineers  than  those  usually  associated  with  boilers,  and 
Mr.  Ililler's  treatment  of  this  portion  of  the  subject,  dealing 
as  ii  does  with  questions  of  breakdowns  and  the  lessons  to 
be  derived  from  them,  culled  from  his  special  and  wide  ex- 
perience, will  probably  be  read  with  the  greatest  interest. 
It  is  only  possible  within  the  space  here  available  to  touch 
upon  a  few  of  the  more  interesting  of  these,  and  to  all  inte- 
rested in  the  construction  of  prime  movers,  whether  operated 
by  steam  or  gas,  we  would  commend  a  careful  perusal  of  his 
observations  in  detail.  The  gradual  evolution  of  the  various 
types  is  illustrated  by  him  graphically  and  in  a  manner 
that  enables  one  to  see  at  a  glance  the  date,  progress, 
and  in  some  cases  decline  in  their  use,  sucli  as  has  accom- 
panied the  beam  eugilxo  and  the  single-acting  high-speed 
central  valve  engine.  A  discussion  of  th-e  merits  of  various 
prime  movers  musfc  inevitably  be  more  or  less  intricate  and 
thorny.  They  cannot  be  determined  by  considerations  of  fuel 
economy  alone.  Reliability  and  freedom  from  costly  break- 
downs count  for  a  great  deal  in  industrial  operations, 
and  a  glance  at  the  analytical  tables  given  in  the 
paper  is  particularly  illumiuating,  and  explains  why 
the  oldest  type  of  prime  mover—the  reciprocating  steam 
engine  ―  still  rules  in  the  majority  of  cases.  Not- 
withstanding its  comparative  antiquity,  improvements  in 
tlic  directions  of  increased  pressure  and  superheat  enable  it  to 
provide  power  on  terms  which  compare  favourably  with  the 
best  of  its  rivals.  To  permit  of  a  full  comparison,  the  table 
must  be  studied  in  detail,  but  the  more  prominent  facts 
may  be  noted.  Taking  an  installation  of  steam  engine,  boiler, 
and  superheater,  the  average  steam  consumption  for  units 
up  to  250  li.p.  works  out  at  13*31bs.  per  indicated  horse-power 
hour,  or  0'137  pence  per  brake  horse-power  liour,  assuming  an 
evaporation  of  7^1bs.  of  water  per  pound  of  coal  at  13s.  per 
ton,  and  an  engine  efficiency  of  90  per  cent.  For  1,000  i.h.p. 
tliQ  fuel  cost  on  the  same  basis  is  0*123  pence.  Comparing  this 
with  the  steam  iurl>iuo  of  1,000  i.h.p.  (670  kw.),  the  fuel  cost 
of  the  latter  works  out  at  0111  pence  pvr  hrakc  liorso  power 
hour.     This  diniinishos  with  increase  of  size,  and  lor  5,000  i.li.n. 
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(3,500  kw.)  becomes  01  pence.  The  fuel  cost  of  gas  engines 
depends,  of  course,  on  the  nature  of  the  fuel  used,  but  with 
town's  gas  at  Is.  9d.  ])er  cubic  foot  it  works  out,  for  engines 
of  about  50  b.h.p.,  at  0  313  pence  per  brake  horse-power  liour. 
With  suction  gas,  using  anthracite  at  30s,  per  ton,  the  fuel 
cost  is  0193  pence,  and  is  further  reduced  to  0084  pence 
using  producer  gas  from  bituminous  slack  at  12s.  per  ton. 
In  Diesel  engines,  notwithstanding  that  the  fuel  consumption 
is  only  0'441b.  of  oil  per  brake  horse-power  hour,  and  thus 
only  about  one-third  the  amount  for  the  cheapest  gas  engine, 
the  fuel  cost  in  2)ence  per  brake  horse-power  hour  is  0*212,  or 
tiirce  times  that  of  the  gas  engines,  owing  to  tlie  liigli  price 
of  oil,  which  at  present  is  some  £4.  10s.  per  ton.  This  shows 
how  miskading  comparisons  based  on  fuel  quantities  alone 
may  be  if  regard  is  not  paid  to  cost  of  fuel,  while  this  itself 
is  not  sufficient  in  judging  of  suitability  of  a  prime  mover 
for  any  particular  service.  Many  factors  have  to  be  con- 
sidered, and  that  of  liability  and  cost  of  breakdowns  is  not  of 
least  importance. 

In  this  connection  another  table  in  Mr.  Hiller's  paper  is 
most  instructive.  It  gives  a  record  of  his  experience  as 
regards  the  liability  of  prime  movers  of  various  types  to  break- 
down, and  also  their  relative  cost.  Taking  steam  engines  as 
unity,  then  gas  engines  up  to  14in.  diani.  appear  safer,  since 
the  number  of  breakdowns  is  represented  by  0'6,  aud  break- 
down multiplied  by  cost  by  0'24.  With  this  exception, 
however,  steam  engines  shine  by  comparison  in  both  respect,"', 
and  help  to  explain  the  difficulties  which  face  its  rivals,  aud 
the  reluctance  which  power  users  who  have  to  pay  every  item, 
whether  it  be  capital  charge,  depreciation,  running  cost,  or 
upkeep,  display  towards  new  types  unless  strong  reasons  can 
be  furnished.  For  instance,  pursuing  the  above  comparison, 
it  would  appear  that  gas  engines  over  14in.  cliam.  rapidly 
increase  their  liability  to  breakdown,  owing  to  heating 
troubles  and  the  obstinate  adherence  of  makers  to  defective 
designs,  especially  as  regards  the  trunk  piston  and  the  con- 
necting rod,  the  number  of  failures  being  2*82  times  that  of 
steam  engines,  or,  multiplying  number  by  cost,  3  01.  Steam 
turbines  also  furnish  instructive  figures,  the  number  of  break- 
downs being  3*36  times,  while  number  multiplied  by  cost 
is  no  less  than  6  3  times  that  of  steam  engines.  The  nominal 
simplicity  of  the  turbine  is  often  dwelt  upon,  but  the  ugly 
side  of  their  use  revealed  by  these  figures  is,  as  a  rule,  only 
seen  by  insurance  companies  who  have  to  meet  the  bills  for 
repairs.  Latterly  the  Diesel  engine  has  come  very  much  to 
the  fr©ut,  and  for  many  purposes  has  doubtless  a  great  future, 
but  its  practical  working  is  at  present  attended  with  serious 
risk  of  breakdowns,  the  number  which  occurs,  compared  with 
steam  engines,  being  three  times  as  great,  while  the  cost  of 
these  is  3'75  times.  We  have  discussed  some  of  the  special 
difficulties  connected  with  their  working  at  various  times,  and 
notably  the  small  clearance  between  piston  and  cylinder 
diameters,  owing  to  the  high  compressive  pressures  required. 
No  doubt  the  inherently  structural  difficulties  associated  with 
tlie  steam  turbine,  the  Diesel  engine,  and  tlie  large  gas  engine 
will  in  process  of  time  be  surniounted,  but  this  process  is  not 
accelerated  by  the  refusal  of  makers  to  look  the  difficulties 
fully  in  the  face.  Comparative  figures  of  the  kind  we  liave 
quoted  shed  a  good  deal  of  light  on  their  magnitude, 
but  are  only  known  to  a  few ,  aud  not  easily  obtainable, 
and  for  this  reason  power  users  and  iMigiiieors  generally  will, 
wo  thinkj  be  grateful  to  Mr.  lliller  for  their  publication. 
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WATER-RAISING  AND  MEASUREMENT* 

BY  W.  H.  BOOTH,  F.G.S. 

Water-raising,  omitting  primitive  machines,  is  carried  out 
by  means  of  machines  which  may  be  classed  in  six  divisions, 
represented  by  the  scoop  wheel  ；  tlie  displacement  rotary 
pump  of  the  gas  exhaustion  or  other  similar  type  ；  the  centri- 
fugal pump  and  the  bucket  pump,  which  may  be  made  either 
with  a  bucket,  a  plunger,  or  both,  or  with  many  buckets  on 
a  chain  run  continuously  up  a  pipe  ；  by  the  air-lift  pump  ； 
or,  as  a  class  alone,  the  Humphrey  gas  pump,  in  which  the 
duties  of  the  pistons  of  both  the  pump  and  the  actuating 
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gas  engines  are  filled  by  the  water  to  be  raised.  Needless 
to  say,  water-raising  is  done  under  so  many  conditions  that 
considerable  judgment  must  be  used  in  selecting  the  machine 
proper  to  each  condition.  Under  very  heavy  pressure  the 
bucket  of  a  reciprocating  pump  takes  the  form  of  a  ram. 
The  extreme  case  is  the  small  ram  of  the  pump  of  an  hydraulic 
press.  The  more  moderate  case  is  the  boiler  feed  pump. 
The  scoop  wheel,  Fig.  1，  is  a  very  low  breast  water  wheel 
reversed,  and,  as  they  may  be  seen  in  Holland,  where  tliey 
are  used  in  lifts  of  about  4ft.,  they  are  very  efficient  machines 
to  freshen  up  the  Amsterdam  canals ― that  is  to  say，  to 
remove  the  stagnant  water  when  the  canals  are  supplied  with 
clean  water  from  the  sea  or  some  land  drain.  The  scoop 
wheel  is  large  and  slow  of  movement.  The  floats  are  not 
radial,  but  so  inclined  tliat  the  edges  somewhat  face  the 
stream  to  be  raised  and  discharge  at  a  convenient  angle  on 
the  upstream  side  of  the  low  lift,  so  that  the  water  in  dropping 
out  of  the  wheel  gives  a  minimum  of  back  pressure. 

The  growing  certainty  of  high- speed  machinery  lias  led 
to  the  gradual  displacement  of  both  scoop  wheels  and 
bucket  pumps  in  land  drainage  works  by  the  centrifugal 
pump.  The  basis  of  design  of  this  pump  is  the  principle 
of  gravity.  Any  falling  body  acquires  a  velocity  about 
8\/H  or  V  =  \/2f/H ― where  V  =  velocity  in  feet  per  second, 
H  =  height  of  fall  in  feet,  and  g  =  gravity  or  32  2ft.  per 
second.  Thus  a  fall  of  4ft.  gives  a  velocity  of  16ffc.  per 
second,  and  the  tips  of  the  vanes  or  blades  of  a  centrifugal 
pump  must  usually  move  faster  than  this  velocity  if  they  are 
to  raise  water  4ft.  Thus  on  a  lift  of  100ft.  the  tip  velocity 
must  exceed  80ft.  per  second. 

But  Rankine  gives  as  the  velocity  of  the  tip  of  a  blade 
.     V2  ― 
the  expression  —  =  //,  or  V  =  y/gh,  for,  in  a  vortex,  not  only 

is  there  the  energy  due  to  the  velocity  of  the  water,  but  that 
due  to  its  centrifugal  pressure,  and  the  result  is  that  in  well- 
designed  pumps  the  height  pumped  is  greater  than  the  tip 
velocity  would  give  alone. 

Only  large  pumps  appear  to  be  capable  of  utilising  the 
principle  of  the  free  vortex  as  described  by  Rankine，  and 
usually  the  velocity  must  exceed  ^/2  gh,  for  not  only  must 
the  actual  head  be  overcome,  but  also  an  additional  head 
which  represents  the  velocity  of  delivery  of  the  water,  and, 
still  further,  the  additional  friction  head.  For  best  efficiency 
the  runner  should  discharge  to  the  outer  spiral  through  a 
divergent  whirl  chamber  with  guide  plates  so  as  to  approxi- 
mate to  a  reversed  turbine,  the  energy  of  the  fast-moving 
water  being  converted  thus  into  pressure  energy  in  place  of 
being  lost  in  eddy  production. 

Centrifugal  pumps  are  applied  to  higher  lifts  by  being 
placed  in  series,  one  wheel  behind  another,  the  pressure 
equivalent  to  the  great  head  being  obtained  in  stages,  the 
sum  of  which- amounts  fco  the  total  pressure  of  the  head  to 
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be  surmounted.    Thus  eacli  runner,  except  the  first,  receives 
its  water  under  pressure,  and  adds  a  further  energy  to  it. 

The  centrifugal  ])ump  is  a  machine  with  which  many 
engineers  are  insufficiently  familiar  ；  it  is  not  positive  in  its 
action.  Close  the  delivery  pipe  of  a  bucket  pump,  and 
something  must  burst  or  break  or  stop .  Close  the  delivery 
of  a  centrifugal  pump,  and  the  engine  which  is  driving  it 
will  run  away.  The  reason  is  that  the  pump  runner  simply 
rotates  with  the  casing  full  of  water  as  a  plain  disc.  No 
water  is  delivered  ；  no  work  is  done  ；  friction  alone  is  over- 
come. A  contractor  was  once  brought  to  ruin  because  an 
engineer  specified  a  certain  size  of  centrifugal  pump  ；  he 
specified  the  height  at  which  a  specified  quantity  of  water 
should  be  delivered  ；  he  specified  the  power  of  the  pump 
motor,  and  he  specified  the  efficiency.  To  deliver  the  quan- 
tity and  no  more  the  pump  had  to  be  throttled.  This  reduced 
the  efficiency.  If  run  unthrottled  it  delivered  so  much  water 
that  the  motor  ran  hot  through  overload.  The  things  speci- 
fied were  incompatible  and  the  poor  contractor  was  ruined 
by  this  engineer,  who  was  perfectly  good  in  his  intentions 
and  believed  that  he  was  being  badly  treated,  by  the  con- 
tractor. The  specified  askings  were  impossible  of  attainment 
in  so  disproportioned  a  scheme.  It  was  wrong  to  tie  the 
contractor's  hands  so  far，  for  h©  had  a  right  to  assume  that 
the  engineer  knew,  or  if  he  had  been  left  with  a  free  hand 
lie  could  have  obtained  advice  from  some  engineer  who  did 
know,  and  h©  would  then  have-  put  in  a  pump  little  over  half 
the  capacity  of  the  pump  asked  for.  - 

The  rotary  pump  other  than  the  centrifugal  takes  mauy- 
forms.  In  one,  that  favourite  form  of  rotary  engine  with 
a  sliding  shutter  in  a  cylinder,  as  used  in  Beale，s  gas 
exhauster,  has  been  a  success  as  a  pump,  if  a  failure  as  an 
engine.  The  Roots  type  of  pump,  in  which  a  pair  of  two- 
lob  ed  or  three-lobed  rotors  are  run  together  in  a  Fig.  oo 
casing,  has  been  greatly  used,  and  there  have  been,  and  are, 
many  forms  of  screw  pumps  for  which  special  claims  are 
made  in  respect  of  their  capacity  to 
deal  with  mud  Sometimes  pumps 
apparently  rotary,  are  merely  so  m any- 
little  plunger  pumps  embodied  in  a 
rotary  part,  the  plungers  being 
actuated  by  some  cam  path  about 
which  the  rotor  turns.  These  are 
really  bucket  type  pumps,  and  have  a 
useful  field  of  limited  area. 

The  choice  of  a  pump  will  be  in- 
fluenced by  the  quality  of  the  liquid 
to  be  raised,  by  the  height  of  the  suc- 
tion and  delivery,  and  by  the  motive 
power  available,  for  upon  the  motor 
must  the  style  of  the  pump  depend  to 
some  extent.  Thus  any  form  of  rotary 
pump  may  be  driven  by  a  steam  en- 
gine, a  gas  engine,  a  turbine  or  an 
electric  motor,  and  the  connection  be- 
tween the'  motive  power  and  the  pump 
will  either  be  direct  or  through  a  belt, 
rope,  chain,  or  worm  gear. 

The  air  lift  pump,  Fig.  2,  sometimes 
employed  in  boreholes,  has  the  advan- 
tage that  it  will  lift  more  water  from  a 
borehole  than  can  be  raised  by  any 
single-barrel  pump.  Its  disadvantages 
are  that  it  absorbs  several  times  as  much 
power  to  drive  it;  that  often  it  neces- 
sitates a  needlessly  deep  borehole  to  con- 
tain it,  for  the  length  below  the  pumped  water  level  must  be 
usually  sixty  p&r  cent,  of  the  total  height  of  delivery  above 
the  air  inlet.  Then  the  air-charged  water  is  very  corrosive, 
and  soon  destroys  the  rising  mains  and  other  pipes,  heating 
apparatus,  <fec.  Its  action  is  simple  :  air  is  pumped  down 
the  borehole  and  enters  the  rising  maiu  near  its  lower  end. 
The  water  and  air  in  each  100ft.  of  this  column  are  less  in 
gravity  than  each  60ft.  of  the  solid  water  outside  this  column 
of  froth  and  the  acting  ageut  is  the  external  water,  and  this 
becomes  froth  when  it  enters  the  rising  main  with  the  stream 
of  compressed  air.  The  serious  inefficiency  of  an  air  lift  arises 
from  the  fact  that  air  compression  is  a  very  inefficient  process, 
and  there  is  probably  very  great  slip  between  the  air  and  the 
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water  In  tin*  rising  main,  especially  in  liigh  lifts.  Wlien  tli(、 
lift  is  considerably  above  the  surface,  an  auxiliary  mechanical 
])inup  is  required  and  the  so-called  sm 屮 1"  air  lift  is  t'ouiMl  to 
resolve  itself  into  a  room  full  of  motive  machinery,  air  com- 
pressors, reservoirs,  auxiliary  pumps  and  accessories,  which 
compare  badly  with  tlic  simple  ami  efficient  single-barrel 
pump,  working  lor  u  tliircl  ()r  ； i  fii'tli  of  the  motive  power,  and 
occupying  an  eighth  or  a  twelfth  of  the  space. 

In  all  cases  the  water  level  in  a  well  must  fall  more  or  less 
while  it  is  being  pumped,  and  the  starting  pressure  of  an  air 
lift  pump  must  exceed  the  running  pressure  by  the  attunmt  of 
this  difference  of  head.  In  Fig.  2  is  si i own  the  air-lift  jnnnp  in 
outline.  In  this  case'  the  air  is  sent  down  between  the  casing 
of  the  borehole  and  the  rising  main.  Tn  other  cases  a  small 
air  pipe  is  carried  down  in  the  space  and  delivers  at  C，  the  air 
pipe  end  being  turned  up  an  inch  or  t wo  inside  the  main,  or 
the  air  pipe  may  be  inside  the  main.  Where  the  pump  niusl 
t'xtentl  down  the  borehole  below  the  points  at  whidi  water 
enters  this  from  the  rock  fissures,  the  pump  musi  not  be  too 
close  a  fit  in  the  borehole,  or  there  will  not  be  room  for  the 
water  to  flow  down  tlie  narrow  annular  space  to  reach  point  C. 

Various  devices  for  admitting  the  compressed  air  to  the 
foot  piece  have  been  evolved  and  probably  serve  some  purpose 
of  the  touting  salesman,  but  common-sense  hardly  supports 
belief  in  any  arrangement  of  air  bubbles  in  a  rising  main 
being  influenced  by  any  system  differing  from  a  plain  up- 
turned jet  pipe  or  the  escape  of  air  round  the  edge  of  the  main 
foot. 

Generally  in  pumping  water  the  aim  should  be  to  maintain 
it  in  continuous  movement  in  one  direction,  at  a  velocity  as 
uniform  as  possible  and  to  avoid  sharp  turns  and  strangled 
passages. 

With  reasonable  care  the  theoretical  liorse-power,  or  the 
water  horse- power,  will  be  amply  provided  for  by  a  motive 
power  50  to  100  per  cent,  greater.  For  small  work  it  is 
usual  to  provide  double  the  water  horse-power,  because  small 
gas  engines  are  so  very  like  toys,  and  small  gas  producers  are 
mere  toys.  But  even  with  these  small  affairs  it  will  be  found 
often  that  one  producer  will  drive  two  engines  and  run  with 
a  greater  number  of  cut-outs  tlian  when  driving  only  one 
engine.  This  merely  proves  that  a  heavier  draught  is  required 
to  attain  the  more  efficient  gas-making  temperature.  With 
good  work  the  double  ratio,  of  power  to  work  gives  a  rather 
extravagant  margin  of  power. 

Despite  the  remark  just  made  about  maintaining  the 
water  in  continuous  one-way  movement  it  is  remarkable  that 
the  latest  and  simplest  pump  works  by  virtue  of  a  mass  of 
water  which  oscillates  to  and  fro  in  a  long  pipe.  The  Hum- 
phrey gas  pump  is,  of  course,  referred  to.  In  it  wa'ter  does  the 
work  which  is  otherwise  done  by  the  piston  rods,  crossheads 
； md  llywheels  of  the  steam  and  gas  engine  and  the  piston 
pump.  It  has  none  of  these  details,  for  it  possesses  only  gas 
inlet  and  exhaust  valves  and  the  water  valves.  In  this  pump 
a  gas  and  air  mixture  is  exploded  in  a  chamber,  Fig.  3，  and 
sets  a  column  of  water  in  motion  along  a  pipe  and  up  a  riser. 
The  gas  expands  to  below  atmosphere  and  the  exhaust  valve 
opens  and  locks  open  ；  the  water  column  returns,  closes  the 
exhaust  valve  after  expelling  most  of  the  gases,  and  com- 
presses  the  remainder  above  exhaust  valve  level.  This  com- 
pressed gas  again  propels  the  water  forward,  and  air,  gas, 
； m(l  water  are  drawn  into  the  partially  vacuous  space.  Again 
tlie  water  returns,  and  the  valves  being  now  all  shut  the  gas 
mixture  is  compressed  and  fired  and  the  above  cycle  repeated, 
the  suckctl-iii  water  being  expelled  at  the  head  of  the  riser  by 
each  explosion.  At  Cliingford  each  of  the  four  large  pumps 
will  piunp  50,000,000  gallons  pei*  day  to  a  heiglit  of 
25ft.  or  a  quantity  equal  to  the  entire  supply  of  M;hii'1icsI:m' 
i*nd  Salford.  The  ability  to  expand  below  the  atmosphere  and 
the  absence  of  mechanism  coinhiue  to  i)rocluce  great  economy 
and  fit.  tlii^  pump  for  great  works  of  drainage  and  irrigat  ion. 
It  will  work  io  lifts  of  300ft.  and  can  thus  be  employed  to  pro- 
du(，e  artificial  waterfalls  i'or  working  h vdro-electric  plants, 
thus  enabling  those  engineers  who  are  afraid  of  big  gas 
engines  to  utilise  waste  blastfurnace  gas  for  power  purposes 
()" lines  possibly  even  more  economical  than  by  electric  gene- 
rators driven  by  rotative  <^as  engines.  In  tlic  Huniphrev 
pump  the  velocity  witli  wliicli  the  water  is  driven  along  tlie 
body  })ipe  will  depend  upon  tlie  pressure  of  oxplu^iun  above 
atniospliere  and  the  weiglit  of  water  to  be  moved. 


'I'll is  pump  Crin  Ik'  made  in  many  fonns.  It  may  be 
two  o r  four  stroke  in  cycle,  single  or  double  (:liaml"'i ' 'L 
an  air  compressor,  or  at  once  both  a  pump  and  an  air  com- 
pressor. There  is  no  mechanism  except  valve  gear,  and 
this  only  extends  to  some  liglit  locking  apparatus,  for  t Ik- 
valves  oj)en  automatically. 

The  larger  pump  at  Chiiigforcl  has  the  general  form  of 
Pig.  3，  and  consists  of  a  horizontal  pipe  6ft.  diam.  and 
61ft.  9in.  long,  carrying  a  vertical  column  A,  the  head  of 
which  is  the  gas  explosion  vessel,  and  carries  all  the  valve 
gear.  This  chamber,  about  6Aft.  diam.,  stands  on  the  water 
inlet  column  which  is  10ft.  long  and  7ft.  diam.,  made  up  of 
about  16  rings  of  simple  inward  opening  flap  valves  with 
light  helical  springs  to  shut  tliern.  This  length  of  HMt. 
stands  on  the  base  of  a  large  pit  into  which  flow  I'oiu*  ])\\k-> 
from  the  intake  from  the  River  Lea.  The  horizontal  pipe 
is  nearly  62ft.  long,  to  the  great  riser  which  is  of  boiler 
plate  and  tapers  from  6ft.  diam.  to  15ft.  at  a  heiglit  of 
53ft.  6in.  above  the  horizontal  centre  line.  Out  of  this  riser 
C  leaves  the  4ft.  discharge  pipe  to  the  reservoir.  At  tlie  top 
of  the  combustion  chamber  there  is  an  air  trunk  for  scaveng- 
ing air  S.  Immediately  round  the  base  of  this  trunk  stands 
the  circle  of  eight  scavenger  valves  hung  on  light  closing 
springs.  On  a  larger  circle  stand  next  the  gas  inlet  valves, 
similarly  hung,  and  then,  on  an  outer  circle,  eight  air  valves 
of  the  same  design.    Just  below  the  curved  dome  of  the  gas 
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chamber  stand  out  the  bonnets  of  the  16  exhaust  valves  E， 
which  discharge  to  an  outer  belt  through  light  non-return 
valves. 

Round  tlie  *air  trunk  a  light  brass  ring  is  carried  on  a 
plain  bearing,  and  is  rotated  to  and  fro  through  a  small 
angle  by  means  of  a  tangent  rod  worked  from  a  little  water 
pressure  device  actuated  by  the  water.  Eight  other 
tangent  rods  are  attached  to  this  dug.  These  work  the 
little  locking  bars  on  the  scavenging,  gas  inlet,  and  air  inlet 
valves,  the  first  being  locked  when  the  last  two  are  unlocked, 
and  vice  versa.  The  rods  also  lock  and  unlock  the  exhaust 
valves  which  open  into  the  gas  chamber,  and  are  held  open 
by  light  spring  pressure. 

Watching  the  pump  at  work  this  is  what  appears  to 
happen.  The  gas  explodes  and  drives  the  water  along  the 
great  pipe,  and  near  the  top  of  the  tower  C,  the  water  wells 
up  about  3ft.,  lifting  a  heavy  circular  pinewood  float  /,  an 
auti-splash  board.  All  the  time,  steadily,  water  flows  out 
at  D.  The  mass  of  water  moves  many  feet  past  the  、、'at  r 
valve  W，  and  the  gases  expand  below  atmosphere,  and  about 
12  tons  of  water  enter  the  pump  (say,  30,0001bs.)  at  the 
valves  \V.  Also,  being  unlocked  by  the  last  surge  up  of 
the  water  column,  acting  to  move  the  tangent  ring,  the 
scavenging  valves  open  into  the  partial  vacuum,  and  clean  air 
enters  and  pushes  the  burned  gases  clown  to  the  exhaust 
valve  level.  The  water  tower  now  sends  back  the  water  by 
gravity  and  pushes  out  the  exhaust  gases,  the  exliaust 
valves  having  been  opened  by  their  light  spiin^s  into  the 
gas  chamber  and  the  second  a  ry  iion-retiirn  valves  remaining 
always  shut  against  any  return  of  the  exliaust  when  the 
primary  exhaust  valves  are  opened  iuto  the  partial  vacuum. 

The  gas  chamber  is  now  empty,  the  exliaust  valves  are 
closed  by  the  return  of  the  water,  the  springs  close  tlie 
scavenger  valves :  the  rising  water,  through  the  device 
named,  locks  these  two  sets  of  valves,  and  the  water,  still 
forcibly  rising,  compresses  all  gas  and  air  above  exhaust 
level.    The  pressure  of  this  air  then  again  driven  forward 
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the  water  ；  it  rises  now  only  a  few  inches  in  the  coned 
tower  C，  and  again  creates  a  partial  vacuum  in  the  gas 
chamber,  so  that  the  gas  and  air  valves  now  let  in  their 
charges,  and  the  partial  vacuum  is  destroyed  and  the  valves 
are  then  closed  by  their  springs.  The  water  again  surges 
back  on  its  fourth  swing,  and  compresses  the  now  combus- 
•tible  charge  which  is  electrically  fired,  and  the  cycle  is  com- 
plete. The  second  rise  in  the  tower  is  only  perhaps  8in.  or 
9iu.  The  water  movement  in  the  tower  is,  of  course,  only 
about  a  fifth  to  a  sixth  that  in  the  pump  body  B.  The 
actual  ratio  is  concealed  under  the  constant  flow  at  the  4ft. 
pipe  D，  which  flows  steadily  all  the  time.  Every  valve  opens 
and  closes  automatically.  The  only  duty  of  the  mechanism 
of  the  tangent  rods  is  to  slip  into  place  the 


little  locking  bars  which  hold  the  valves 
shut  until  they  are  wanted  to  open. 

In  the  old  Cornish  pump  the  water 
was  forced  up  by  the  descent  of  heavy 
pump  rods  to  which  the  pumps  were  con- 
nected at  different  mine  levels.  These 


rods  were  hung  to  one  end  of  a  great 
FlG  4'  beam,  to  the  other  end  of  which  was 

hung  a  steam  piston.  This  piston  was  forced  into  the 
vacuous  cylinder  base  by  the  admission  of  atmospheric 
steam  above  it.  It  lifted  the  rods  and  these  descended  and 
did  the  work  (")  of  raising  the  water,  (b)  of  transferring 
the  steam  through  the  by-pass  to  the  underside  of  the 
rising  piston.  The  cylinder  base  was  then  opened  to  the 
condenser,  and  the  above  cycle  repeated.  In  later  work 
the  pumping  engine  of  this  type  had  a  crank  and  flywheel. 
These  obviated  the  need  for  the  spring  beams,  which  checked 
auy  too  vigorous  action  of  the  vacuum  stroke  in  lifting 
the  rods  ；  it  enabled  the  engine  to  do  its  work  with  the  least 
possible  steam  expenditure,  though  it  involved  more  bearing 
friction.  It  was  the  great  size  of  such  engines  and  their 
cost  and  elaborate  foundations  that  favoured  the  introduc- 
tion of  centrifugal  pumps  for  low-lift  work  of  large  output 
with  small  high-speed  engines,  and  this,  too,  in  spite  of 
the  inferior  efficiency  and  economy.  Such  pumps  have  been 
employed  in  Egypt,  notably  at  Khatatbeh,  where  five  Farcot 
pumps  of  about  12'6ft.  diam.  raised  water  about  10ft.  when 
running  32  turns  per  minute.  Thus  the  tip  velocity  is  21ft. 
per  second,  the  suction  tube  nearly  10ft.,  and  the  outlet  5；} ft. 
diam. 

Certainly,  for  low  lifts ― probably  for  any  lifts  within  its 
capacity ― the  Humphrey  gas  pump  is  at  once  the  most 
economical,  both  in  first  cost  and  maintenance,  as  well  as 
in  fuel,  for  it  secures  at  once  the  abolition  of  nearly  all 
mechanism  either  of  the  motive  power  or  of  the  pump,  and 
it  secures  the  higher  thermal  efficiency  possible  with  gas 
power  and  the  additional  expansion  below  atmosphere. 

Whether  in  passages,  or  in  the  body  of  a  pump,  it  is 
essential  that  there  should  be  no  sudden  changes  of  cross- 
section  or  direction.  Thus  a  centrifugal  pump  starts  with 
a  large  inlet  gradually  reduced  to  deliver  the  water  without 
shock  to  the  runner,  and  this,  in  the  best  designs,  delivers 
it  to  a  set  of  guide  blades  in  a  whirl  chamber,  and  so  to  the 
outer  spiral  and  final  delivery. 

Valves,  if  only  to  prevent  flow  back  of  streams  moving 
continuously,  should  open  clear  of  the  passage  way.  For 
reciprocating  pumps,  they  must  close  of  their  own  natural 
elasticity.  One  of  the  best  is  the  Gutermuth  valve,  Fig.  4， 
a  strip  of  metal  V,  which  closes  on  an  outlet  port  P，  which  is 
sloped  to  give  a  large  opening  for  a  small  valve  movement 
and  whose  hinge  H  is  formed  from  the  valve  strip  itself 
wound  like  a  clock  spring,  and  thus  very  easy  and  elastic. 

The  driving  of  pumps  by  gears,  ropes,  belts,  or  chains,  as 
connecting  pieces  between  a  rotary  motor  and  the  pump  gear, 
does  not  call  for  much  discussion.  Gears,  if  well  made, 
probably  have  superior  efficiency  to  either  belts  or  ropes. 
Belts  are  usually  too  thick  and  too  narrow.  For  small 
machinery,  the  double  thick  belt  is  a  mistake.  It  should  be 
thin,  wide,  and  pliable.  Ropes  and  chains  require  a  clutch 
for  starting,  and  the  belt  avoids  this.  The  loose  pulley 
should  run  on  a  collar,  not  on  the  shaft,  and  it  should  be  ^in. 
less  in  diameter  than  the  fast  pulley ^  so  as  to  permit  the  idle 
belt  to  shrink  and  rest  when  off  duty. 


It  is  useful  wlien  dealing  in  water  questions  to  acquire 
a  stock  of  useful  figures  for  mental  calculation.  Thus,  a 
yard  of  water  in  a ,  circular  pipe  of  D  inches  diameter 
weighs  T>2  pounds.  A  4in.  ])i|>e  holds  161bs.  or  1'6  gall,  per 
yard.  Hence  follows  the  rule  that  the  square  of  the  diameter 
of  a  pump  gives  the  yield  in  gallons  per  minute  if  the  stroke 
is  18in.  and  the  speed  20  working  strokes  per  minute.  Thus 
a  6in.  pump  yields  36  galls,  per  minute,  or  2,160  galls,  per 
hour.  Suppose  the  stroke  is  24in.,  it  is  easy  to  divide  2，iG0 
by  3  =  720，  and  add  this  mentally  to  2,160  =  2,880  galls,  per 
hour.  If  also  the  speed  is  18  instead  of  20，  take  a  tenth  of 
2,880  =  288  and  subtract  it  from  2,880  =  2,592  galls. 

The  circular  incli  is  a  useful  measure,  for  upon  a  circular 
inch  of  area  a  1ft.  column  of  water  gives  a  pressure  of  just 
over  one-third  of  a  pound,  a  figure  easier  to  work  with 
mentally  than  the  0'431b.  per  square  inch. 

The  amount  of  water  raised  by  pumps  is  told  with  fair 
approximation  to  accuracy  by  counting  the  strokes  ；  but 
Hie  Venturi  meter  can  now  be  used,  witli  little  added  obstruc- 
tion to  flow,  to  give  much  closer  accuracy.  This  meter,  Fig.  5， 
is  a  modern  application  of  a  curious  phenomenon  known  for 
many  years.  Where  a  jet  of  water  or  a  stream  is  compelled 
by  following  pressure  to  hurry  itself  through  a  narrowing 
passage,  its  tendency  to  exert  lateral  pressure  is  reduced,  and 
it  is  possible  with  a  well-proportioned  narrowing  throat 
actually  to  cut  away  a  pipe,  and  the  moving  jet  will  jump 
the  gap  and  continue  in  the  pipe  to  move  against  pressure 
without  escaping  laterally.  For  very  large  supplies  the  Ven- 
turi meter  gives  accurate  results.  It  works  on  the  principle 
that,  if  a  stream  of  water  changes  its  velocity  in  a  closed 
pipe  of  varying  cross-section,  the  pressure  it  exerts  laterally 
will  be  varied  also.  The  Venturi  meter  consists  of  a  short 
throat  in  a  pipe,  and  joined  to  it  by  conical  lengths.  These 
compel  the  water  to  travel  gradually  more  quickly,  and  the 
throat  velocity  is  several  times  that  in  the  pipe  at  each  side 
of  it.  Pressure  gauges  on  the  pipe  and  on  the  throat  will 
show  different  pressures,  that  of  the  throat  jet  being  a 
miuimum.  This  pressure  difference  is  recorded  in  terms  of 
gallons  passing. 

In  order  to  keep  continuous  records  of  the  air-pump  dis- 
charge from  a  surface  condenser  Mr.  Lea  brought  out  his 
recorder.    It  consists  of  a  tank,  into  which  the  discharge  is 


Fig.  5. 

delivered,  and  of  a  chamber  which  contains  a  float  so  con- 
nected to  a  drum  with  a  spiral  groove  that  the  pencil  of  a 
recorder,  which  pencil  is  moved  by  a  stud  in  the  spiral  groove, 
traces  a  line  showing  flow  velocity  on  a  paper  drum.  The 
integration  of  the  diagram  gives  the  total  flow  in  a  given 
length  of  time.  The  height  of  the  curve  shows  the  flow  at  any 
instant. 


North-cast  Coast  Institution  of  Engineers  and  Shipbuilders' 
Scholarship. ~ A  scholarship  will  be  offered  for  competition 
among  graduates  of  the  North-east  Coast  Institution  of  En- 
gineers and  Shipbuilders  in  September  next.  The  scholarship 
is  tenable  for  two  years,  and  is  of  the  annual  value  of  £50. 
The  scholarship  will  be  awarded  on  the  results  of  an  examina- 
tion held  in  Newcastle  during  the  month  of  September, 
simultaneously  with  the  matriculation  examination  of  Dur- 
ham University,  in  the  following  subjects :  (a)  English, 
(b)  mathematics,  (c)  experimental  science.  Every  candidate 
for  the  scholarship  shall  be  a  British  subject  and  a  member 
of  the  graduate  section  of  the  Institution  of  uot 】ess  than 
one  year's  standing,  and  shall  have  served  or  be  serving  an 
apprenticeship  on  the  North-east  Coast.  Candidates  for  the 
scholarship  must  forward  a  written  application  on  the  pre- 
scribed form  to  the  Secretary  of  the  Institution,  on  or 
oefore  August  1st.  Full  particulars  and  detailed  syllabus 
of  the  subjects  of  the  examination  may  be  had  on  application 
to  the  Secretary,  North-east  Coast  Institution  of  Engineers 
and  Shipbuilders,  Bolbec  Hall,  Newcastle-oii-Tyue. 
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DRYING  CYLINDER  EXPLOSION  AT  BRADFORD. 

Board  of  Trade  Enquihv. 
Mit.  A.  II.  Hudson,  K.C.,  and  Mr.  John  MrLarcn,  、、'lm  IijhI 
been  appointed  by  the  Board  of  Trade  as  a  formal  <-ourt  of 
enquiry  to  investigate  an  explosion  which  to"k  place  at  the 
Valley  Dyeworks,  Bradford,  in  April  last,  and  killed  ； i  man 
through  the  bursting  of  a  drying  cylinder,  delivered  judg- 
ment on  Saturday,  the  24th  inst.,  at  tlie  Bradt'oicl 
Town  Hall. 

Mr.  Hudson  said  that  lie  and  liis  t'ellow-coimnissiontM* 
found  that  the  owners  (Messrs.  J.  R.  Denison  ^  Co.)  were 
not  to  blame,  but  the  makers  of  the  machine  (Messrs.  E. 
Hoyle  &  Sons,  Halifax),  Mr.  Arthur  Silverwood  (  works 
manager),  Mr.  Jaine's  William  Iianks  (works  engineer),  Mr. 
Arthur  Kendall  (foreman  iti  the  dyeing  and  mercerising  de- 
partment), and  Michael  0，Dea  (who  was  killed),  all  confi'i- 
buted  to  the  explosion,  and  were  all  more  or  less  to  blame  for 
it.  The  wonder  was,  added  Air.  Hudson,  that  the  explosion 
did  not  occur  before,  because  it  seemed  to  the  Conmiissioiiers, 
although  the  evidence  was  not  at  all  satisfactory  on  t  lie 
point,  that  the  machine  must  have  been  worked  at  a  pressure 
of  steam  of  over  151bs.  During  the  six  and  a  half  years  tli'' 
machine  was  running —- up  to  the  time  of  the  explosion ― the 
safety  valves  were  never  overhauled  and  never  taken  apart  ； 
and  no  one  ever  made  a  thorough  examination  of  the  cylin- 
ders. ()，Dea  stopped  the  machine  in  the  course  of  his  work: 
without  turning  off  the  steam,  contrary  to  the  rules,  and  this 
contributed  to  the  accide'it. 

For  guidance  as  to  the  future  use  of  the  machine,  the 
Connnissioners  suggested  that  (1)  the  area  of  the  outlet  of 
the  safety  valve  should  be  large,  because  of  the  low  pressure 
of  the  steam  in  the  machine  ；  (2)  periodical  tests  should  be 
made  by  hydraulic  pressure  ；  (3)  to  enable  this  to  be  clone 
without  dislocating  trade  it  might  be  desirable  to  have  spare 
cylinders. 

In  conclusion,  the  Commissioners  answered  the  questions 
of  the  Board  of  Trade  solicitor  as  follows  ： ― 

(1)  Was  the  machine  supplied  with  proper  and  adequate 
nioimtiiigs  ？ ― No. 

(2)  Were  the  mountings  properly  fitted  and  in  the  best 
position  for  the  purpose  for  which  they  were  used  ？ —— No. 

(3)  Was  the  machine,  including  the  cylinder  which  ex- 
ploded, periodically  inspected  by  a  competent  person  ？ ― No. 

(4)  Were  proper  measures  taken  by  the  owners  and  works 
engineer  to  ensure  that  the  machine  was  worked  under  safe 
conditions  ？ ― Proper  measures  were  taken  by  the  owners  in 
appointing  a  competent  engineer,  but  nothing  was  done  by 
the  engineer  to  examine  the  work  done  by  Hoyle  &  Sons  or 
the  mountings  which  they  had  fitted. 

(5)  Was  the  machine  entrusted  to  a  competent  person  or 
persons  ？ ― With  regard  to  O'Dea  a  competent  person  was  put 
on  to  look  after  the  machine,  but  he  had  practically  no  ex- 
perience of  the  particular  machine,  and  he  did  not  know  that 
the  safety  valve  was  overloaded,  while  the  men  working  under 
him  were  not  performing  their  regular  duties. 

No  order  was  made  as  to  the  costs  of  the  enquiry. 

VALVE  ARRANGEMENTS  FOR  INTERNAL-COMBUSTION 
ENGINES. 

The  accompanying  illustration  shows  a  sectional  view  of  an 
internal-combustion  engine,  patented  by  Mr.  W.  A.  James, 
Station  House,  Cornwood,  Devon,  and  designed  with  a  view  to 
simplify  the  valve  chamber  and  the  valve  passages  leading  to 
the  cylinder, ,  so  as  to  ensure  the  free  flow  as  well  as  avoid 
the  retardation  of  the  passage  of  the  gases  through  the  action 
of  "  pockets  ，'  or  narrow  ports.  The  cylinder  is  provided  on 
its  end  witli  an  aperture  A  of  comparatively  large  diameter 
to  that  of  the  cylinder  so  that  when  the  valve  seat  ring  is  in 
position  it  gives  an  enlarged  area  for  the  escape  of  the  spent 
gases.  The  wall  of  the  aperture  is  recessed  to  receive  the 
annular  flange  of  the  valve  seat  ring  B.  The  end  portion  of  the 
cylinder  is  extended  and  enlarged  at  C1  to  form  a  pa>sa^e 
around  the  end  of  the  valve  casing.  The  main  valve  D 
opens  in  the  cylinder  and  when  closed  abuts  on  the  seat  of  the 
valve  seat  ring  B.  This  valve  is  of  the  mushroom  type,  ； nid 
is  closed  automatically  by  a  spring  E  when  released  after 
being  opened  by  the  rocker  F  of  the  controlling  mechanism. 


The  cavity  G  in  the  valve  casing  f  I  above  the  main  valve  D  is 
cylindrical,  wliich,  with  a  circular  portion  J  projecting  con- 
centrically into  the  cavity,  forms  tlie  working  faces  tOr  t lift 
auxiliary  valve  K.  A  shoulder  is  formed  concentrically 
around  the  circular  projection  J  against  wliicli  the  auxiliary 
valve  K  abuts  when  closi'd,  llm^  serving  as  a  valve  seat.  A 
passage  C  is  formed  in  the  extended  end  of  the  cylinder  cast- 
ing around  the  outside  wall  of  the  larger  cirniniference  of 
the  cavity  G，  near  the  end  oi'  t he  f-ylinder  of  tlie  engine, 
through  wliicli  tlie  exliaust  gases  jjass  from  the  aperture  of 
the  valve  seat  ring  B，  controlled  by  tlie  main  valve  D  to  a 
silencer  or  to  the  atmosphere.  Above  the  passage  C  is  a 
second  passage  or  port  L  formed  around  the  larger  dn  iim 
ference  of  the  cavity,  tlirougli  which  the  combustible  mixture 
passes  into  the  cavity  of  the  valve  casing  H  when  the  auxi- 
liary valve  D  is  opened.  The  casing  M  lias  port  holes  formed 
around  its  circumference  so  as  to  ensure  an  easy  flow  of  the 
gases.  The  auxiliary  valve  is  in  t  lie  form  o I'  a  coiu-eiit rir  rin^ 
K  having  a  vertical  annular  flange  around  its  outer  edge 
which  when  the  valve  is  fully  opened,  to  admit  the  com- 
bustible mixture  to  the  cylinder,  closes  the  exhaust  passage  C. 
The  valve  rods  N  work  in  guides  fixed  lo  the  r;i>mg.  Tlies^ 
rods  are  lifted  by  the  bridge  piece  O  by  the  action  of  the 
spring  P  after  the  valve  D  has  been  opened  and  again  released. 
The  arrangement  is-  such  that  when  the   valves  are  in 


Valve  Arrangements  for  iNTEHNAL-coMuuhTioN  Engines. 

operation,  and  the  piston  is  on  the  outward  stroke  to  draw 
the  combustible  mixture  into  the  cylinder,  the  main  and 
auxiliary  valves  are  opened  for  admitting  of  the  combustible 
mixture  passing  into  the  cylinder.  On  the  return  or  com- 
pression stroke  of  the  piston,  the  main  valve  D  and  auxiliary 
valve  K  are  closed,  and  remain  so  du ring  the  outward  stroke 
of  the  piston  caused  by  the  firing  of  the  combustible  mix- 
ture. On  the  succeeding  return  or  exhaust  stroke  of  the 
piston  the  auxiliary  valve  K  is  closed,  opening  the  first  pas- 
sage C  to  the  cavity  G  of  the  valve  casing  H，  and  the  main 
valve  D  is  opened,  permitting  the  spent  gases  to  exhaust. 
During  the  exhaust  stroke,  the  auxiliary  valve  K  is  being 
moved  to  open  the  passage  L  for  the  combustible  mixture, 
but  before  this  passage  is  opened  it  has  to  travel  the  length 
of  the  working  face  on  the  cylindrical  projection  J,  and  dur- 
ing this  movement  its  action  is  to  assist  in  expelling  the  ex- 
haust or  spent  gases  fi'om  the  cylinder.  The  valve  can  be 
timed  to  leave  the  working  face  of  the  cylindrical  projec- 
tion and  close  the  first  or  exhaust  passage  C  in  the  cavity 
of  the  valve  casing  at  one  and  the  same  time  or  otherwise  as 
desired.  】n  actual  practice  Mr.  James  has  found  that  it  is 
uot  essential  in  small  fast-running  engines  for  the  auxiliary 
valve  to  entirely  close  the  exhaust  port  or  passage  before 
opening  the  port  or  passage  for  the  combustible  mixture  to 
enter  the  cylinder,  and  the  illustration  indicates  such  an 
arrangement.  The  auxiliary  valve  when  moved  into  posi- 
tion to  close  the  port  or  passage  remains  iu  that  position  until 
the  supply  of  mixture  has  to  be  cut  off  iu  the  ordinary 
routine  of  working. 
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MODERN  GEARING.^ 

HUBERT  THORNE,   WH.EX.,  A 
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The  subject  of  gearing  is  one  which  has  not  received  the 
serious  consideration  of  many  engineers,  partly  because  of 
the  belief  that  all  gears  are  inefficient,  and  partly  because  a 
very  considerable  amount  of  time  must  be  given  if  the  sub- 
ject is  to  be  mastered.  Probably  we  have  all  set  out  tooth 
forms  during  our  engineering  studies,  and  consequently  we 
know  that  the  involute  possesses  advantages  over  the  cycloidal 
tooth  for  general  use;  and  that  when  it  is  used  the  centres  of 
a  gear  cau  be  varied  to  some  extent  and  still  the  gear  will 
mesh  properly  ；  all  that  happens  when  the  centres  are  ex- 
tended is  that  the  pitch  point  is  moved  nearer  to  the  outside 
of  the  teeth,  the  pitches  are  correspondingly  increased,  and 
the.  pressure  angle  is  also  increased.  This  is  a  very  useful 
property  of  the  involute,  and  to-day  this  form  is  almost 
universally  used,  and  so  we  shall,  when  speaking  of  gears  in 
this  paper,  be  considering  only  involute  gears. 

The  introduction  of  high-speed  motors  and  the  general 
speeding  up  of  machinery  introduced  new  problems  to  the 
engineer  ；  and  he  set  about  to  find  a  gear  which  would  run 
at  a  high  velocity  without  undue  noise  and  vibration,  and 
one  which  would  give  a  fairly  high  ratio  of  reduction  in  a 
single  pair  of  gears.  Straight-cut  gears  did  hot  meet  the 
conditions,  as  the  least  number  of  teeth  in  the  pinion  to 
produce  a  satisfactory  drive  having  proved  to  be  as  high  as 
15,  and  according  to  some  authorities  18，  a  high  ratio 
became  impracticable,  and  even  with  moderate  velocities 
straight-cut  gears  of  any  size  were  found  to  be  noisy.  Two 
ways  of  getting  over  the  difficulty  presented  themselves, 
one  by  using  pinions  of  special  materials  which  would  not 
create  noise  when  running  with  metal  wheels,  and  one  by 
altering  the  form  of  the  teeth.  The  former  method  was 
adopted  for  many  drives,  and  pinions  of  raw  hide,  compressed 
paper,  compressed  linen,  fibre,  &c.，  have  all  been  tried,  but, 
on  account  of  the  large  diameters  necessary  to  accommodate 
rivets  between  the  bottoms  of  the  teeth  and  the  bore,  the 
wheels  became  unduly  large  and  heavy,  and  the  ratios 
obtainable  only  small.  The  latter  method  has  also  been 
largely  adopted,  particularly  within  the  last  decade,  and  has 
resulted  in  the  development  of  two  distinct  forms  of  gearing, 
the  first  worm  gearing,  and  the  second  double  helical 
gearing. 

]Vonn  Gtaruuj. -— Worm  gearing  is  quiet  in  operation ?  and 
can  be  made  with  ratios  as  high  or  even  higher  than  100  :  1， 
but  owing  to  the  fact  that  the  rolling  action  of  the  correct 
spur  gear  gives  place  to  a  rolling  and  rubbing  action 
between  the  worm  and  the  wlieel,  the  speed  of  the  worm  must 
not  exceed  comparatively  low  limits,  determined  by  the  con- 
ditions under  which  it  has  to  work,  and,  further,  the  effi- 
ciency goes  down  as  the  ratio  increases,  and  a  high  ratio 
worm  gear  is  not  by  any  means  an  efficient  mechanism.  Tlie 
reasonable  adoption  of  worm  gears  is  consequently  restricted 
to  comparatively  small  powers,  speeds,  and  ratios.  One  case 
for  which  worm  gear  has  proved  eminently  satisfactory  is 
that  of  small  ratio  gears  for  automobiles,  where  the  gears  are 
generally  only  required  with  a  ratio  of  3  or  4:1  and  the 
diameters  of  the  worms  are  such  that  the  pitch  line  velocity 
is  not  high.  For  such  gears,  having  both  shafts  mounted 
in  ball  bearings,  efficiencies  of  95  per  cent,  are  readily 
obtainable. 

Double  Helical  Geariny. ― For  high  powers  and  speeds 
some  other  form  of  gear  must  be  looked  for  than  worm 
gears.  To  obtain  smooth  action,  Dr.  Hooke,  who  noticed 
that  small  pitch  gears  generally  rai>  more  smoothly  than 
coarse  pitch  gears,  but  that  the-  strength  of  the  former  was 
correspondingly  less  than  that  of  the  latter,  introduced  by 
way  of  compromise  the  stepped  tooth,  which  consisted  of  a 
number  of  sections  of  a  spur  gear  of  comparatively  fine 
pitch  placed  side  by.  side,  the  teeth  of  each  section  being 
" I'ped  forward  a  definite  amount  in  relation  to  the  next 
section,  the  whole  then  being  made  into  one  gear.  By 
making  these-  sections  very  thin  and  the  steps  very  small 

•  Abstract  of  paper  read  before  tlic  Junior  InstiCutiou  of  Knyinccrs.  January 
19th,  1911. 


in  relation  to  the  pitch,  what  is  known  as  a  single  helical 
gear  results.  This  type  of  gear  lias  besn  used  for  many 
purposes,  but  possesses  the  great  disadvantage  that  end 
thrust  is  set  up  along  the  shafts  (a  disadvantage  also  in- 
herent in  worm  gears),  and  to  overcome  this  two  single  heli- 
cal gears  of  opposite  hands  were  riveted  or  bolted  together, 
thus  forming  the  double  helical  gear.  This  type  of  gear, 
which  is  not  now  built  up  from  two  single  helicals  but  cut 
direct  from  tlie  solid  blank,  is  often  manufactured  with  a 
ratio  of  25  : 1  in  a  single  reduction.  It  also  possesses  other 
advantages  over  the  straight-cut  spur  gear,  and  it  will  perhaps 
be  as  well  to  examine  these  here. 

With  straight-cut  gears  the  maximum  bending  stress  on 
the  driving  tooth  occurs  when  it  just  disengages  from  the 
driven  tooth.  As  the  tooth  is  straight,  this  stress  is  equal 
along  its  whole  lenglli.       With  double  helical  gears  this 


CZ£artrrcrLu»-  4^ 

HoBC^Ln^  1  h 


FlG.  2. 


CiearaitcxMirtA 
Base  Lina 


Hose  I,in. 


？ itekLu 


l'，JG. 


MACMif<-'€  CUT  OOVfSLC  HELICAL  (^TACCeRCO) 


TCETH  Wt/S^S  SYSTEM 


CnD'^Affr  STf?AlOh'T  CUT  T££TH 




77i*  ShaztecL  Partxcn-  s  fusvs  txstaX-YafLcutCon, 

Y,(VarLaUun  of  Enffa^emejnc)  ~  0-5S 2' ~Xt^orkina 
Dept/v  cfTcoth.)-t  167'  FropcrUon.-T'0^4X 


Fig. 


Fig.  o. 


maximum  stress  is  only  at  a  point,  and  not  along  the  whole 
length  of  a  tooth,  the  stress  varying  between  the  maximum 
and  the  minimum  along  the  length.  This  is  clearly  seen  in 
Figs.  1  and  2，  which  show  tlie  development  of  three  teeth 
of  the  rim  of  a  staggered  tooth  double  helical  gear.  The 
elevation  shows  the  lines  in  contact  when  the  centre  of  the 
tooth  "  b  "  is  in  engagement  at  its  ]>itch  line.  Fig.  3  shows 
the  average  engagement  along  each  of  the  teeth,  and  Fig.  4 
tlie  total  variation  of  average  engagement.  Fig.  5  on  the 
other  hand,  shows  tlie  variations  of  actual  engagement  along 
the  whole  length  of  a  straight  tooth.  By  comparison  of 
Figs.  4  and  5，  it  will  be  seen  that  the  variation  of  stress  on 
the  teeth  is  very  much  less  with  the  double  helical  than  with 
tlie  straight  tooth,  and  consequently  the  former  is  the 
stronger. 

To  obtain  really  smooth  running,  it  is  essential  that  tlie  re 
shall  be  rolling  contact  only,  and  no  rubbing  contact.  If  a 
1 2-tooth  standard  B  &  S  spur  pinion  is  set  out,  it  will  readilv 
be  seen  that  as  the  line  of  pressure  only  roaches  a  very 
short  distance  below  the  pitch  line,  the  rolling  contact  must 
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cease  some  consiclera})le  distance  from  the  root  (  I  fhr 
As  all  points  of  rolling  contact  must  lie  along  the  line  of 
pressure  for  an  involute  tooth,  obviously  all  points  below 
this  are  in  sliding  contact  uiul  not  rdliiig.  Tlie  exponents 
of  the  Stubb  tooth  endeavoured  lo  over  this  (iiHiculty  by 
increasing  tlie  pressure  angle  and  tlt'creasiiig  tlic  (l('i)Hi  oi' 
the  tooth,  and  no  doubt  such  a  tooth  offers  advantages  in  this 
particular  direction  :  hut,  as  by  such  a  course  the  arc  of 
contact  is  often  materially  decreased,  the  engagement  con- 
ditions become  worse,  and  in  many  cases  the  gear  proves, 
if  anything,  more  noisy  than  if  designed  to  standard 
dimensions.  With  double  helical  gears,  on  the  otli"r  hand, 
the  average  engagement  is  spread  over  an  area,  the  limits 
of  which  are  comparatively  near  tlie  pitdi  line,  as  seen  in 
Fig.  4，  the  action  becomes  more  nearly  a  ])ure  rolling  one, 
aiul  the  rubbing  action,  wliich  must  protluce  wear,  is  reduced 
to  n  minimum. 

With  spur  gears,  particularly  when  the  pillion  has  only  ； i 
few  teeth,  a  distinct  knocl^  is  noticeable  as  the  load  is 
repeatedly  applied  along  the  whole  length  of  the  tips  of  the 
teeth,  whereas,  with  double  helical  gears,  however  small  tlu' 
number  of  teeth  in  the  pinion,  the  engagement  at  the  top 
of  the  tooth  can  only  occur  at  a  particular  point  or  points 
of  the  face  at  any  one  time,  the  average  engagement  being 
always  near  to  the  pitch  line.  In  this  connection,  it  must 
be  borne  in  mind  that  however  wide  the  face  of  a  spur  gear 
is  made,  the  number  of  teeth  in  engagement  cannot  he 
altered,  but  with  double  helical  gears,  by  increasing  the  face 
width,  the  load  is  spread  over  a  greater  number  of  t'eetli. 
Owing  to  the  elimination  of  most  of  the  losses  due  to 
sliding  friction,  practically  the  whole  power  put  in  is  trans- 
mitted through  the  gear,  and  from  actual  tests  it  was  ascer- 
tained tli at  with  a  ratio  of  20 : 1  in  a  single  train  the  effi- 
ciency was  98|  per  cent.  Many  double  helical  gears  are 
now  running  at  ratios  of  25:1  and  over,  the  only  limiting 
factors  being  the  diameter  at  the  root  of  the  pinion  teeth, 
necessary  to  resist  torsion  ami  lieticling,  the  capacity  o(  tlie 
machine  on  which  the  wheel  is  to  be  cut,  and  the  space  avail- 
able ； tlie  diameter  of  the  pinion  is  only  limited  by  the  neces- 
sary root  diameter,  because,  as  previously  stated,  by  suitably 
increasing  tlie  face  width  of  the  pinion,  any  desired  number 
of  teeth  will  be  in  engagement  at  one  time. 

Having  now  determined  that  for  high-speed  drives  double 
helical  gears  offer  great  advantages  over  straight-cut  gears, 
it  will,  perhaps,  be  as  well  to  consider  more  particularly  the 
design  and  manufacture  of  double  helical  gears.  Two  dis- 
tinct forms  of  tooth  have  now  been  introduced,  known 
respectively  as  the  l<  continuous  tooth  ，，  and  the  "staggered 
tooth. M  The  former  is  manufactured  by  a  number  of  firms 
in  this  country,  and  patents  for  the  latter  are  held  by 
Messrs.  The  Power  Plant  Company,  Ltd.,  of  West  Dravlon, 
Middlesex.  These  two  types  differ  not  only  in  form,  but  in 
process  of  manufacture.  Straiglit-cut  gears  are  produced 
by  several  different  processes  ：  (1)  Milling  by  means  of 
formed  disc  cutters  or  by  end  mills.  (2)  Planing  by  using 
a  shaped  former  to  produce  the  required  tooth  shape.  (3) 
Generation  by  means  of  tool  taking  the  form  of  a  pinion. 
(4)  Generation  by  means  of  hobs  having  a  rack  section. 

The  first  of  these  processes  is  not  applicable  to  double 
helical  gears  with  teeth  cut  from  the  solid,  because  of  the 
interference  of  the  disc  cutter  at  tlie  apex  or  centre  of  the 
gear,  but  continuous  double  helical  teeth  are  generally  pro- 
duced by  means  of  milling  cutters  of  the  end  mill  variety, 
these  cutters  revolving  at  a  suitable  speed,  and  passing  right 
across  the  face  of  the  gear,  the  gear  itself  being  revolved 
backwards  and  forwards  to  produce  the  necessary  double 
lielix.  The  third  process  mentioned  above  is  now  receiving 
consideration,  and  patents  have  beeu  obtained  by  Mr.  Wil- 
liam E.  Sykes,  covering  this  process.  The  fourth  method, 
namely,  that  of  generation  by  means  of  hobs,  is  adopted 
in  the  production  of  the  staggered  tooth  double  helical  gear. 
In  considering  these  different  processes  and  tlie  results 
achieved  by  them,  the  question  naturally  arises  as  to  which 
can  be  considered  to  produce  the  best  gears.  As  the  end 
milling  and  bobbing  processes  are  the  only  two  which  have 
as  yet  been  thoroughly  developed,  we  will  confine  ourselves 
to  these. 


7'''〃/.  -Tlie  methcd  of  manufacturing  the— e 
is  necessarily  slow,  on  account  of  the  comparatively  small 
cutters  which  have  to  be  used;  the  cutters  themselves  being 
of  end  mill  form,  cannot  be  re-ground  without  Iomml'  tli"  r 
shape.  As  tlie  tooth  shapes  of  pinion  and  wheel  to  be  cut 
for  one  set  of  gear  usually  vary  widely,  it  is  necsssary  to 
use  different  shaped  end  mills  to  produce  these.  It  is  also 
necessary  to  accurately  determine  the  correct  section  cf  tlio 
tooth  to  bei  cut  in  a  plane  normal  to  the  helix.  This  is  a 
matter  of  some  difficulty,  and  even  after  the  shapes  have 
been  determined  it  is  not  the  easiest  thing  to  correctly  niann- 
facture  the  gauges  and  end  mills  to  suit  these  shapes,  tlie 
manufacture  being  entirely  dependent  upon  the  skill  of  the 
tool  maker.  These  facts,  together  with  the  necessity,  par- 
ticularly observable  in  the  case  of  large  steel  gears,  of  replac- 
ing tlie  end  mills  from  time  to  time,  while  the  one  wheel  is 
being  cut,  render  the  accurate  production  of  such  gears  a 
matter  of  difficulty.  Further,  uu  account  of  the  fact  tliat 
the  end  mills  at  the  point  corresponding  to  the  pitch  line 
of  the  gear  can  only  be  one-half  the  circular  pitch  in  dia- 
meter, this  process  cannot  be  satisfactorily  us^d  for  the  pro- 
duction of  small  pitch  gears.  With  a  pitch  of  lin.  the  cutter 
is  only  iin.  diam.,  and  miich  below  this  it  is  obvious  one 
cannot  go  in  the  size  of  an  end  mill  to  produce  accurate 
gears.  Another  drawback  to  the  process  is  that  ste!"hv- 
step  division,  with  its  inherent  clifliculties,  must  be  used. 


"v  =  velocity 
Fig.  6. 


Staggered  Tooth  Gears.— By  the  adoption  of  the  hobbing 
process  many  of  these  difficulties  are  overcome.  The  hobs 
can  be  considered  as  continuous  single  helical  rack  teeth 
wrapped  round  the  cylinder  in  the  same  way  as  in  the  case 
of  a  worm,  but  with  the  necessary  gashes  made  to  produce 
the  cutting  edges,  and  with  the  teeth  backed  off  to  give  relief 
when  cutting  and  to  enable  the  tooth  to  maintain  its  cor- 
rect shape  when  ground.  Hobs  are  capable  of  cutting  gears 
much  more  rapidly  than  end  mills,  and  as  the  re-grinding  of 
the  hobs  does  not  interfere  vvitli  the  shape  of  the  £eetli，  there 
is  no  difficulty  in  finishing  both  pinion  and  wheel  with  one 
tool,  and,  further,  as  the  section  bf  the  hob  is  really  a  rack 
with  straight  sides  formed  to  the  desired  pressure  angle,  a 
hob  can  be  produced  with  extreme  accuracy,  there  being  no 
curved  shapes  to  determine.  For  small  pitches  down  t'. 
10  d.p.,  or  even  12  d.p.,  hobs  can  be  produced  as  readily  as 
for  pitches  of  lin.  and  over,  and,  as  the  cutting  process  is  a 
continuous  one,  step-by-step  division  is  dispensed  with. 

There  then  only  remains  the  question  of  strength.  It  is 
claimed  by  manufacturers  who  only  make  the  continuous 
tooth  tli  at  it  is  necessarily  stronger  on  account  of  the  con- 
tinuous centre  portion.  If  gears  were  designed  for  strength 
only,  this  would  be  an  admissible  argument,  but  it  is  a  well- 
known  fact  that  for  high-speed  gears  it  is  useless  to  deter- 
mine the  sizes  merely  from  the  point  of  view  of  strength,  as, 
if  this  is  done,  very  rapid  wear  will  result.  Such  gears  must 
be  designed  witli  a  view  primarily  to  wear  ；  and,  if  this  is 
done,  it  is  safe  to  say  that  the  gears  will  be  amply  strong 
for  their  duty,  whether  they  are  of  the  continuous  or  the 
staggered  tooth  type.  In  fact,  it  will  be  found  in  most 
cases  where  gears  have  been  properly  designed  for  wear, 
that  the  factor  of  safety  lies  between  10  and  20.  Whilst  the 
continuous  tooth  may  b©  slightly  stronger  than  the  staggered 
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tooth,  it  must  not  be  forgotten  that  this  extra  strength  itself 
produces  certain  disadvantages.  If  the  teeth  of  a  gear  be 
considered  as  cantilevers,  it  will  be  seen  that  in  order  to 
oiler  even  resistance  to  bending,  the  section  must  be  the  same 
throughout.  With  the  staggered  tooth  gear  this  is  so,  but 
with  the  continuous  tooth  the  centre  portion  offers  far 
greater  resistance  than  the  outside  portions,  and  the  dif- 
ference in  resistance  may  result  in  uneven  wear  of  the  tooth. 

DtMifunuj  Double  II tlical  Gears, ― Forged  steel  pinions 
containing  about  *4  per  cent,  carbon  and  cast-iron  wheels 
are  to  be  recommended,  but,  where  the  tooth  pressure  is 
heavy  or  the  gear  subject  to  shocks,  cast-steel  wheels  may 
be  used,  and  it  may  be  necessary,  particularly  when  the 
velocities  are  high,  to  resort  to  alloyed  steel  pinions,  but 
these  cases  should  only  be  dealt  with  by  the  specialist.  The 
following  factors  should  be  borne  in  mind.  Small  diameter 
gears  will,  if  properly  designed,  run  】iiore  silently  than 
larger  ones  on  account  of  the  lower  velocities,  and  the  num- 
ber of  teeth  in  engagement  can  always  be  increased  by 
widening  the  faces  of  double  helical  gears.  Both  pinion 
and  wheels  should  be  supported  on  either  side  close  up  to 
the  teeth  wherever  possible  by  bearings  of  ample  dimensions 
and  rigid  construction.  The  size  of  the  pinion  is  generally, 
when  centres  are  fixed,  determined  by  the  necessary  pinion 
shaft  diameter.  This  diameter  must  be  sufficient  to  resist . 
bending  and  tortional  strains. 

In  the  case  of  sleeve  pinions  enough  metal  must  be  allowed 
between  the  top  of  the  key  and  the  root  of  the  teeth  to  en- 
sure sufficient  support  for  the  teeth.  Where  pinions  are 
overhung  on  motor  shafts  it  is  generally  safe  to  take,  as  a 
rough  rule,  the  pitch  line  dia】neter  at  least  twice  the  dia- 
meter of  the  motor  shaft.  Where  pinions  are  cut  solid  on 
their  shafts  the  root  diameter  of  the  teeth  need  only  be 
sufficiently  larger  than  the  diameter  of  tlie  shaft  to  ensure 
the  hobs  running  out  without  catting  the  shaft.  The 
questions  of  bending  and  torsion  come  in  more  particularly 
in  the  case  of  turbine  and  other  very  high  velocity  gears. 
Where  tlie  powers  to  be  transmitted  are  high  it  is  often 
necessary,  in  order  to  keep  the  diameters,  and  consequently 
the  velocities,  within  reasonable  limits,  to  make  the  -  faces  of 
such  width  that  a  third  bearing  must  be  introduced  in  the 
centre  of  the  pinion  shaft.  In  such  cases  the  torsion  of  the 
shaft  may  cause  some  slight  displacement  of  the  teeth  of 
the  two  halves  of  the  pinion  in  relation  to  one  another. 
Endeavours  have  been  made  to  overcome  this  in  different 
ways. 

As  the  minimum  diameter  of  the  pinion  is  only  fixed  by 
the  shaft  diameter  necessary,  and,  as  any  required  engage- 
ment conditions  can  be  provided  by  increasing  the  face  of 
the  gear,  it  follows  that  comparatively  fine  pitches  can  be 
used.  With  continuous  teeth  it  is  usual  to  make  the  angle 
of  the  helix  45°,  the  included  angle  90°,  and  the  face 

at  least  four  pitches  wide.  With  the  staggered  tooth  gears 
the  angle  usually  employed  is  67°,  the  included  angle 

134°,  and  the  pressure  angle  20°,  the  face  at  least  five,  and 
preferably  six  times  the  pitch,  or  even  more.  By  the  intro- 
duction of  these  fine  pitch  small  diameter  pinions  it  follows 
that  very  niuch  larger  ratios  can  be  used  for  the  same 
diameter  wheel. 

Emphasis  lias  already  been  laid  on  the  fact  that  gears 
should  be  dimensioned  primarily  with  a  view  to  wear,  and  in 
this  connection  it  should  he  remembered  that  for  a  given 
pit  eh  diameter  and  pressure  angle,  whatever  the  pitrh,  the 
involute  curve  to  which  the  tooth  conforms  is  the  same. 
Consequently,  with  any  particular  pair  of  gears,  the  two 
<-n  rv*'s  in  contact  a  re  unchanged,  whatever  the  pitch  may  be. 
It  is  fairly  obvioup  that,  if  a  load  is  to  be  sustained  by  two 
curved  surfaces  in  contact,  the  larger  tlie  diameter  of  these 
curves  at  the  point  of  contact  tlie  better  it  is.  When,  how- 
ever, the  diameters  of  the  gears  are  redifced,  the  radii  of  the 
curvature  of  those  portions  of  the  involute  forming  the  face 
of  the  teeth  are  also  reduced,  and  consequently  the  engage- 
ment conditions  are  rendered  somwhat  worse.  This  fact  is 
generally  taken  into  account  by  designers  of  double  helical 
gears,  particularly  when  they  are  dealing  with  very  small 
diameter  gears.  In  the  established  formula,  a  varying  factor 
is  used  for  permissible  stress,  and  curves  have  been  plotted 


giving  the  values  for  different  velocities,  these  curves  being 
based  on  certain  definite  diameters.  Fig.  6  gives  these 
curves  for  different  materials,  and  the  curves  themselves  can 
be  taken  as  sufficiently  accurate  for  gears  of  ordinary  sizes, 
but  the  width  of  face  should  be  increased  somewhat  for  very 
small  gears.  The  exact  amount  of  increase  necessary  has 
been  determined,  but  there  are  no  data  on  the  subject  at 
present  available  for  publication.  The  formula  generally 
used  for  staggered  tooth  gears  is  as  under  ： ― 
Where  ： — 

H  .P.  =  Horse-power. 

P      =  Tooth  pressure  in  pounds. 

K     =  Admissible  stress  (see  curve). 

D      =  Pitch  circle  diameter  in  inches. 

j)       =  Pitdi  in  inches. 

W     =  Total  width  of  face  in  inches. 

V      =  Velocity  of  pitch  circle  in  feet  per  minute. 

N      =  Revolutions  per  minute. 

•Then        V  =  7r  x  —--  x  N. 

丄 a 


p 


H.P. 


V. 


y  x  WxK 


And  for  ratios  up  to  6:1  : — 
W  = 


V  = 


V    3  K. 


And  for  ratios  above  6:1: ― 

W  =  R  x  ^，  where  R  =  ratio  to  1  up  to  the  maximum 
of  W  =  10  p. 

P=  j^ur 

v  Rx  K 

Example  1. ― Required  a  gear  to  transmit  85  h.p.  and 
reduce  from  680  :  1 15  revs,  per  minute,  and  work  at  about. 
24in.  centres  ；  pinion  of  forged  steel,  wheel  of  cast  iron. 

Then  ratio  =  5'9  ：  1. 

Approximate  diameters  =  7in.  x  41  in. 

A7     7r  x  7  x  680  OAri 
V  =   ―          =  24：0  approx. 


P  = 


12 

85  x  33000 
1240 


= 2300  approx. 


3  x  500 

The  gears  required  are  therefore  ： ― 

^  f-  ,jM  teeth  2.VD.P.  x  8in.  face  =  23*6in.  centres. 
C. 丄. j  - 

Mention  has  already  been  made  of  the  sizes  of  shafts  and 
the  stiffness  of  bearing  supports.  Where  the  velocities  are 
over  1,500ft.  per  minute,  it  is  always  advisable  to  totally 
enclose  the  gears  and  run  them  in  oil,  and  when  the  velocities 
are  very  high,  say  3，000ft.  per  minute  and  over,  the  oil 
should  he  squirted  under  pressure  along  the  face  of  the  gear 
near  the  line  of  engagement,  and  forced  hibricaticji  should 
be  provided  for  the  bearings. 


Explosion  of  a  Compressed-gas  Cylinder  on  the  "Maurctania.M ― On 

Monday  night  last  a  disastrous  explosion  occurred  on  board 
the  Cunard  liner  ' '  Mauretania."  The  vessel  was  lying  in 
Canada  Dry  Dock  undergoing  engine  repairs,  which  included 
the  insertion  of  a  number  of  blades  in  the  high -pressure 
turbines.  For  this  purpose  an  autogenous  welding  plant- 
was  being  used,  and  it  is  stated  that,  without  the  slightest 
warning,  a  cylinder  of  coin])ressed  gas  in  connection  with 
the  plant  burst,  with  terrible  results  to  about  a  dozen  men 
who  were  engaged  in  the  room  at  the  time,  three  being  blown 
to  pieces,  and  eight  others  injured,  some  of  tliem  so  terribly 
that  it  is  doubtful  if  they  will  survive.  The  cause  of  the 
explosion  has  not,  at  the  moment  of  writing,  been  ascer- 
tained, but  wil]  doubtless  be  enquired  into  at  the  inquest. 
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AULD  S  SAFETY  VALVE. 

We  illustrate  herewith  a  design  of  safety  valve,  the  inven- 
tion of  David  Auld  &  Sons,  Ltd.,  Wliitevale  Foundry, 
Rochester  Street,  Glasgow,  of  the  class  which  are  adaptcW  to 
allow  over-pressure  steam  to  esca])e  from  the  full  an"i  ()「  Hie 
main  valve  or  nearly  so,  the  main  valves  being  opened  by  the 
steam  pressure  acting  on  one  side  o f  n  piston  seemed  to  tlio 
rnain  valve  when  tlie  pressure  on  the  other  side  of  the  piston, 
which  maintains  the  valve  in  the  closed  position,  is  relieved 
by  auxiliary  valve  opening  by  the  action  of  the  over  pressure 
on  a  piston  secured  to  the  auxiliary  valve.  In  this  design 
only  one  cylinder  is  employed  for  the  two  ]>is(ons  wliirh  ； u'i、 
connected  to  the  main  valves,  and  are  fitted  to  move  simul- 
taneously in  opposite  directions,  while  a  cage  arrangement 
is  adapted  to  liold  the  moving  parts  in  position  while  pennil - 
ting  tliein  to  be  easily  withdrawn  when  desired  t'(ir  insped  ion 
or  repair. 

Referring  to  the  illustrations,  Fig.  1  is  a  front  elevation 
of  a  double  safety  valve,  Fig.  2  is  a  corresponding  side  eleva- 
vation  partly  in  section,  and  Fig.  3  is  a  front  sectional  eleva- 
tion.   The  inlet  A  and  the  outlet  B  are  formed  hy  the  casing 


Fig. 


Fig.  2 


The  action  of  the  valves  is  as  follows :  Fluid  pressure 
enters  the  main  valve  casing  by  inlet  branch  A  and  flows 
along  the  ports  or  ducts  R  into  the  space  between  the  main 
valves  F  and  (i  and  main  piatons  D  and  E.  The  fluid  pre  - 
sure  also  leaks  past  the  inain  j)istons  into  the  space  S  in  mai" 
cylinder  C，  thereby  acting  on  the  opposite  sides  of  tl",  inain 
pistons  and  holding  the  main  valves  tightly  on  to  their  seats. 
The  fluid  pressure  contained  in  the  space  S  between  main 
pistons  passes  tlirough  the  port  O  and  duct  P  to  the  cham- 
ber Q  under  the  regulating  valve  J.  The  inlet  pressure  also 
passes  by  the  port  or  duct  L  to  the  chamber  M  and  acts  on 
the  underside  of  the  piston  K  connected  to  the  regulafiii"' 
valve  J.  This  regulating  valve  is  loaded  to  a  predetermined 
pressure  by  means  of  the  spring  shown,  and  immediately  the 
inlet  pressure  tends  to  exceed  this  amount  the  regulating  valve 
J  is  forced  off  its  seat  by  the  pressu re  on  tlie  piston  K  and 
under  the  valve  overcoming  the  force  exerted  by  the  spring. 
On  the  regulating  valve  J  opening  the  pressure  contained  in 
the  space  S  between  the  main  pistons  is  exhausted  through 
the  port  O  and  duct  P  and  the  pressure  is  thereby  reduced 
considerably. 

Although  the  pressure  under  regulating  valve  J  is  altered 
by  this  action  the  adjustment  of  the  regulating  valve  is  kept 
constant  by  the  inlet  pressure  constantly 
acting  under  the  piston  K.  The  pressure 
contained  in  the  space  S  between  the  main 
pistons  being  considerably  reduced,  the 
initial  pressure  acting  on  the  annular 
part  round  the  outside  of  the  main  pis- 
tons overcomes  the  pressure  holding  the 
•main  valves  on  their  seats,  thereby  open- 
ing the  main  valves.  Fluid  pressure  now 
flows  through  the  valve  seats  into  the  out- 
let branch  B  from  the  valve  F  by  the  duct 
T，  and  from  the  valve  G  through  openings 
in  the  cage  device  H  and  duct  U.  When 
all  the  surplus  pressure  has  been  dis- 
charged the  spring  closes  the  regulating 
valve  J,  shutting  off  the  escape  of  pressure 
from  the  space  S  between  the  main  pis- 
tons, wherein  the  initial  pressure  now 
accumulates  and  closes  the  main  valves 
by  acting  on  the  main  pistons,  as  already 
described.  The  same  cycle  of  opera- 
tions is  repeated  so  long  as  the  inlet  pres- 
sure tends  to  rise  above  that  to  which  the  regulating  valve  is 
set.  When  the  regulating  valve  J  is  opened  by  means  of  the 
hand  easing  gear  provided,  the  main  valves  will  be  opened 
in  the  same  manner  as  when  tlie  regulating  valve  J  automati- 
cally opens  due  to  over  pressure. 


Fig.  3.— Aulb's  Safety  Valve. 

of  the  valve,  and  are  separated  by  that  portion  of  the  casing 
forming  the  cylinder  C.  Within  this  cylinder  are  fitted  the 
pistons  D  and  E，  which  are  formed  in  one  with  the  two  main 
valves  F  and  G.  A  guide  pin  is  screwed  into  the  piston  D， 
and  enters  an  eye  in  the  piston  E  to  act  as  a  guide  and  steady 
the  motion  of  the  pistons  as  they  move  to  and  from  one 
another.  The  seat  for  the  valve  F  is  formed  on  the  casing  and 
the  seat  for  the  valve  G  is  formed  on  the  cage  device  H. 
Regulating  springs  are  fitted  round  the  spindles  of  the  main 
valves.  The  auxiliary  or  regulating  valve  consists  of  a  valve 
J  connected  by  a  spindle  to  a  piston  K  below  which  is  ahvays 
open  to  the  steam  pressure  through  the  duct  L  leading  from 
the  boiler  to  the  chamber  M.  The  valve  spindle  is  hollow 
above  the  valve  and  is  formed  with  a  piston  N  to  balance  the 
valve  J.  A  spring  is  provided  for  controlling  the  action  of 
the  valve  J.  The  steam  is  led  from  the  space  between  tho 
pistons  D  and  E  by  the  port  O  and  duct  P  to  a  chamber  Q 
below  the  regulating  valve  J, 


LOCOMOTIVE  BOILERS. 

In  a  paper  on  "  Locomotive  Boilers,"  read  before  the 
Northampton  College  Engineering  Society  on  January  16th, 
Mr.  W.  S.  Salter  said  that,  like  many  essential  parts  in  a 
locomotive,  the  boiler  must  be  designed  to  work  in  a  confined 
space.  Should  a  larger  boiler  be  required,  the  enlargement 
must  be  done  carefully,  so  as  not  to  disturb  the  standards 
of  the  loading  gauge  and  axle  loads.  The  workmanship  and 
method  of  manufacture  had  been  greatly  improved  in  railway 
shops,  owing  to  the  introduction  of  modern  machines.  The 
boiler  design  was  based  on  the  size  of  the  cylinders.  The 
grate  area  was  also  designed  in  a  certain  proportion  to  cylin- 
der volume.  For  a  usual  type  of  passenger  engine  the  heat- 
ing surface  would  be  about  1,100  sq.  ft"  firebox  heating  sur- 
face 120  sq.  ft.,  and  grate  area  18  sq.  ft.  The  1,100  sq.  ft. 
would  be  made  up  of,  perhaps,  220  tubes,  2in.  diam.,  and 
from  9ft.  to  10ft.  long.  A  number  of  slides  were  shown 
illustrating  the  construction  of  the  boiler.  The  barrel  com- 
prised two  or  three  plates  with  longitudinal  butt  joints.  The 
circumferential  joints  were  usually  single-riveted  lap  joints. 
The  joints  between  the  barrel  and  throat  plate  and  wrapper 
and  barrel  varied  according  to  the  builder.  The  inside  fire- 
box was  supported  by  the  foundation  ring  at  the  bottom,  and 
the  roof  was  supported  by  either  bridge  or  sling  stays.  The 
sides  were  stayed  by  copper  stays  screwed  through  the  casing 
and  into  the  firebox  and  riveted  either  end  or  both.  With 
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regard  to  the  material  used  for  boilers,  it  was,  he  observed,  cer- 
tain that  Low  Moor  iron  would  stand  the  wear  and  tear  of 
running  better  than  practically  any  stee】，  but  steel  came 
into  general  use  due  to  its  price  and  strength.  The  copper 
used  for  the  inside  was  specified  as  '£  best  copper  ，，  because 
pure  copper  was  too  soft  and  liable  to  burn  away.  One  of 
tlie  greatest  troubles  with  boilers  was  grooving,  and  a  con- 
stant watch  must  always  be  kept  for  this.  Bridge  stays, 
although  heavy  and  clumsy,  had  the  advantage  over  vertical 
stays  that  while  the  firebox  crown  was  supported  there  was 
always  space  for  the  inner  firebox  to  move  up  with  expansion. 
The  Belpaire  firebox  could  use  vertical  stays  owing  to  the  flat 
casing  and  flat  crown,  but  even  where  the  casing  became 
stitfer  the  vertical  stays  were  fitted  with  an  expansion  bracket. 
A  number  of  "  patent  "  copper  stays  had  bee n  introduced 
with  special  means  of  showing  failures,  but  most  English 
railways  used  the  plain  stay  and  preferred  to  examine  each 
stay.  The  tubes  were  usually  made  of  steel,  except  in  certain 
parts  where  iron  was  iued ―  due  to  the  difference  of  the 
water. 


EFFECT  OF  PRESS  WORK  ON  THE  SEASON-CRACKING 
OF  BRASS. 

The  season-cracking  of  brass  is  almost  invariably  found  in 
instances  where  the  brass  has  been  drawn  or  otherwise  worked. 
It  does  not  appear  to  have  been  found  in  cast  or  similar 
articles,  and  while  it  is  now  and  then  located  in  annealed 
brass  goods,  such  cracks  as  may  appear  are  usually  a  case  of 
crystallisation,  and  are  brought  about  by  external  influences 
such  as  compounds  containing  ammonia  or  similar  agents. 
This,  however,  is  comparatively  rare,  and  by  far  the  greater 
number  of  instances  of  the  cracking  of  brass  is  on  drawn 
brass,  and  are  season-cracks,  pure  and  simple.  Season-cracks 
do  not  appear  to  be  confined  to  yellow  brass  alone,  so  that 
one  cannot  say,  therefore,  that  the  brass  itself  is  alone  sub- 
ject to  it,  but  other  metals  as  well  occasionally  show  it.  Soft 
metals,  such  as  copper,  soft  bronze,  &c.，  are  not  subject  to  it, 
but  the  hard  metals,  which  have  been  drawn,  will  usually 
crack  under  the  right  conditions.  Aluminium-bronze,  whicli 
hardens  rapidly  when  rolled  or  drawn,  is  subject  to  it,  and 
as  this  alloy  is  of  a  different  nature  than  brass,  it  is  apparent 
that  zinc  is  not  the  cause  of -the  cracking. 

Season-cracks  are  caused  by  internal  strains  in  the  brass. 
This  fact  is  the  reason  why  the  cracks  appear  in  drawn  brass 
goods.  Those  which  are  annealed  do  not  show  it.  Neither 
clo  those  which  have  been  properly  drawn.  With  those  which 
have  been  drawn  in  a  press  in  an  imperfect  manner,  strains 
are  set  up  which  finally  result  in  actually  pulling  the  metal 
apart.  Let  the  matter  be  analysed  more  thoroughly.  A 
thick  seamless  drawn  brass  tube  is  a  good  example  of  an  object 
in  which  strains  can  be  set  up.  When  this  is  drawn  through 
a  die  in  a  manner  so  that  only  the  outside  layer  is  worked, 
and  it  is  drawn  quite  hard  so  that  there  is  left  little  elonga- 
tion and  reduction  of  area,  the  inside  is  left  comparatively 
soft  and  the  outside  drawn  hard  so  that  there  is  always  a 
tendency  for  the  outside  layer  of  metal  to  pull  away  from 
the  inside.  If  the  tube  is  now  annealed,  the  strain  will  fre- 
quently cause  the  tube  to  crack  and  open  up  at  the  end  like  a 
flower,  bending  outwards.  The  strain  on  the  outside  pulls 
the  metal  from  the  inside,  causing  an  outward  bending  with 
the  flower-like  appearance.  On  the  other  hand,  if  tlie  tube 
is  not  annealed,  but  is  left  in  its  hard-drawn  condition,  it  will 
probably  crack  in  the  same  manner  in  time.  How  long  a 
time  will  depend  upon  the  condition  of  drawing,  but  if  it  does 
occur  the  end  of  the  tube  may  have  the  appearance  identical 
with  that  of  the  tube  which  has  been  annealed.  Fire-cracks 
and  season-cracks  are,  therefore,  produced  by  the  same  cause, 
viz.,  internal  strains  in  the  brass. 

In  the  case  of  sheet  brass  that  has  been  drawn  in  the 
press,  the  effect  is  the  same  as  that  of  the  previously- 
mentioned  tube.  Strains  are  set  up  in  the  brass  which,  under 
the  influenci  of  time,  cause  the  metal  to  be  pulled  apart.  In 
one  instance  a  piece  of  a  shell  of  drawn  brass  was  badly 
season-cracked.  This  was  of  ordinary  yellow  brass  sheet  and 
had  cracked  only  after  a  lapse  of  a  number  of  years.  At 
first  there  was  no  indication  of  cracking  in  tlie  shell,  but  after 


about  a  year  small  cracks  could  be  seen,  and  these  finally 
opened  out.  Sheet  metal  is  drawn  in  a  press  by  means  of  a 
punch  and  die.  Tlie  die,  of  course,  is  the  shape  of  the  outside 
of  the  shell  while  the  punch  determines  that  of  the  inside.  It 
seems  a  very  simple  matter  to  form  a  cylindrical  shell,  and  so 
it  is,  but  the  difference  between  good  and  poor  press  work  will 
determine  whether  the  shell  will  season-crack  or  not.  It'  t he 
brass  is  simply  formed  into  shape  by  the  punch  and  die  and 
the  metal  is  not  worked  or  stretched  in  any  way,  it  will  be 
pretty  likely  that  it  will  season-crack,  as  there  will  be  strains 
set  up  in  the  metal  whicli  will  cause  an  uneven  tension  to 
exist,  and  that  will  result  in  the  ultimate  tearing  apart  of 
the  shell.  On  the  other  hand,  if  the  shell  is  driwn  so  that 
the  metal  is  actually  stretched  even  a  slight  amount,  season- 
cracking  will  be  prevented.  In  connection  with  this  important 
part  of  the  drawing  of  brass  shells,  the  following  observations 
on  the  making  of  objects  of  brass  by  means  of  the  press  were 
published  in  "The  Brass  World/'  July,  1906,  page  237,  the 
author  of  which  was  Edgar  P.  Webster,  an  expert  in  the 
drawing  of  metals.  In  connection  with  the  season-cracking 
of  drawn  brass  shells,  he  said : 

" A  large  quantity  of  drawn  brass  shells  were  made  from 
sheet  in  a  drawing  press.  The  relative  shape  of  the  die  and 
force  was  such  that  the  brass  was  not  stretched  in  any  way. 
The  shell  was  formed  and  that  was  all.  When  the  shells  were 
finished,  they  had  small  wrinkles  or  corrugations  on  the  sur- 
face; not  enough  to  be  conspicuous,  however,  but  nevertheless 
sufficient  to  indicate  that  tlie  metal  had  not  been  stretched 
at  all.  The  shells  were  placed  in  barrels  and  set  one  side, 
and  within  a  short  time  all  of  them  had  split  open.  After 
giving  the  matter  much  consideration,  it  was  decided  to 
shrink  the  die  a  small  amount  so  that  the  metal  in  tlie 
shell  would  actually  be  stretched  a  small  amount,  so  that  it- 
would  be  drawn  and  not  (  formed.'  This  was  done,  and 
the  result  was  that  all  the  shells  came  out  right  and  without 
tlie  formation  of  any  season-cracks.  I  shall  not  attempt  to 
comment  on  the  theory  of  this  method  of  preventing  the 
season-cracking  of  drawn  brass  shells,  as  it  seems  difficult  to 
explain.  The  fact  remains,  however,  that  if  the  sheet  brass 
is  drawn  in  a  press  ni  such  a  manner  that  the  metal  is  only 
formed  into  shape  and  not  stretched  at  all,  season-cracking 
will  undoubtedly  take  place.  The  method  of  preventing 
season-cracks  is  to  n】ake  the  die  so  that  the  metal  will  be 
stretched  a  small  amount.  If  forming  has  take"  place  and 
the  metal  has  not  been  stretched  the  surface  will  usually 
have  wrinkles.  On  the  other  hand,  if  the  metal  has  been 
stretched,  it  will  have  a  smooth  appearance.  I  do  not  know 
of  aiiy  better  expression  than  to  say  that  the  metal  must  be 
' ironed  out,'  The  object  is  to  stretch  the  brass  to  a 
sli^lit  degree." —— "The  Brass  World.'' 


The  Cost  of  Rubber. ― Some  interesting  figures'  relating  to  the 
rubber  industry  of  the  Federated  ^Talay  States  are  furnished  in 
the  annual  report  of  the  Chief  Secretary  for  1912.  This  states 
that  the  area  opened  in  the  Protectorate  for  rubber  that  year  was 
54,105  acres,  as  compared  with  107,200  acres  in  1911.  There  wero 
703  estates  working.  The  Director  of  Agriculture  finds  it  difficult 
to  arrive  at  any  definite  conclusion  as  to  the  cost  of  production 
from  the  returns  furnished  by  estates,  but  he  is  convinced  that 
with  a  sound  system  of  accounts  rubber  is  being  produced  in 
Ma  la  3' a  and  placed  on  tlie  market  at  from  Is.  to  Is.  2d.  per  pound, 
ami  hp  lias  no  doubt  that,  with  tho  increasing  age  of  the  trees, 
thinning  out,  and  the  consequent  reduction  in  the  cost  of  tapping 
for  the  same  amount  of  rubber,  these  figures  will  be  reduced.  It 
is,  however,  considered  advisalile  to  warn  planters  that  they  must 
be  prepared  to  face  synthetic  rubber  as  a  competitor,  a  number  of 
chemists  in  England  and  Germany  being  engaged  in  working  out 
this  problem,  and  he  observes  that  because  the  first  announcement 
was  premature,  the  attitude  that  there  is  nothing  to  be  f oared 
is  strongly  to  be  deprecated.  Mr.  Eaton,  the  chemist  of  the 
department,  during  a  visit  to  Germany,  was  able  to  obtain 
samples  of  synthetic  rubittT,  \\hicli  might  be  described  as  slightly 
inferior  plantation  crepe.  The  cost,  he  was  informed,  was  about 
2s.  a  pound.  In  his  opinion,  there  was  no  need  to  fear  the  com- 
petition of  synthetic  rubher  for  several  years,  when  plantation 
rubber  can  be  put  on  the  market  by  \vell-managed  estates  at  Is.  a 
pound.  It  is  announced  that  the  amount  of  capital  invested  in 
rubber  groAving  in  the  Federated  Malay  States  is  £40,000,000 
sterling. 
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POWER  PRODUCTION  IN  THE  UNITED  KINGDOM.* 

BY  EDWARD  O.  II I  LI-K  It . ,  M.I. O.K.,  M.I.M.K. 

In  this  country  tlie  utilisation  of  the  natural  sources  of  energy 
on  a  large  scale  dates  from  about  the  middle  of  t  lie  eigliteentli 
century  when  the  improvements  in  tlm  steam  engine  made  by 
Newcomen,  Smeaton,  and  Watts  placed  at  the  service  of 
industry  for  the  first  time  a  practical  producer  of  mechanical 
energy  from  coal.  Since  that  period  developments  have 
proceeded  rapidly,  and  in  all  departments  ol"  i  lie  modern 
social  organism  the  utilisation  of  the  natural  sources  of  energy- 
is  found  more  or  less  developed.  In  many  industries  liand 
working  has  been  replaced  by  power-driven  factories  ；  trans- 
port of  all  kinds  is  now  carried  on  by  power-driven  appliances 
such  as  steamboats,  locomotives,  motor-cars  and  motor- 
wagons.  In  every  direction  the  endeavour  of  man  to  obtain 
an  easier  way  of  living  is  finding  a  more  or  less  partial  solution 
in  the  adoption  of  the  utilisation  of  some  natural  source  of 
energy. 

The  power  production  of  tlie  country  may  broadly  be 
looked  at  much  as  the  performance  of  a  single  engine  is  con- 
sidered. In  the  United  Kingdom  the  principal  soum' ("' 
mechanical  energy  lies  in  the  coal.  A  certain  amount  ol'  this 
coal  is  produced  and  utilised  in  power  production  either  by 
steam  boilers  and  steam  engines,  steam  turbines,  gas  pro- 
ducers, gas  engines,  and  the  like  ；  and  the  total  efficiency  of 
the  combined  machine  as  regards  the  coal  wliioli  is  utilised 
and  the  power  which  is  given  out  by  the  whole  power  equip- 
ment of  the  country  might  be  considered  from  the  point  of 
view  of  efficiency,  just  as  in  one  single  factory  an  efficiency 
factor  might  be  determined  by  the  coal  given  into  the  boiler- 
house,  and  the  energy  which  is  given  out  at  the  engine  crank 
shaft.  Similar  questions  as  those  which  apply  to  a  single 
engine  may  be  applied  to  the  wliole  of  the  power  of  tlie 
United  Kingdom.  How  does  it  develop  its  power ？  How 
much  power  is  developed  and  with  wliat  efficiency  ？  What 
are  tlie  relative  results  of  the  different  kinds  of  power  pro- 
ducers as  regards  economy,  efficiency,  and  reliability  ？  A 
further  step  might  b©  taken  by  comparing  the  efficiency  of 
this  particular  machine  with  that  of  other  power  plants  on 
a  large  scale,  such  as  the  power  production  of  the  United 
States  of  America,  France,  or  Germany. 

A  critical  comparison  of  the  results  obtained  in  different 
ways  might  be  useful  in  indicating  in  which  directions 
improvements  are  to  be  expected.  A  similar  comparison  of 
the  rational  basis  of  the  various  differences  which  are  to  be 
observed  in  power  plant  in  different  countries  ought  also  to 
be  helpful.  Some  countries  show  great  development  in  one 
sort  of  power  ；  others  seem'  to-  lag  behind.  A  reply  to  the 
question  as  to  the  origin  of  the  difference  would  indicate 
whether  the  lagging  behind  was  apparent  or  real  ；  whether, 
in  fact,  the  country  which  lagged  behind  might  be  prod lim- 
its power  at  a  greater  expenditure  of  coal,  but  at  a  less  total 
expenditure  having  regard  to  the  whole  of  the  expenses 
involved  in  the  production  of  the  power. 

Again,  in  different  parts  of  the  United  Kingdom  the  stats 
of  development  of  power-producing  machinery  varies  con- 
siderably. In  some  districts  the  power-producing  machinery 
in  operation  is  of  tlie  highest  development  ；  ii 广 other  parts 
apparently  methods  of  power  production  have  stood  still  for 
a  number  of  years.  A  comparison  of  this  kind  might  lead 
to  serviceable  action  if  the  industries  of  the  United  Kingdom 
were  under  one  management.  The  industrial  kingdom,  how- 
ever, is  under  a  multiplicity  of  individual  managements,  and 
their  shortcomings  only  become  evident  under  the  pressuro 
of  competition  or  by  the  advice  and  information  given  l>v 
consultants,  insurance  companies,  and  other  power  doctors. 
The  latest  and  newest  in  power  production  is  not  immediately 
brouglit  before  the  notice  of  power  users,  but  the  realisation 
of  their  inefficiency  is  slow  and  often  indirect  ；  consequently 
progress  in  economy  and  efficiency  of  power  production  is 
irregular  and  often  delayed.  In  some  iiulustries  and  dis- 
tricts conditions  have  called  for  a  greater  degree  of  economy  ； 
in  other  cases  profits  have  been  made  without  hi^li  efficienVv 
in  power  development,  or  enterprise  has  lagged  behind  in 
tlie  district,  and  old-fashioned  and  wasteful  methods  con- 
sequently persist. 

Paper  read  before  the  Manchester  Association  of  Engineers,  January  24th, 


I  it  a  place  like  the  United  Kingdom  wliere  so  much  is  left 
to  individual  development,  the  efficiency  of  power  production 
shows  great  variety  of  attainment.  To  completely  depict  tho 
present  condition  o\'  t  he  United  Kin^ioin  in  t  Ik-  "i;it"'r  ol" 
power  development  obviously  involves  the  building  up  of 
details  and  particulars  of  a  large  mass  of  general  statist  irs, 
and  at  an  early  stage  it  became  evident  to  the  author  tliat 
it  would  be  necessary  for  him  to  place  such  limit's  on  the 
scope  of  this  enquiry  as  would  enable  it  to  be  dealt  witli  in 
the  time  at  liis  disposal. 

A  large  number  of  statistics  bearing  on  this  subject  have 
been  collected  and  issued  by  the  Government  of  tliis  country, 
and  tlie  Final  Report  of  the  First  Census  of  Production  of 
the  United  Kingdom  (1907)  includes  much  information.  In 
some  directions,  however,  definite  information  is  lacking. 
The  picture,  therefore,  which  the  author  is  attempting  to  give 
must  in  much  of  the  detail  be  lacking  in  definition,  but  it 
is  hoped  that  the  general  view  conveyed  will  be  of  interest, 
and  that  some  of  the  comparisons  and  results  of  experience 
will  be  of  service - 

This  review  is  intended  to  cover  the  field  of  mechanical 
power  production  on  land  for  the  driving  of  factories  and 
works.  It  includes :  Fixed  motive  power  for  factories,  mines, 
and.  the  like  ；  fixed  boilers,  steam  engines,  steam  turbines, 
and  the  like  ;  fixed  gas  engines  and  oil  engines.  It  does  not 
include  any  close  consideration  of  railway  locomotives,  motor- 
cars, or  steamboats.  In  the  fixed  boilers  are  included  those 
at  power  stations  developing  electricity  and  the  like.  Elec- 
tricity is  considered  not  as  a  motive  power,  but,  for  the 
present  purpose,  as  a  means  of  transmitting  motive  power. 
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Fig.  1.— Showing  by  Full  Line  the  Annual  Output  op  Coal  in  the  United 
Kingdom,  and  by  Dotted  Line  the  Annual  Export  of  Goal  from 
the  United  Kingdom. 

Iii  the  United  Kingdom  the  principal  source  of  mechanical 
power  is  coal.  Some  combustible  oil  is  produced,  but  the 
total  quantity  of  this  is  small.  A  considerable  amount  of  oil 
is  imported,  but  there  would  not  appear  to  be  any  detailed 
information  as  to  the  quantity  of  this  which  is  used  for  power 
production,  and  it  is  not  proposed  to  give  any  close  estimate 
in  this  present  consideration  of  the  total  power  produced  by 
oil  engines  and  petrol  engines.  As  coal  is  the  origin  of  the 
power  by  which  the  industries  of  the  country  are  operated,  it 
is  to  be  regarded  as  an  essential  element  of  the  prosperity 
of  the  country.  As  compared  with  water  power,  coal  has  one 
serious  disadvantage.  Coal  is  used  up  and  disappears  ；  water 
power  is  renewed.  The  water  power  of  Norway,  for  instance, 
is  being  continuously  replenished  by  the  action  of  the  sun  in 
evaporating  water  and  depositing  snow  on  the  mountains, 
but  the  coal  supply  of  our  country  is  being  used  up  without 
any  present  prospect  of  any  new  source  of  energy  to  replace 
it.  From  tliis  point  of  view  there  is  ample  justification  for 
the  attention  wliich  has  been  given  to  tliis  store  of  energy 
by  Royal  Commissions,  and  for  the  careful  consideration  of 
aH  reasonable  means  of  conserving  the  store  of  energy  and 
economising  its  use. 

Fig.  1  shows  the  amount  of  th^  coal  produced  in  the 
United  Kingdom,  and  also  the  amount  exported  for  the 
years  referred  to.  The  upper  full  line  representing  the  total 
output  shows  the  continuous  but  fluctuating  increase  which 
！ narks  the  development  of  the  coal  industry,  the  demand 
increasing  both  for  home  consumption  and  export.  The 
homo  consumption  is  represented  by  the  distance  between  the 
top  full  line  and  the  lower  dotted  line.  In  the  earliest  vear 
shown,  1873，  the  home  consumption  was  about  113  million 
tons;  in  the  latest  year  shown,  1911,  it  was  about"  185  million 
tons,  an  increase  of  over  60  per  cent.    The  dotted  export  line. 
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however,  shows  a  tendency  to  still  more  rapid  increase,  the 
figures  being  about  16  million  tons  for  the  earliest  year,  1873, 
•lXnd  for  the  last  year,  1911，  87  million  tons,  which  is  between 
live  and  six  times  that  of  the  earlier  year.  In  fact,  this 
particular  part  of  t  lie  coal  consumption  is  growing  so  rapidly 
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-Approximate  Subbittsion  of  the  Usks  to  which  the  Coal  Coxsumkd 
in  thr  United  Kingdom  is  Applied. 

that,  as  was  recently  stated  by  a  leading  authority,  the  great 
developments  in  new  collieries  seem  likely  to  do  little  more 
than  keep  pace  with  the  increase  in  exports.  It  will  be  seen 
that  the  total  output  of  coal  from  the  United  Kingdom  in 
the  year  1873  was  about  129  million  tons,  and  in  1911  ifc  was 
about  272  million  tons,  the  output  during  that 
period  having  therefore  rather  more  than  doubled. 

An  examination  of  the  figures  would  indicate 
tliat  the  amount  of  coal  produced  which  was 
retained  and  consumed  both  for  industrial  and 
domestic  purposes  in  the  United  Kingdom  in 
1873  was  at  the  rate  of  3  5  tons,  and  in  1911 
4*08  tons  per  head  of  the  population.  This  is, 
of  course,  only  a  method  of  representing  to  the 
mind  in  a  tangible  form  something  like  the  rate 
at  which  stores  of  natural  energy  are  being 
used.  The  figures  of  129  million  tons  and  272 
million  tons,  in  themselves,  do  not  convey  any 
very  definite  idea  of  what  is  going  on.  The 
increase  in  the  rate  of  consumption  per  head 
of  the  population  would  indicate  broadly  that 
these  figures  are  in  agreement  with  common 
experience,  which  is  that  there  is  a  gradual 
tendency  to  use  more  and  more  the  energy- 
derived,  directly  or  indirectly,  from  coal,  in 
carrying  out  the  industries  and  the  ordinary 
occupations  of  the  people  of  this  country. 

On  Fig.  2  is  shown  an  estimate  for  the  years 
1903  and  1911  of  the  approximate  suVdivision 
of  the  uses  to  which  the  coal  consumed  in  the 
United  Kingdom  is  applied.  The  year  1903  has 
been  taken  because  that  is  the  year  covered  by 
report  of  the  Royal  Commission  on  Coal  Supplies,  which  is 
the  origin  of  this  set  of  figures.  The  1911  figures  are  the 
latest  available  at  the  time  of  writing.  The  figures  such  as 
those  for  railways,  coasting  steamers,  and  gasworks  are  taken 
from  the  direct  official  returns,  but  the  sub-division  of  the 
otlier  figures  is  mainly  estimated.    It  is  to  be  observed  that 


these  figures  will  be  affected  as  from  year  to  year  by  several 
factors.  The  steady  increase  of  population  will  tend  to  a 
steady  gradual  growth  of  coal  consum j)tion  in  industry  and 
for  domestic  purposes.  The  cyclic  fluctuations  of  trade  from 
year  to  year  will  affect  the  amount  used  in  different  indus- 
tries, and  the  weather  will  affect  the  amount  of  the  purely 
domestic  consumption. 

In  1903  the  coal  consumed  on  the  railways  of  the  United 
Kingdom  was  at  the  rate  of  13  million  tons,  and  in  1911 
12*8  million  tons,  showing  a  slight  apparent  decrease,  although 
the  railways  are  obviously  being  used  in  carrying  an  increasing 
population,  with  a  corresponding  increase  of  movement  of 
industrial  goods  and  necessaries  of  life.  These  figures  indicate 
broadly  that  such  transport,  on  the  whole,  was  being  done 
more  economically  in  1911  than  in  1903，  so  far  as  fuel  con- 
sumption is  concerned,  by  the  railways.  This  economy  in 
fuel  may  not,  however,  be  due  to  improved  methods  of  directly 
utilising  the  energy  so  much  as  to  economies  of  aclminist ra- 
tion which  the  railways  have  introduced,  such  as  the  dropping 
of  unnecessary  trains  and  as  far  as  possible  travelling  with 
full  trains.  The  figures  suggest  that,  in  one  way  and  another, 
considerable  economies  have  been  possible  with  existing 
methods  of  working  with  ordinary  steam  locomotives. 

The  coal  used  for  coasting  steamers  is  only  a  relatively 
small  item,  but  is  set  down  separately  because  separate  official 
figures  are  given  for  it.  This  is  part  of  the  home  consump- 
tion of  coal,  and  is,  of  course,  subject  to  the-  general  improve- 
ment which  is  taking  place  in  the  utilisation  of  steam  and 
in  fuel  economies  on  board  ship.  It  is  not  】iecessai'v  to 
remind  engineers  that  a  continuous  force  is  working  in  the 
direction  of  the  adoption  of  more  economic  driving  methods. 
It  is  not  the  scientific  interest  in  the  economy  of  the  utilisa- 
tion of  energy  which  leads  to  the  adoption  of  more  economical 
driving,  but  the  power  user's  realisation  of  the>  fact  that  if 
he  can  save  coal,  lie  can ― other  things  being  equal ― make 
more  profit.  This  is  an  automatic  impulse  always  tending 
towards  the  adoption  of  those  methods  which,  on  the  whole, 
conduce  to  the  desired  end. 

The  proportion  of  coal  consumed  under  the  various  head- 
ings which  is  used  for  steam  power  will,  of  course,  vary. 
Probably  the  greater  part  of  that  under  the  headings  of 
factories  and  of  mines  is  used  for  power,  and  also  a  large 
proportion  of  that  under  the  heading  of  iron  and  steel  iiuhis- 
tries ；  the  remainder  of  tlie  fuel  being  utilised  mainly  for 
the  production  of  heat  for  manufacturing  processes  and  other 
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-Division  of  Total  Engine  Poweb  amongst  Different  Ixdustriks, 
and  Different  Kinds  of  Engines. 

objects.  In  this  connection  it  is  to  be  observed  that  what- 
ever the  future  of  steam  in  power  production  is  likely  to  be, 
its  use  for  heating  and  manufacturing  processes  is  con- 
tinuously expanding  at  the  present  time,  and  there  is  no 
sign  of  the  obsolescence  of  steam  as  a  form  of  commercial 
energy. 
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The  estinwiied  iigures  lor  the  coal  coiisiiiricd  in  lactories 
were  in  1903  53  million  tons,  1911  60*7  million  tons.  This 
is  tho  largest  single  heading  of  tlio  si 山- division,  ； md  includes 
the  principal  classes  of  p(>w(、r  prmlurtio'',  also  1  lie  amount  m 
fuel  usetl  in  processes  of  maiiufact  urc  such  ； is  ""。 
tlyeing,  drying,  atul  the  like.  On  i  li*'  wliole,  it  is  to  be 
observed  that  no  great  clwui^c  in  tlu»  mdliods  of  factory 
driving  has  taken  place  during  the  period  rofenod  to.  Textile 
fad  ones  are  still  mainly  driven  by  steam  boilers  and 
with  a  separate  power  inslallaiion  at  eacli  works,  hut  in  later 
years  a  large  liurnber  of  iiulust rial  establishrntMits,  mainly 
small  ones,  have  found  it  to  their  advania^e  to  buy  tlioir 
power  ratlior  ilian  to  generate  it  separately.  Tn  190.'5  t  lie 
power  stations  for  the  production  and  distribution  <>?  elec- 
\  ricily  wtM*o  in  so  strong  a  ]>osii  ion  as  at  present.      I  n 

later  years  t  lioir  impoftanco  lias  shvulily  grown,  ； is  is  shown 
|>v  the  figures  of  Fig.  ；)  a"(l  Table  I.  I  n  most  ''as('s，  as  in 
iiioso  of  ordinary  t  own  'supplies  of  (、k、('t  ririt  y，  coal-Iired  lmi!t、rs 
and  steal"  olivines  or  sioam  tm'l)"s  are  used  for  tlie  ge'i, 'ra- 
tion of  electricity,  but  in  some  districts,  as  on  the  North-east 
Coast,  】iiuch  of  the  energy  which  was  previously  thrown  to 


As  regards  o<'onoini(is  generally,  it  is  to  Ik:  obsorvod  th;tt 
great  economies  (ammt  conic  at  once.  Old  plants  imi.st 
generally  work  out  tlieir  time  before  replacement.  A  ' "m 
j>arison  of  the  cost  of  modem  plant  with  old  ])lan( 、'小 l'>m 
shows  that  the  savings  of  the  mod  cm- n  plant  are  sufliri^nt  lv 
great  to  justify  financially  the  】>ulli"g  out  of  an  old  pUni! 
wliicli  is  iu  good  condition.  As  a  rule,  the  econoniic  diaii^cs 
are  effected  wlien  old  plants  are  worn  out  or  when  new  1;，'  - 
tories  are  started  ；  consequently,  changes  in  economy  of  power 
are  slow  in  taking  general  effect,  and  at  any  period  the  mass 
of  power  producers  include  ：  (1)  Some  old  wasteful  plants. 
(2)  A  large  number  of  niiddle-aged  plants,  with  nioderate 
economy.  (3)  A  proportion  of  new  plants,  with  the  t 
economy  available  up  to  date. 

The  first  two  factors,  of  ('o"rw，  ； ilTcct  (he  avcr;»«4«r  of 
economy,  and  while  tlierefore  the  tot  ； *l  ，'<('iH)my  improves,  1 1  if 
average  economy  necessarily  is  always  materially  below  the 
best. 

The  consumption  of  coal  shown  at  mines  of  various 
kinds  was  ：    1903,  18  million  tons  ；  1911,  20*5  million  -  tons. 
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waste  is  now  being  utilised  in  the  form  .  of  blastfurnace  gas 
engines  or  exhaust  steam  turbos,  used  to  produce  electricity 
for  sale. 

In  the  power  production  in  factories,  changes  toward 
greater  economy  are  slowly  and  continuously  taking  place. 
Competitive  movements  in  trade  exercise  a  continuous  pres- 
sure in  tlie  direction  of  iniprovemeut  in  】notho(l  of  power  j>ro- 
chu'lion.  The  question  of  cost  of  power  is  iilwavs  involved  in 
the  cost  of  the  lnaiuii'actured  article  to  a  greater  or  lesser 
degree  according  to  tlie  nature  of  the  trade,  aiul  it  often 
Iia])|)cns  tli at  the  costly  ami  ancient  methods  ol'  producing 
power  arc  associated  wit  h  wasteful  ma  mi  t'acturing  plant,  so 
that  the  inovement  for  the  improvement  of  the  one  also  aflcct-s 
tlie  other.  The  use  of  steam  for  small  independtMit  units 
power  is  prohahl v  tlerreasing,  ]>artirularlv  iu  large  towns 
wlicre  gas  or  electric  supply  is  available,  small  steam  (Migines 
lor  power  production  being  frequently  replaced  l>v  "l(、rtri(' 
uiotors  or  small  gas  engines,  except  iu  those  cases  -where  steam 
is  also  used  tor  inanufacturing  purposes.  Larger  factories 
sliow  a  general  advance  in  economy,  the  standard  plant  in 
the  larger  textile  factories  consisting  of  Lancashire  or  similar 
toilers  combined  with  superheaters,  fuel  (vcm(、"iis(»i's，  ami 
Corliss  ur  dro]>  valve  steam  engines.  Some  few  of  tln>  ISr^er 
factories  are  driven  by  turlms  juul  sonic  l>v  ^a.s  engines,  lnil 
a  number  of  large  factories  a  re  driven  l>v  chn'trk'  power  from 
electric  stations. 


In  the  period  referred  to  there  had  been  considerable  de- 
velopments of  mining  in  some  districts  ;  thus,  the  coal  mining 
industry  would  appear  to  be  pushing  east  in  the  Yorkshirr 
and  Nottingham  district,  the  tendency  being  to  larger  under- 
takings witli  more  efficient  power  equipment  than  was  tlie 
practice  in  the  past  with  colliery  undertakings.  In  earlier 
times  one  of  the  districts  in  which  fuel  economy  reached  its 
highest  point  was  in  Cornwall  in  connection  with  tin  mines 
in  that  district.  For  some  years  the  metalliferous  niinin*; 
of  that  part  of  the  United  Kingdom  was  a  very  flourisliin^ 
industry,  and  then  owing  to  cheaper  foreign  i)iocIuctiuii  oi'  the 
metcils,  the  Cornish  industry  fell  away,  between  1 903  aiul 
1(J】1，  however,  a  revival  of  the  industrv  has  taken  place, 
steam  boilers  being  used  for  this  to  some  extent,  and  also 
iiileriial-foinbustion  engines. 

丄 li  past  years  generally  a  low  ecoiioinv  oi  fuel  was  ol>scrv- 
able  in  conneL'tiou  witli  colliery  practice  generally,  tho  ex 
haust  steam  from  all  engines  blowing  away  and  the  jiower 
being  developed  about  the  pits  by  wasteful  small  engines 
for  hauling,  pumping,  and  ventilation,  either  connectcc)  l>v 
】ong  steam  pipes  wliirli  lost  heat  l、v  <  (>ii<Iensation,  or  jirovided 
with  iiulepoiulont  ； nul  somowliat  wasteful  hoilrrs.  I n  many 
okl  coal  pits,  considerahlo  orononiv  has  been  offevtod  l、v  in- 
stalling exhaust  or  niixiMl-prossuro  tnrl>inos  to  iiiili^e  the  ex- 
haust steam,  and  by  putting  clown  ccntriil  stations,  tli>trilmt - 
ing  the  power  electrically  and  driving        power  station  by 
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either  steam  plant  or  by  gas  engines.  It  is  to  be  noted  in 
this  connection  that  the  increasing  adoption  of  modern  forms 
of  coke  ovens  is  generally  being  accompanied  by  a  more  effi- 
cient utilisation  of  the  coke  oven  gas  in  the  production  of 
power.  The  coke  oven  gas  is  of  a  high  calorific  value,  and 
when  properly  purified,  lends  itself  to  use  in  gas  engines. 
(To  be  continued.) 


THE  PRESERVATION  OF  IRON  AND  STEEL  STRUCTURES.* 

BY  F.  CROSBY-JONES. 

Some  of  the  agencies  which  hasten  the  corrosion  of  iron  and 
steel  are :  (1)  Alternate  exposure  to  action  of  atmosphere 
and  water  ；  (2)  the  deposition  of  water  in  depressions,  cracks, 
and  crevices  ；  (3)  exposure  to  smoke,  heated  vapours,  and 
acid  gases  ；  (4)  damp  and  vitiated  atmosphere  ；  (5)  the 
accumulation  of  soot,  dust,  decaying  matter,  &c.  ；  (6)  dripping 
water,  fresh  or  salt  ；  (7)  stray  electric  currents,  and  elec- 
trolytic action  ；  (8)  several  different  classes  of  iron  and  steel 
incorporated  in  one  structure  ；  (9)  inequalities  of  temperature. 
In  some  instances  the  agencies  may  be  guarded  against,  but 
in  many  cases  it  is  quite  impossible  to  prevent  them  being 
present :  therefore  we  must  look  to  the  improvement  in  the 
power  of  the  metal  to  combat  corrosion,  or  to  a  suitable 
protective  covering. 

Iron  and  steel,  by  their  nature,  are  such  that  should  we  be 
able  to  incorporate  with  them  some  ingredient  that  would 
prevent  corrosion,  it  would  entirely  alter  their  construction, 
and  would  probably  render  them  useless  for  many  of  the  pur- 
poses to  which  they  are  now  put.  If  it  did  not  do  this,  it 
would  constitute  sucli  a  material  that  existing  methods  of 
manufacture  would  be  altered  ；  in  consequence,  it  is  k>  manu- 
facturers of  iron  and  steel  to  whom  we  must  look  for  any 
improvements  in  this  direction.  Until  such  are  effected  we 
must  devise  the  best  methods  to  protect  the  surfaces,  and  so 
preserve  the  body  of  the  metal  ；  or  utilise  existing  methods, 
which  include  :  (a)  Covering  by  means  of  a  non-corrodible,  or 
less  corrodible  metal,  aud  by  a  metal  that  corrodes  and,  being 
electro-positive  to  iron,  thus  will  protect  it  during  its  life; 
(6)  by  coating  with  porcelain  enamels,  which  are  afterwards 
stoved  ；  (c)  by  an  oxidising  process  ；  (cl)  by  Portland  cement  ； 
(e)  by  paint,  varnish,  or  bituminous  solutions  or  compositions. 

Eltctro-flating  and  Dejjositi/ifj. —— Under  this  heading 
falls  electro-plating  and  depositing  in  all  its  branches.  This 
is  a  very  efficient  means  of  protection  properly  carried  out, 
but  is  not  applied  to  very  large  structures,  owing  to  the  size 
of  tanks  that  would  be  required,  and  the  amount  of  solution 
involved.  The  work  is  first  pickled  in  hot  dilute  sulphuric 
or  muriatic  acid,  after  which  it  is  thoroughly  washed  and 
brushed  in  water,  then  is  immersed  in  an  alkali  bath  to 
remove  all  traces  of  acid  before  proceeding  to  the  depositing 
tank,  where  the  desired  metal  is  deposited  on  the  material 
under  treatment,  by  means  of  electricity.  Galvanising  is 
carried  out  by  dipping  into  molten  zinc  by  fire  or  acids.  It 
is  a  good  means  of  protection  against  ordinary  atmospheric 
conditions,  so  long  as  the  zinc  remains,  due  to  the  fact  that 
zinc  is  electro-positive  to  iron.  Galvanised  iron  is  readily 
affected  by  acids  ；  in  large  manufacturing  districts,  roofs 
made  of  tliis  material  deteriorate  quickly  for  this  reason  ； 
whereas  in  country  districts,  where  the  atmosphere  is  free 
from  acids,  they  endure  for  quite  lengthy  periods.  The  tin- 
plate  industry  is  another  example  of  coating  with  metal.  So 
long  as  the  coating  of  tin  remains  intact  all  goes  well,  but 
as  soon  as  the  tin  is  abraded  or  wears  corrosion  makes  rapid 
headway.  Sherardising  is  a  process  by  which  iron  is  covered 
with  a  coating  of  zinc.  The  articles  to  be  treated  are 
thoroughly  cleaned,  and  are  then  kept  enclosed  in  zinc  dust 
at  a  temperature  of  300°  C.  for  about  one  hour.  This  pro- 
cess gives  a  very  uniform  coating  of  zinc  to  ihe  metal. 

Porcelain  E vam eh ― This  is  applied  iti  two  or  more  coat- 
ings to  the  metal  after  it  has  been  thoroughly  cleaned,  by 
pickling.  The  first  coating  may  be  applied  either  in  paste 
form  or  as  a  liquid  ；  the  second  coat,  in  the  case  of  paste,  is  a 
rather  transparent  enamel,  and  gives  high  finish;  in  the 
case  of  the  liquid  first  coat,  the  second  coat  is  of  the  same 
material.  There  are  also  several  more  or  less  secret  pro- 
cesses as  regards  materials  used,  and  method  of  application  ； 
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but  in  all  cases  the  articles  treated  have  to  be  stoved.  Its 
chief  use  is  for  advertisement  plates,  surgical,  culinary,  and 
household  articles.  Its  disadvantages  are  that  it  does  not 
stand  vibration  or  ill  usage,  as  it  chips  off  readily,  otherwise 
whilst  its  surface  remains  intact  it  is  a  perfect  protection  to 
the  metal  it  covers. 

O.vidi.suuj  Process(>i, ― There  are  several  variations  of 
these,  the  idea  in  all  being  to  produce  upon  the  surface  of 
the  metal  magnetic  oxide  of  iron.  One  way  to  accomplish 
this  is  to  heat  the  object  in  a  closed  chamber,  in  the  presence 
of  a  reducing  gas,  after  which  steam  is  blown  over  the 
heated  metal. 

Portland  Cement. ― This  is  porous  to  a  certain  extent  ； 
in  thin  layers,  therefore,  it  affords  little  or  no  protection,  but 
when  used  in  such  a  way  that  iron  or  steel  is  embedded  in  a 
mass  of  it,  it  has  proved  to  be  a  very  efficient  means  of  pro- 
tection against  corrosion.  The  alkali  present  in  cement, 
while  it  is  setting,  prohibits  corrosion,  and  in  order  to  make 
cement  a  complete  protection  to  iron  and  steel  it  is  neces- 
sary that  air  and  moisture  shall  not  by  any  means  have 
access  to  the  metal,  otherwise  disastrous  consequences  may 
result,  due  to  the  expansion  of  rust  formed  between  the 
metal  and  cement. 

r<(m1nuf. -一 This  is  the  method  of  protection  against  cor- 
rosion that  has  the  most  extensive  use,  owing  to  the  fact 
that  paint  is  easy  of  application,  and  as  a  product  is  cheap  ； 
further,  it  has  the  advantage  of  being  readily  renewable  to 
structures,  where  all  other  methods  are  impossible.  Paints 
applied  to  iron  and  steel  are  engineering  materials,  and,  as 
such,  deserve  moro  study  and  consideration  by  engineers  *  tli6 
" factor  of  safety  ，，  of  iron  and  steel  takes  the  effect  of  corro- 
sion greatly  into  consideration  ；  therefore  if  more  care  be  ex- 
pended upon  the  surface  factor  might  be  lowered  somewhat 
in  certain  cases,  provided  that  sufficient  care  is  given  to  surface 
preservation.  Paint  is  not  a  destroyer  of  rust，  nor  will  it  last 
for  ever,  and  will  only  protect  iron  or  steel  so  long  as  it  remains 
an  adhesive  and  impervious  coating.  All  paint  undergoes 
alteration,  as  it  absorbs  oxygen  from  the  atmosphere.  The 
pigment  used  may  accelerate  this  absorption.  With  a  good 
paint  on  application,  the  oxygen  absorbed  is  10  per  cent,  to 
15  per  cent,  of  the  weight  of  the  oil  used  in  the  constitution 
of  that  film. 

The  properties  of  a  good  paint  are，  that  it  shall  have  no  ill 
effects  upon  the  metal  itself，  adhere  firmly,  be  easy  of  appli- 
cation, be  hard,  tough,  and  elastic,  adapting  itself  to  changes 
of  temperature,  and  form  a  smooth  and  even  surface  imper- 
vious to  air,  water,  and  gases.  Paint  should  not  remain  soft 
underneath,  and  harden  on  the  surface,  and  should  not  be 
softened  by  subsequent  coats  of  paint,  nor  should  it  flake  off, 
powder  or  blister  ；  but  gradually  wear  away  as  its  life 
comes  to  an  end.  The  duration  of  the  life  of  paint  varies  con- 
siderably. On  one  occasion  I  had  an  engine  room  bulkhead 
(.•hipped  and  scraped  for  the  purpose  of  repainting.  The  ship 
was  built  of  iron,  and  was  23  years  old  at  the  time.  The  coats 
of  paint  applied  during  service  were  readily  removed,  but  the 
paint  applied  by  her  builders  on  the  engine  room  side  of  the 
bulkhead  could  not  be  readily  removed  as  it  was  so  tough  and 
adhesive,  seeming  to  be  ingrained  to  the  metal.  The  iron  on  the 
engine  room  side  was  in  a  splendid  state  of  preservation, 
except  where  it  had  been  rusted  through  from  the  alleyways 
and  tops  of  the  bunkers  ：  certain  repairs  were  being  executed 
at  the  time  for  this  reason.  The  paint  on  the  bunker  side  of 
the  bulkhead  was  red  lead  -^in.  thick.  This  could  be  chipped 
off  in  large  flakes,  leaving  the  metal  quite  bare. 

The  value  of  paint  depends  upon  the  nature,  quality  and 
preparation  of  the  oils  used  ；  the  character  and  proper 
selection  of  the  pigment,  and  the  care  exercised  in  grinding 
and  mixing  ；  all  of  which  means  expert  knowledge,  constant 
attention,  good  machinery,  and  considerable  expense  ；  hence 
dieap  paints  are  not  to  be  relied  upon.  »A  great  deal  depends 
upon  the  manner  in  which  painting  is  done,  and  the  pre- 
paration of  the  work  before  commencement.  It  should  be 
perfectly  clean,  free  from  grease,  oiI，  or  moisture,  and  all 
scale  and  rust  should  be  removed.  The  most  efficient  method 
of  cleaning  iron  or  steel  is  by  pickling,  but  unless  all  trace  of 
acid  be  removed  after  pickling  it  might  be  a  dangerous  means 
of  inciting  corrosion  ；  it  is，  however,  not  applicable  to  large 
structures.  Sandblasting  with  dry,  and  not  too  sharp  sand, 
is  the  most  efficient  means  of  cleaning  metal  in  structural 
work  tliat  is  already  erected.    Failing  the  last  method,  all 
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scale  should  be  removed  with  scaling  hammers,  that  are  not 
so  sharp  as  bo  leave  marks  upon  the  solid  metal,  then  steel 
scrapers  and  wire  brushes  used  to  remove  all  traces  of  rust , 
until  the  metal  shows  clean.  All  oil  or  grease  should  be  re- 
moved by  turpentine  or  benzine.  Much  paiiit  ing  is  done  upnii 
metal  when  in  a  moist  condition,  and  under  such  circum- 
stances it  is  not  to  be  wondered  at  that  good  results  are  not 
obtained.  Wet  and  damp  days  should  be  avoided  ；  the  best 
results  will  be  obtained  when  the  metal  is  "  ； u  m('r  t  haii  t  he 
surrounding  atmosphere,  t'luis  avoiding  1  lie  liability  of  ''山 
densation  of  moisture  in  the  atmosphere  upon  the  metal. 
Good  stiff  brushes  should  be  used  and  tlie  paint,  well  brushed 
into  the  metal.  A  coat  of  ]>aint  should  be  well  bruslied  (川1  ， 
and  should  be  as  thin  as  possible  with  due  regard  given  to 
covering  power.  One  coat  of  paint  should  be  thoroughly  set, 
not  skinned  over,  before  another  coat  is  applied  over  it,  ollicr- 
wise  the  paint  will  soon  begin  to  crackj  The  usual  long 
handled  brushes  used  in  painting  the  hulls  of  ships  are  not 
at  all  good  from  a  painting  point  of  view,  quite  apart  from 
the  fact  that  they  are  the  means  of  wasting  much  paint  on  the 
bottom  of  the  dry  dock  ；  the  reason  being  that  the  work  is  too 
far  from  the  operator's  eye  for  him  to  see  if  the  surface  is 
properly  covered,  and  the  paint  well  worked  into  the  surface. 
All  old  paintwork  that  is  to 國 repainted  should  be  thoroughly 
washed  down  with  clean  fresh  water,  for  the  purpose  of 
removing  any  matter  that  might  be  incorporated  wit  li  the 
new  coat  of  paint,  and  act  in  a  harmful  manner  upon  it  ； 
moreover,  any  loose  paint  should  be  removed.  Within  certain 
limits  the  longer  a  paint  takes  to  set  the  greater  its  durability. 
A  good  paint,  under  normal  conditions,  will  take  eight  to  12 
hours  to  dry.  Paints  containing  highly  volatile  ingredients 
should  be  scrupulously  avoided  as  finishing  coats,  because  the 
film  will  become  porous  on  drying. 

Too  great  importance  cannot  be  attached  to  the  fineness 
to  which  a  pigment  is  ground  ；  also  to  its  thorough  amalga- 
mation with  the  medium  with  which  it  is  mixed,  in  order  to 
form  a  homogeneous  mass,  so  that  every  particle  may  be 
impregnated  with  the  medium  ；  if  this  is  not  the  case,  the 
particles  will  absorb  moisture  and  transfer  it  to  the  body  on 
which  tlie  paint  is  applied.  The'  medium  in  which  a  pigment 
is  ground  and  mixed  is  of  primary  importance,  as  it  is  upon 
it  the  life  of  a  paint  mainly  depends.  The  pigment  is  to  give 
body  to  the  paint,  and  it  is  advisable  that  it  should  be  such, 
that  of  itself  it  should  have  no  deleterious  effect  upon  the 
metal,  or  to  the  medium  with  which  it  is  mixed.  Another 
important  feature  of  a  pigment  is  to  protect  the  medium  with 
which  it  is  mixed  from  the  action  of  the  sun's  rays  where  it 
is  exposed  to  their  influence,  a  paint  in  this  respect  is  nearly 
always  more  durable  than  the  medium  of  itself  would  be.  Tar 
is  not  satisfactory  either  of  itself  or  as  a  medium  for  the  pro- 
tection of  iron  or  steel.  It  cracks  badly  under  the  action  of 
the  sun,  and  contains  ingredients  which  hasten  rusting.  If 
these  ingredients  are  removed,  a  material  may  be  obtained 
which  is  fairly  satisfactory  for  coating  iron  or  steel  not  ex- 
posed to  sunshine  and  air  ；  such  as  for  water  pipes,  &c.，  under- 
ground. Asphaltum  is  a  natural  bituminous  material  from 
which  bituminous  compositions  and  paints  should  be  made, 
which  will  give  good  results  used  in  enclosed  spaces,  where 
extremes  of  temperature  do  not  exist,  and  the  material  is  not 
exposed  to  sunshine  and  atmospheric  influences. 

Of  paint  mediums,  linseed  oil  is  the  most  widely  known 
and  extensively  used.  It  belongs  to  the  class  known  as  drying 
oils,  that  are  able  to  dry  without  the  addition  of  driers, 
though  this  is  seldom  allowed  to  occur  naturally,  driers  being 
added.  There  is  a  great  deal  of  difference  between  the  drying 
properties  of  various  samples,  and  the  endurance  of  a  film  of 
dried  oil.  This  oil  is  now  brought  from  many  parts  of  the 
world  and  there  is  an  ever  increasing  demand  for  its  supplv, 
which  renders  it  more  difficult  to  procure  stored  and  matured 
oil.  A  good  quality  cold  pressed  oil  may  contain  5  per  cent, 
of  water,  a  hot  pressed  10  per  cent.,  and  oil  may  be  made  to 
take  up  20  per  cent,  of  water  by  mechanical  means.  The  ('()m - 
plete  elimination  of  all  water  and  aluminous  matter  from  oil 
is  an  essential  feature  in  the  preparation  of  paint  suitable  for 
ironwork.  China  wood  oil  has  been  used  by  the  Chinese  for 
centuries  on  their  junks  with  splendid  results  in  endurance  ； 
it  is  now  used  by  many  makers  of  ready-mixed  paints,  in  con- 
junction with  other  oils,  it  causes  paint  to  dry  hard,  and  work 
well.  It  cannot  be  employed  by  painters  who  mix  their  own 
paints,  as  the  treatment  is  not  simply  mixing,   but    a  com- 


plicated process.  Soya  bean  oil  is  derived  i'roni  a  particular 
class  of  bean  extensively  grown  in  Manchuria  ；  it  is  some- 
times used  in  the  manufacture  of  flat  paints,  or  may  be  com- 
pounded with  other  oils  for  certain  other  classes  of  paint.  M'-n 
haden  oil  is  obtainod  fro 川 tlie  menhaden  ftsh,  wliich  is  found 
on  the  Nort  h  Pacific  Coast,  o(  America  ；  pro]x*rl  v  t  r*>atcd  it 
is  a  useful  oil  in  the  preparation  of  heat-resisting  paints. 

Corn  oil  may  be  used  in  the  preparation  of  paste  paints 
in  conjunction  witli  linseed  oil,  it  enables  the  paint  to  rernain 
soft  for  a  considerable  period.  A  varnish  made  from  china 
wood  oil,  or  linseed,  or  both,  in  conjunction  with  hard  gurn 
resins,  constitutes  an  ideal  mediurri  for  ships'  paints.  The 
introduction  of  gum  resins  is  by  no  means  a  new  idea,  \\n\  \\\'/ 
been  used  at  as  early  a  date  as  1600  a.d.  to  form  a  protective 
coating  to  armour.  The  gum  resins  used  are  natural  exu- 
dations from  trees,  and  are  endowed  with  various  properties 
according  to  the  source  from  which  they  are  derived.  They 
come  from  many  countries,  East  Africa,  Brazil,  New  ZealanrJ, 
&c.  Having  been  buried  in  the  grounds  for  thousands  of  years, 
when  dug  up  they  are  in  a  fossilised  condition,  and  constitute 
some  of  the  most  permanent  organic  materials.  The  manu- 
facture of  varnish  is  an  art  which  is  the  outcome  of  years  of 
experience.  Respecting  pigments,  there  are  but  few  that 
cannot  be  mentioned  as  being  of  themselves  bad,  in  connection 
with  some  particular  purpose  ；  but  combinations,  in  certain 
proportions,  can,  as  a  rule  be  made  suitable  to  meet  most 
cases.  In  order  to  illustrate  the  nature  of  some  paints  found 
to  be  best  adapted  for  certain  specified  conditions,  two 
different  examples  of  ingredients  contained  are  given  as 
follows :  (1)  Zinc  chroniate,  red  lead,  willow  charcoal,  as- 
bestine, china  clay,  boiled  linseed  oil,  raw  linseed  oil,  china 
wood  oil,  varnish,  turpentine,  driers.  (2)  Zinc  chromate,  white 
lead,  zinc  oxide,  willow  charcoal,  silica,  boiled  linseed  oil, 
china  wood  oil,  turpentine,  driers. 

Satisfactory  paints  can  be  compounded  particularly  appli- 
cable to  each  of  the  following  conditions :  (1)  Funnel  paints 
to  withstand  heat  and  retain  colour  iu  sea  air.  (2)  Radiator 
paints  in  all  colours  to  stand  steam  heat  without  blistering  or 
chipping.  (3)  White  enamels  for  all  interior  aud  exterior 
first-class  work,  either  flat  or  glossy,  and  capable  of  with- 
standing sea  air  for  lengthy  periods.  (4)  Cork  insulating  paint 
upon  which  cork  dust  is  applied,  then  varnished  or  painted. 
This  prevents  condensation  by  the  retention  of  heat.  (5)  Re- 
frigerator paints  that  will  withstand  hoar  frost,  <fec.  (6)  Auii- 
fouling  paints  containing  materials  which  arrest  the  growth  of 
seaweed,  molluscs,  &c.  (7)  Fillers  and  rivet  compositions 
for  levelling  up  surfaces,  which  may  be  applied  by  knife  or 
brush. 

The  constitution  of  all  paints  should  be  in  accordance  with 
the  nature  of  the  work  that  they  have  to  perform,  and  should 
be  compounded  to  give  the  best  results  obtainable  under  those 
conditions;  therefore  it  behoves  the  engineer  to  give  close 
study  to  these  matters,  and  superintend  the  mixing  of  the  best 
materials  he  can  obtain  for  the  purpose,  or  to  put  himself 
into  the  hands  of  a  reputable  firm  of  manufacturers,  adxasiug 
that  firm  of  the  exact  purpose  for  which  the  material  is  to  be 
used,  when  he  should  obtain  an  even  better  result  if  only  due 
to  the  more  intimate  mixing  and  grinding  of  the  material. 

In  conclusion,  all  structures  should  be  composed  of  the 
same  metal  as  far  as  other  considerations  will  allow  ；  surfaces 
should  be  even  and  free  from  depressions,  cracks,  and  crevices 
wherein  water  can  lodge  ；  pockets  that  allow  of  the  collection 
of  water  should  be  avoided  ；  all  members  should  have  free  air 
circulation  about  them  ；  provision  should  be  made,  whei'e 
necessary,  for  the  drainage  of  water  ；  joints,  rivet  heads,  bolts, 
and  nuts  should  be  given  special  attention  to  ensure  exclusion 
of  water,  and  all  parts  that  are  not  easily  visible  should  have 
careful  inspection.  When  painting  has  to  be  done  it  is  advis- 
able that  each  coat  should  be  of  a  different  shade  in  order  to 
facilitate  inspection  and  to  check  the  number  of  coats  used. 
Above  all,  before  a  protective  coating  is  applied  the  metal 
must  be  clean  and  dry,  then  a  good  material  used,  and  the 
work  must  be  properly  carried  out. 

Cobalt  Tool  Steel.— The  Patent  Office  at  Berlin  has,  stai,  、 
" The  Ironmonger,"  granted  the  full  patent,  Without  restric- 
tions, for  the  manufacture  of  Cobalt  tool  steel,  to  the  Becker 
Steelwerke,  of  Willisli,  Germany.  The  application  was 
opposed  by  tlw  leading  tool  steelmakers  of  the  Continent, 
but,  their  objections  were  overruled  by  the  authorities. 
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GtARINO  FOR  STEAM  TURBINES. 

An  arrangenient  of  toothed  gearing  for  steam  turbines  of  the 
double  rotation  type,  having  two  shafts  disposed  in  the  same 
axial  line,  and  which  have  a  high  speed  of  rotation  and  are 
adapted  to  drive  propellers,  is  shown  in  the  accompanying 
sectional  views.  A  indicates  the  turbine,  which  is  of  the 
double  restating  type,  so  that  the  two  shafts  B  and  C  rotate 
in  opposite  directions.  On  these  shafts  toothed  wheels  D  E 
a  re  mounted,  which  gear  with  the  larger  toothed  wheels  F  G 
mounted  on  a  common  shaft  H,  the  wheel  D  gearing  directly 


Geartng  for  Steam  Tukbin];s. 

with  F,  while  wheel  E  is  connected  with  larger  wheel  G  by 
means  of  the  intermediate  wheel  J.  The  wheels  F  G  will  thus 
rotate  in  the  same  direction  and  at  the  same  speed.  Between 
the  wheels  F  G  smaller  toothed  wheels  K  L  are  mounted,  the 
\v1m  '1、  K  I,  engaging  the  large  or  most  slowly  rotating  toothed 
wheel  N,  mounted  on  the  propeller  shaft  M.  The  wheel  N 
is  placed  between  the  wheels  F  G，  which  arrangement,  to- 
gether \yith  the  fact  that  the  other  wheels  are  arranged  as 
symmetrically  as  possible,  causes  a  concentrated  and  stable 
form  of  the  whole  gearing  device.  Between  the  shafts  B  C 
on  the  one  hand,  and  the  shaft  M  on  the  other  band,  the 
number  of  toothed  wheels  will  be  odd  on  the  one  side  and 
even  on  the  other  side.  The  arrangement  is  the  invention  of 
Aktiebolaget  Ljungstroms  Angturbin,  of  Lil jeholmen. 


OIL  AS  FUEL 

At  a  meeting  of*  tlie  Institution  of  Engineers  and  Ship- 
builders in  Scotland)  held  in  Glasgow  on  the  2 她 inst"  a, 
paper  was  read  on  "  Oil  Fuels  and  their  Application  to  the 
(； riicratiun  of  Power,"  by  Prof.  Thomas  Gray,  D.Sc"  l)li.D.， 
and  Prof.  A.  L.  Mellanby,  D.Sc.  The  rapid  extension  of  tlie 
use  of  oil  fuel  during  recent  years  was,  they  pointed  out, 
due  initially  to  the  accumulation  of  large  stocks  of  petio- 
Icum,  available  at  low  prices,  but  the  present  widespread 
cIcuihikI  was  attributable  largely  to  a  more  general  recogni- 
tion of  the  greater  convenience  and  efficiency  of  oil  as  com- 
pared with  coal,  and  also  to  the  development  of  the  Diesel 
<Migine.  The  bulk  of  the  petroleum  employed  at  present  for 
the  generation  of  power  was  l)urncd  under  stear)i  boilers. 
Distilled  oils  from  petroleum  and  tar  and  some  crude  oils 
lt;ul  been  extensively  used  in  Diesel  motors,  but  much  work 
r('m;im("l  to  bt、  done  before  it  could  be  asserted  definitely 
tliat'  llwit  t vpc  of  engine  was  capable  of  dealing  sucreWull)' 
with  Uie  many  varieties  of  j)ctroleuin  wliich  occurred 
naturally. 

The  evaporative  efficiency  of  oil,  if  atomised  thoroughly 


in  a  well-designed  burner,  was  approximately  50  per  cent, 
greater  than  that  resulting  from  an  equal  weight  of  good 
steam  coal.  That  did  not,  however,  represent  the  relative 
values  of  oil  and  coal  as  fuels  in  actual  practice.  The  de- 
creased labour  charges  and  other  advantages  of  firing  with  oil 
must  also  be  taken  into  account.  Regarded  solely  from  the 
standpoint  of  fuel  efficiency  the  oil  engine  was  admittedly 
tar  superior  to  the  combination  of  boiler  and  steam  engine, 
but  the  question  of  the  relative  costs  of  generating  power 
by  the  two  systems  depended  also  on  other  factors,  and  could 
only  be  answered  when  the  conditions  under  which  the  plant 
operated  were  specified.  The  initial  cost  of  a  Diesel  instal- 
lation was  considerably  greater  than  that  of  a  steam  engine 
and  boiler,  and  the  higher  interest  and  depreciation  charges 
might  more  than  counterbalance  the  saving  in  fuel  costs.  In 
localities  where  the  cost  of  fuel  was  liigli,  and  the  engine 
、\  ;is  running  ('oiitiuuously,  the  fuel  charge  represented  a  large 
it(Mii  in  the  total  cost,  and  the  advantage  lay  with  the  Diesel 
installation.  If,  (》ii  the  other  hand,  fuel  was  cheap  and  the 
load  factor  low,  the  fuel  costs  were  relatively  small,  and 
the  conditions  were  unfavourable  to  the  operation  of  the  oil 
engine.  The  relative  prices  of  oil  and  coal  were  obviously  an 
important  factor  in  the  comparison  of  costs. 

The  total  world's  production  of  liquid  fuels  of  all  kinds 
amounted  to  less  than  55,000,000  tons,  and  represented  only 
about  5  per  cent,  of  the  world's  coal  production,  and  the 
widely-quoted  prediction  that  oil  was  the  fuel  of  the  future 
had  therefore  very  little  prospect  of  fulfilment.  It  was  true 
that  the  oil-bearing  regions  of  the  world  had  as  yet  been 
imperfectly  explored,  but  the  older  fields  in  the  Eastern 
States  of  America,  and  in  Baku,  which  supplied  the  bulk  of 
the  world's  production  of  oil  for  generations,  showed  unmis- 
takable signs  of  exhaustion  =  So  far  as  present  information 
went  there  was  no  justification  for  the  belief  that  the  pre- 
doniinant  position  occupied  by  coal  as  a  source  of  power 
and  heat  would  ever  be  seriously  threatened  by  oil  fuel. 

The  position  in  Great  Britain,  remote  from  the  principal 
oilfields  of  the  world,  with  plentiful  supplies  of  coal  in  the 
neighbourhood  of  the  large  industrial  centres,  was  particu- 
larly unfavourable  to  the  extension  of  the  use  of  oil  fuel.  We 
depended  for  our  liquid  fuel  largely  on  the  surplus  produc- 
tion of  other  countries,  and  recent  developments  pointed  to 
the  disappearance  of  this  surplus  in  the  principal  oil- 
producing  countries  in  the  near  'future.  For  an  assured 
supply  of  liquid  fuel  in  this  country  we  must  depend  on  the 
development  of  the  .shale  oil  industry,  and  the  distillation  of 
coal  at  low  temperatures. 


Birmingham  Foundrymcn's  Association. ―  At  a  recent,  meeting 
of  this  association  Mr.  S.  G.  Smith  read  a  paper  on  "  Loam 
Moulding. By  this  process,  he  said,  castings  could  be  made 
up  to  10ft.  diam.  in  one  piece,  and  varied  in  length  and 
thickness,  being  often  strengthened  internally  with  additional 
flanges.  The  loam  moulder's  daily  routine  was  with  spindles, 
plates,  bricks,  straight  edges,  square  stricking  boards, 
strickles,  &c.  The  sand  moulder's  concern  was  with  various 
kinds  of  patterns,  boxes,  &c.  In  loam  casting  the  preparation 
of  the  tackle  to  be  used  was  most  important.  Mr.  Smith 
pointed  out  the  care  necessary  to  provide  for  adequate  brick- 
ing, and  cautioned  his  audience  against  a  too  '*  sloppy  ，，  or  too 
st  ill'  consistency  of  loam,  or  of  "  blacking "  the  moulds 
wlu-n  hot. 

Institution  of  Naval  Architects. —  The  annual  niet'tiiigs  of  this 
institution  will  take  place  on  Wednesday,  April  1st,  and  the 
two  following  days,  in  the  hall  of  tlie  Royal  Society  of  Arts, 
John  Street,  Adelphi,  W.C.  (bv  kind  permission  of  ilio 
CV.uiicil).  The  Most  Hon.  the  Marquis  of  Bristol, 
president,  will  occupy  the  chair.  The  annual  dinner  will 
(riven  on  Wednesday,  April  1st,  at  7-30  p.m.,  in  the  Gr;uid 
Hall,  C'onnau^lit  li()(mis，  Great  Queen  Street,  Kingsway, 
W.C.  Tlie  Coimcil  will  be  willing  to  present  a  gold  medal 
to  any  person  not  being  a  member  or  associate  member  of 
('"ui":il  wlio  shall  at  tlie  fortlicoming  meetings  road  a  paper 
wlucli,  in  ilio  judgment  of  the  Couuril,  shall  be  decni  Ml  to  1"、 
()f  exceptional  merit.  Tiie  ('oum'il  will  also  bo  willing  to 
prt'sci"  a  prtMnium  of  books  or  iust ruiiionts  to  tlu、  r(、;i 山' r  ot、 
ally  paper,  not  Ix'ing  a  inember  or  associate  i"('ml)er  of 
(、川 m'll,  which  paper  yhall  in  the  judgnient  of  the  Council 
inerit  this  distinction. 
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THE  MEASUREMENT  OF  STRESSES  IN  MATERIALS  AND 
STRUCTURES, 

BY  PROF.  E.  G.  COKER,  M.A.,  O.SC. 

(Coni'mued  from  page  SG.) 

A  considkuable  amount  of  investigation  has  been  carried 
out  by  Messrs.  Wilson  and  Gore  with  models  made  of  india- 
rubber,  and  a  simple  example  of  stress  cletenninat ions  of  (liis 
kind  relates  to  the  effects  of  groups  of  rivets  in  plates  sub- 
jected to  tension.  In  these  experiments  a  plate  of  rubber  is 
laid  upon  a  table  with  a  plate^glass  top,  ther©  being  a  nurnl>er 
of  steel  balls  between  the  model  and  the  glass  to  avoid 
frictional  resistance.  The'  model  is  marked  off  with  circles  of 
suitable  diameters,  and  these  latter  are  photographed  before 
and  after  loading,  and  ilie  negatives  so  obtained  are  then 
placed  on  the  table,  and  the  directions  and  magnitudes  of  the 
strains   are    measured    with    a    very   accurate  micrometer. 


Fig.  1-2. 


Fig.  13. 


Having  obtained  the  strains  from  measurements  of  corre- 
sponding parts  of  the  two  photographic  plates,  t'lie  principal 
stresses  p  and  q  are  computed  by  equations  I.  and  II.,  which , 
together  with  the  measured  directions,  give  an  experimental 
solution.  An  example  of  the  stress  distribution  obtained  is 
shown  in  Fig.  12，  in  which  a  tension  ra ember  lias  two  trans- 
verse lines  of  holes  filled  with  iudia-rubber  plugs  to  represent 
rivets.  A  considerable  alteration  occurs,  in  tlie  distribution  of 
stress  in  tlie  plate  owing  to  these*  discontinuities,  and  is 
especially  marked  along  the  lines  of  the1  cross-sections  passing 
through  the  rivets.  Great  increases  in  the  tension  stress  p 
occur  close  to  the  edges  of  the  holes,  and  a  transverse  com- 
pression stress  q  is  also  caused  by  the  resistance  of  the  rivet  to 
compression  ；  stress  distribution  around  eacli  rivet  is，  in  fact, 
very  complicated .  Some  of  the  most  important  modern 
researches  on  stress  distribution  in  structures)  have  been 
accomplished  by  measuring  tlie  strains  in  models  composed  of 
materials  which  give  largo  deformations  with  moderate  loads, 
and  in  this  country  great  attention  has  been  paid  to  the  stress 
distribution  in  masonry  dams  as  a  result  of  the  theoretical 
and  experimental  researches  of  Prof.  Karl  Pearson  and  his 
associates. 

The  fundamental  oo'nception  of  the'  ordinary  theory  of 
stress  distribution  in  a  masonry  dam  is  based  on  tlie  assump- 
tion that  the  distribution  of  normal  stress  across  horizontal 
sections  is  linear  ；  and  if  this  be  so,  it  is  not  difficult  to  sliow 
that  tlie  shear  stress  along  the  same  section  must  be  distri- 
buted according  to  a  parabolic  law.  Such  a  theory  neglects 
m any  of  the  most  important  stresses  which  have  an  important 
bearing  on  the  stability  of  a  dam  ；  and  measurements  by 
Atclierley  and  Pearson  of  the  strains  in  models  demonstrated 
the  existence  of  stresses  of  which  no  account  had  been  pre- 
viously taken,  such  as  the  considerable  t-ensional  stresses  which 
exist  at  the  angle  between  the  vertical  and  horizontal  wat^r 
faces,  and  also  at  the  tail  of  the  dam  and  in  the  substratum 
under  tlie  tail.  It  is  a  matter  of  importance  to  note  that  in 
this  type  of  structure  the  weight  of  the  dam  itself  produces 
stresses  of  the  same  order  of  magnitude  as  the  water  ]>ressure 
on  the  face,  and  hence  the  material  of  a  model  must  be  such 
that  both  the  weight  and  the  applied  load  can  be  adjusted  to 

*  Cantor  lectures  tlelivered  before  the  Royal  Society  of  Arts,  December,  1913， 
and  reproduced  from  the  Journal  of  the  Society. 


the  |>roportions  in  wliich  they  occur  in  practice,  and  yet  be  of 
such  inagnitude  that  the  strains  from  eacli  are  measurable. 
After  repeated  trials  a  heavy  elastic  material  was  obtained, 
made  of  gelatine,  glycerine,  and  colouring  matter,  which  ful- 
filled these  requirements,  and  models  of  the  cross-sections  of 
such  well-known  structures  as  the  Assouan  Dam  and  that  at 
Vyrnwy  were  fonstructeil,  and  the  (listribution  of  strain 
investigated,  especially  the  shear  strains,  which  were  measured 
by  aid  of  a  goniometer  constructed  to  measure  the  small 
changes  of  angles  of  squares  ruled  on  the  cross-section.  Somk- 
of  tlie  measurements  are  given  in  Fig.  13,  which  shows  a 
section  of  a  model  of  the  Assouan  Darn  with  tlie  curves  of 
shear  strain  plotted  at  a  few  of  the  horizontal  sections  ；  and 
it  is  evident  that  the  distribution  of  shear  stress  is  not  even 
approximately  parabolic,  as  the  ordinary  theory  indicates. 

Tlie  stress  distribution  in  model  dams  made  of  india-rubber 
lias  also  been  the  subject  of  experiments  by  Messrs.  Wilson 
and  Gore  ；  and  as  india-rubber  is  not  sufficiently  heavy  to 
give  measurable  strains  due  to  its  own  weight,  it  was  found 
necessary  to  apply  loads  to  every  part  of  the  model,  and  so 
obtain  virtually  an  artificial  increase  in  the  density  to  give 
the  correct  relation  between  the  applied  loads  representing 
water  pressures  and  the  weight  of  the  model  itself.  Each 
element  of  the  section  was  therefore  perforated  to  receive  a 
spindle,  from  which  weights  of  the  necessary  amount  were 
suspended,  and  tlie  action  of  the  water  pressure  was  imitated 
by  loads  directly  applied  to  the  water  faces.  The  directions 
and  magnitudes  of  the  principal  st rains  were  determined  from 
the  changes  produced  in  circles  marked  on  the  cross-section, 
whicli  latter  was  photograplied  before  and  after  loading,  and 
the  stress  distribution  inferred  from  measurements  of  the 
changes  in  tlie  shapes  of  these  circles  of  reference. 

The  methods  adopted  in  tins  group  of  researches  on  a  single 
problem  of  great  practical  importance  are  thus  seen  to  be 
widely  different,  both  as  regards  the  way  in  whicli  loads  are 
applied  and  strains  are  measured  ；  but,  in  spite  of  this,  there 
is  a  very  substantial  agreement  in  the  main  conclusions  as  to 
tlie  stresses  which  are  experienced  iu  these  structures,  and  the 
investigations  are  notable  exam  pies  of  t  he  great  value  of  strain 
measurements  where  methods  of  calculation  are  known  to  be 
inadequate  and  fail  to  give  accurate  information.  Tlio 
literature  of  this  branch  of  science  provides  numerous  other 
examples  of  technical  interest  which  miglit  be  suitably  referred 
to  here,  but  those  cited  are  probably  sufficient  to  show  the 
great  scope  of  this  kind  of  exj>erimental  work  for  cleternniiiiip 
the  stress  distribution  in  proposed  structures  or  in  those 
already  constructed. 

The  methods  of  strain  measurement  liave  now  been  examined 
at  some  length,  and  we  have  seen  how  difficult  it  is  to  approxi- 


拟: 《、\\\\\\\\\\\\\、 《乂、 ： 
Fig.  14. 

mate  to  the  ideal  of  measurement  the  stress  at  a  point'.  The 
cliange  of  a  form  of  a  body  under  stress  is  oue  only  of  the 
properties  useful  for  the  determination  of  stress  distribution, 
another  is  the  thermal  change  accompanying  applications  of 
load  to  which  attention  was  first  drawn  by  Weber.  It  is  well 
known  that  some  materials  wlien  tested  to  destruction  show  a 
considerable  rise  of  temperature  at  the  section  of  fracture,  but 
Weber  found  that,  within  the  elastic  limit,  a  slight  cooling 
takes  place  when  a  pull  is  exerted.  His  experiments  and  cal- 
culations demonstrated  that  the  change  in  temperature  is 
]M*oportional  to  the  applied  stress,  and  also  to  tlie  coefficient 
of  expansion  of  the  material.  Beyond  the  elastic  limit  of  a 
metal  a  rise  of  temperature  of  relatively  large  magnitude 
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por  stjiiuL'c  iucli  to  produce  an   ； ilitTation   uf  nnc 

iju;i  rt(»r  oi"  a.  degree  on  \  lie  Ct、iit  i"rr;id('  sralc,  a   decrease'  for 

tension  and  an  increase  for  compression,  provided  the  I ； i w 


Table  IV. 


Tension  or 
Compression  Stress 
in  lbs.  per  sq.  in. 

Temperature  (Centigrade). 

Tension. 

Compression. 

0 

20- 0 

20-0 

5,000 

19-94 

20-00 

10,000 

19-88 

20-12 

15,000 

19-82 

20-18 

20,000 

19-7(» 

20-24 

holds  for  such  great  intensities.  Elastic  failure  is  accompanied 
by  a  considerable  rise  in  temperature  altogether  masking  the 
effects  described  above. 

In  considering  the  application  of  thermal  effect  to  t  lie 
practical  testing  of  materials,  it  is  important  to  note  that  the 
change  of  temperature  is  inversely  proportional  to  the  specific 
heat  of  the  material,  and  this  may  vary  under  stress.  There 
appears  to  be  no  direct  experimental  evidence  an  this  point, 
but  it  seems  very  unlikely  that  any  appreciable  change  can 
lake  place.  Theory  also  shows  that  the  coefficient  of  ex- 
pansion is  a  factor  in  determining  the  change  of  temperature, 
and  equation  III.  shows  that  if  a  material  behaves  abnor- 
mally, and  contracts  with  a  rise  of  temperature,  the  thermal 
effects  are  then  reversed.  India-rubber,  as  is  well  known, 
jinssrsses  i  liis  curious  )H'(>i>crt-y,  and  iho  licatiu^  ('flVrt'  pro- 
iIuomI  wlirn  ii-  is  suddenly  si-rctchod  is  distinctly  pt、r(:q" il>le. 

As  t  he  coofficirnl  of  expansion  is  a  factor  of  v([\i;i[  ion  111., 
it  is  important  to  know  if  any  variation  is  produced  by  stress. 


Time  >n  Minutes 
FIG.  10. 

secured  in  suitable^  lu>】ders，  while  its  temperature  is  main- 
tained at  any  desired  point  by  circulating  hot  liquid  through 
the  interior  of  the  tube.  The  liquid  is  heated  in  a  vessel,  M， 
provided  with  a  motor-driven  centrifugal  pump,  K，  for  cir- 
culating the  liquid  through  the  tube  under  test.  The  ex- 
pansion is  determined  by  a  delicate  extensoineter,  and  some  of 
(he  ntcasurenuMits  for  a  steel  tube  are  shown  in  Fig.  15.  It 
will  be  observed  that  the  load  has  very  little  effect,  and  indeod 
the  following  extensions  (Table  V.)，  obtained  on  a  length  of 


Table  V. 


Mild  Steel  TuIk'. 
'I'cmprraturc  range 
70°  Fah.-170°  Fah. 

Within 
tlic  Ela.stic  Limit . 

Permanent 
Stretch. 

Stress  in  lbs.  per  sq.  in. 
Ex  tens  ic  tns     in     liund  m  l- 
thousaiKlths  of  an  iiu  li 

L490 

508  . 

486 

29,850 
500 

{in. 
37，  160 

484 

ivn  inches,  show  t  liai  even  st  resses  causing  considerable  [>cr- 
ni;i iicnt  strelclics  in  the  material  produce  little  effet't  upon  i  I n * 
tliennal  expansion  of  the  metal.  A  brass  tube  tested  in  the 
same  manner  gave  greater  variations  beyond  the  yield  point, 


Fig.  17. 


as  appears  I'rom  Table  VI. ，  but  the  i 
t'lnslic  limit'  of  the  material  show  tlu 
takes  place. 

Table  VI. 

it 

astir* 
no  a 

―、 mc，i" 
ppreci 

wii  Ii 
able  c 

ii  t he 
liangc 

Brass  Tube. 
' 1， '— '  i  n  })ci'Ji  1 1 1  if  r;i  n  "f  ( • 
70°  Fah.- 170°  Fah. 

Kin 

'ithin  1  lie 
Limit. 

( )\'(.ts train. 

SlrcN.s  in  ll.»s.  p'、r  sq.  in. . . 
Extensions     in  ImiKlrcd- 
1  h«Mis;iii<l(hs  i)[  an  iiR'li 

！) .1.00 

852 

85G 

858 

878 

sin. 
S82 

iin. 
912 

occurs  in  ductile  metals  with  all  kinds  of  stresses.  Ihe 
t  lionnal  cliaiiges  produced  witliin  the  elastic  limit  were  more 
t'ullv  investigated  later  by  Sir  William  Thomson,  who  deduced 
tlu 、  乂 ('i"'ral  equations  of  t hernio-elasticity  from  the  principles 
of  tliermo-dynanucs,  and  showed  that  the  thermal  effect  for 
small  stresses  is  strictly  proportional  to  the  stress  intensity- 
The  various  factors  which  influence  the  change  may  be  illus- 
trated by  the  simple  case  of  a  tensional  stress  in  which  the 
change  of  temperature  A  t  for  a  small  change  of  stress  A  p  is 
expressed  by  the  formula  ： ― 

j^/〜，  （IIL) 

w I lo re  "  is  tl"、  （'（"、fr，ri(、nt  of  expansion  of  the  material . 
,v  t  he  t>})eoiric'  heat'  at'  constant  pressure, 

/'  t  lie  d(Misit  v  of  Ui(、  materia],  and  ihe  mitms  sign  iiulicatcs 
a  ilirniiiution  of  t cm pcrat un\ 

In  order  to  show  the'  magnitiult1  of  t he  elTect  pruthu'ed  l>v 
iliJl'crcut  intensities  of  stress,  we  may  take  the  case  of  a  steel 
bar  of  density  7.5，  and  having  a  specific  heat  of  O'll  at  20°  C, 
a  being  1*2  x  1 0~'\    This  gives:  — 

A^=  --000012  Ap 

approximately,  from  which  the  changes  in  temperature  pro- 
duced by  different  amounts  of  stress  can  be  readily  calculated, 
as  Table  IV.  shows,  and  we  find  that'  it  required  a  stress  of 

/leading 


This  has  been  examined  experimentally  for  metal  tubes  sub- 
jected to  stresses  over  a  range  extending  beyond  the  elastic 
limit  of  the  material,  the  required  temperature  being  obtained 
by  hot  water  circulating  through  them.  The  general  arrange- 
ment of  the  apparatus  for  examining  the  effects  of  stress  xi])on 
tlie  expansion  is  sliown  by  Fig.  14，  in  which  a  testing  machine 
A,  of  the  single-lever  type,  is  use!  to  stress  a  metal  tube,  E， 
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Fig.  18. 

； I  Itisiniiilt-aiil  iniony  t liennopi \c  pressed  against  1 1 1 e  yurfaco 
the  lest  bar,  and  in  circuit  with  a  delicate  galvanometer.  As 
an  example  of  a  test  carried  out  in  this  manner  we  may  take 
the  case  of  a  steel  tension  member  subjected  to  a  gradually 
increasing  load,  in  which  the  rate  of  loading  with  time  is 
preferably  arranged  to  be  as  uniform  as  possible,  since,  as 
will  appear,  a  correction  must  be  applied  to  the  readings  of 
the  galvanometer 3  which  depends  upon  this  time  factor.  An 
experiment  arranged  in  this  manner  gave  the  following  gal- 
vanometer deflections  (Table  VII.)  to  an  arbitrary  scale,  and 
these  are  plotted  on  a  time'  base  iu  Fig.  1(3，  from  which  latter 
it  seems  ； is  if  tlierr  is  "(、  lincji r  I'elation  het'wee"  tlie  slx'ess 
and  tho  1 1icrnial  chan^r.  Tlu，  <'X|>orimeni(  also'  shows  1  liat- 
while  (lie  load  is  nuiintained  at  m.  coitslani  ainoimi  of 
16,0001bs.,  the  galvaii(.)nieler  leadings  grow  less  ainl  less  as 
the  time  increases,  because  the  bar  tends  to  resume  its  state 
of  thermal  equilibrium  willi  surrounding  bodies.  The  read- 
ings there  required  correction  by  some  function,  which,  it  is 
easy  to  see,  must  depend  on  the  time  during  winch  the  equili- 
brating forces  act,  and  also  on  their  effectiveness." 


Table  VII. 一 Steel  Tension  Spccim en  2*00  bij  0'375""、'. 
in  Cross  Section. 


Total  Load. 

Time. 

Galvanoiiiclcr 

Corrected 

Lbs. 

Seconds. 

Kt'adiii"'. 

Rcatlin^. 

500 

0 

0 

0 

■l,0(H) 

45 

2-8 

2-97 

s 肩 

100 

0-8 

12,000 

IliO 

10- ：{ 

I2!S() 

lli.l"  Ml 

220 

1：!- 1 

17-08 

Ki.O(M) 

247 

12, 'J 

lli.dOO 

3(i2 

9-2 

i:$-.so 

16,000 

555 

■V  1 

9-54 

If  we  assume  that,  for  Uu-sr  small  differences  oi'  tempera- 
ture, the  tliernial  effect  of  sun'oimcling  objects  upon  the  bar 
is  proportional  to  the  first  power  of  the  temperature  cliffc rem  e, 
it  can  be  easily  shown*  that  the  observed  reading  Dt  at  any 
time  t  must  be  corrected  by  adding  thereto  a  quantity  J  r/D,, 
where  r  is  n  coeftirieiii  obtained  from  the  vurve  of  ol>s(u-v;ii  ions 
in  Fig.  1G  ami  /  is  tlir  lime  from  the  muut"，"、nR""  ct  I  lie 
loading.    In  the  present  example  r 二 '0(—、：]6,  and  ilie  reaJings 

*  On  the  "  ArriisuremouL  ol'  Strt-ss  1>>  Tlu-iuial  Mftliud^,"'  by  E.  G.  Colicr. 
"Transactions.*1  lt.S.E.  Vol.  XLI.  1904. 


rorreci-ed  for  the  radiatioii  and  coixluclioii  rIVcci s  ； uv  i、，'ii 
in  Table  VII.  and  arc  also  plol  I c<j  in  Fi^.  I  (>.  Tin*  rc-iill  s 
now  hIiow  that  t-lic  change  of  tcm|)(?rature  boars  an  a|»)no.\i- 
inaioly  linear  rolal  ion  1(»  t  lie  load  a|>plic<l  I o  t  Ik»  specimen . 
It'  a  bar  is  subje<*ted  to  u  t.eiisional  test  \vlii<-li  ^raduallv 
increases  up  to  the  yield  point  of  the  material,  both  the 
strain  and  the  thermal  eftect  give  a  linear  relation  to  the 
stress  up  to  the  elastic  limit,  but  beyond  this  they  both 
diverge  from  a  linear  law,  although  in  different  ways ― the 
strains  increase  very  much,  but  the  thermal  effect  is  rapidly 
reversed  and  a  comparatively  great  rise  of  temperature  is 
indicated.  This  latter  phenomenon  may,  in  fact,  be  utilised 
to  determine  the  elastic  failure. 

The  general  type  of  result's  obtained  m;'、'  I"'  illusi \;\\vA 
by  a  tension  f'esf  (川 ;i  steel  bar  in  wliidi  oxi cnsonirl *t  ，f';"li'，gs 
arc  1  ； iken,  in  ； xldil  ion  i  u  1  \\v  I  licrtno|>ile  indiral  ions.  The 
observed  and  corrcclod  "'alva'mmH  it  readings  arc  slinwn  in 
Fig.  17  to  tho  same  scale  of  loads  and  lo  difTrrrnt  li''ri/,',iil ;•  I 


Table 

VIII. 

Galvanometer  Kca^lin^. 

Extenso- 

Corrected 

'I'inic. 

Li  >：!/!. 

moter 

Time. 

()l»scrvc«l 

Seconds. 

Lbs. 

J!r;nlill^s. 

►Seconds. 

JJcadin^s. 

0 

1.000 

0 

0 

(I 

0 

12 

5.000 

4G 

10 

2-0 

201 

9,000 

20 

0  05 

32 

13.000 

12" 

30 

HI.(.KM) 

180 

JO 

i:m 

55 

23,000 

2:"i 

50 

17-2 

(i.r) 

27.0(») 

280 

(iO 

70 

29,000 

79 

30.000 

yield  ixjiiit. 

80 

44- 0 

w  vnt  olf  .scale. 

scales  of  galvanometer  and  extensometer  readings,  which, 
however,  have  a  linear  relation  to  one  another  and  to  the 
time  of  observation.  They  show  almost  complete  linear 
correspondence  right  up  to  the  elastic  limit  of  the  material, 
and,  in  fact,  afford  a  practical  means  of  detecting  this  limit 
quite  independently  of  mechanical  measurements.  The 
thermal  effects  produced  by  compressing  a  metal  differ  from 
those  produced  by  tension  in  that  there  is  a  continuous  rise 


-r  150  +100  +50  0  -50  -100 

Gnivanomctcr  Deflections 


hicf  casing  Temp  rS       Decreasing  T emp  '？ 
Fig.  19. 

of  temperature.  There  is  a  small  increase  proportional  lu 
the  load  within  the  elastic  range,  and  a  sudden  and  great 
increase  wlien  this  limit  is  passed,  wliirh  is  ； apparent lv 
depeiKlcni  upon  llio  cliaiaclcr  of  tlif  material  and  its  crv、l:,l- 
line  structure. 

The  changes  、vlii ，： h  occur  may  be  conveniently  illustrated 
by  some  results  obtained  from  a  short  sperim(、ii  wliicli  \v;is 
subjected  to  ； i  pure  eoinprossiuu  stress  ill  a  hydraulic  press. 


As  、v('  li;m'  seen,  \  he  change  o(  itMiipcral  m  e  wlucli  a  bar 
(\\|KM'i(M]ccs  win1  ii  loadtnl  is  very  suinll,  hul  fort  unafcly  Uum  iiio 
electric.    \uv\  hods  int'asurtMncnt    are    so  t 

tlifTereiH'f^s  ol*  te»ii]KM'at  uvr  of  one  i  liousaiuli  h  of  ； i  <"'^r'''' 
Ceniigrado,  or  <'v(、"  niu<-li  less,  arc  not.  (liflicult  i(,  measure 
with  suitaltlc  appliances,  and  by  tlie  use  of  t li(、rm(> t'l<"'t  rir 
couples  inserted  in  t lie  material,  Joulo  was  al)le  to  verify  the 
truth  of  the  Thomson  law  for  a  considiM-alile  mimher  of 
materials  subjected  to  tension  and  compression  stresses.  For 
ordinary  laboratory  experiments  it  is  often  convenient  to  use 
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The  correcting  factor  was  first  obtained  by  a  preliminary 
experiment  within  the  elastic  range  of  the  material  (I"  Fig. 
18),  and  the  second  part  of  the  deflection  time  curve  shows 
that  it  has  a  value  of  '00985.  A  strain-measuring  instrument 
was  afterwards  secured  to  the  specimen,  and  adjusted  until 
a  unit  reading  upon  the  scale  corresponded  to  2  5oXooo^n^  the 
measured  length  being  l^in.,  and  a  further  test  was  made  in 
which  the  load  on  the  specimen  was  increased  until  failure 
took  place.  For  convenience  of  working,  there  was  an  initial 
load  of  5001bs.  upou  the  specimen.  The  observations  in 
Table  IX.  aud  Fig.  18  show  that  the  yield  point  noted  by 
the  strain-measuring  instrument  was  observed  at  almost  pre- 
cisely the  same  instant  that  the  galvanometer  recorded  a 
sudden  and  great  increase  of  temperature.  This  is  more 
clearly  seen  when  the  observations  of  strain  and  thermal 
change  are  plotted  upon  a  common  time  base,  as  in  curves 
III.,  IV.,  and  V.;  all  of  which  mark  the  yield  point  by  abrupt 
changes.  It  is  also  worthy  of  note  that  the  corrected  read- 
ings of  the  galvanometer  are  proportional  to  the  load  until 
very  close  to  the  yield  point,  so  that,  having  established 
this  relation,  we  may  utilise  the  sudden  increase  of  tempera- 
ture to  show  when  breakdown  occurs.  This  sudden  change 
in  the  thermal  condition  of  a  metal  has,  in  fact,  been  utilised 
for  determining  the  yield  point  of  a  material,  as，  for  example, 
by  E.  Rascli' 氺 and  Messrs.  Lawson  and  Capp.* 

An  example  of  such  tests  is  furnished  by  the  results  of 
the  former  experimenter  on  an  annealed  brass  rod  which  was 
subjected  to  a  gradually  increasing 
pull  until  the  yield  point  of  the  mate- 
rial was  passed.  The  changes  in  the 
galvanometer,  reading  with  the  load, 
are  shown  on  the  accompanying  Fig. 
19  (curve  a).  On  repeating  the  test 
upon  the  same  material  after  an  in- 
terval, a  reversal  of  direction  of  the 
galvanometer  reading  occurred  later 
(curve  b)  showing  a  higher  yield 
point,  while  further  tests  in  the 
same  manner  show  still  further 
as  the  curves  c，  d,  and  e  indicate, 
of  direction  did  not,  however,  occur 


Fig.  20. 


rises  of  the  yield  point, 
In  cast  iron  the  change 
until  the  instant  of  fracture 

It  is  an  advantage  of  thermal  measurements  that  appa- 
rently the  effect  of  shear  stress  within  the  elastic  limit  is 
not  accompanied  by  thermal  change,  and  a  special  experiment 
to  detect  if  any  thermal  change  occurred  in  the  case  of 
cylindrical  bars  subjected  to  a  pure  twist  failed  to  show  any 
thermal  change  within  the  elastic  limit  of  the  material. 
This  result  can  be  readily  explained  by  considering  the  effect 
of  equilibrated  shear  stresses  of  intensity  distributed  over 
the  faces  of  a  cube  (Fig.  20).  At  any  point  of  the  interior 
of  the  cube  their  effect  may  be  represented  by  a  tension 
stress  q}  accompanied  by  a  compression  stress  q  at  right 
angles  and  both  equally  inclined  to  the  sides  of  the  cube. 
The  two  stresses  therefore  produce  thermal  changes  of  equal 
amounts  and  opposite  sign,  and  the  total  effect  is  zero.  The 
result  that  equal  and  unlike  principal  stresses  produce  no 
thermal  change  is  noted  here,  because  it  may  possibly  be  of 
service,  in  combination  with  optical  methods,  described  later, 
for  mapping  stress  distribution  in  complicated  cases.  It  will 
also  be  apparent  that  a  thermo-couple  can  be  used  to  deter- 
mine the  algebraic  sum  of  the  principal  stresses  at  any  point 
of  a  body,  whether  at  the  surface  or  within  it，  although  these 
latter  determinations  involve  cutting  away  a  part  of  the 
material,  and  thereby  possibly  introduce  a  grave  source  of 
error  owing  to  the  discontinuity. 

(To  be  continued.) 
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Iron  Pots  for  Melting  Cyanide. —— Large  quantities  of  cyanide 
are  now  used  for  case-hardening  steel,  and  it  is  used  in  the 
molten  condition.  Iron  pots  have,  says  "  The  Brass  World," 
always  been  used  for  this  purpose,  with  satisfactory  results, 
and  are,  of  course,  cheap.  Nickel  stands  molten  alkalies 
better  than  other  common  metals,  and  potash  or  soda  can 
be  melted  in  them  without  danger  of  the  vessel  being  attacked . 
It  is  possible  that  cyanide  can  be  melted  in  a  nickel  kettle 
satisfactorily  and  obtain  a  much  longer  life  on  it.  As  far  as 
known,  this  has  not  been  tried. 


INDUSTRIAL  AND  TRADE  NOTES. 

Britain's  Imports  of  Oil. ―  A(  ('or(li  iig  to  the  "  Petroleum  Ki'vi,'" ," 
over  420,000,000  galls,  of  oil  、、丄 'iv  imported  into  the  United  King- 
dom during  1913.  Of  this  total,  102,644,080  galls,  represented 
motor  spirit,  156,894,623  galls,  illuminating  oil,  and  65,705,048 
galls,  lubricating  oil. 

New  Tube  Works  for  Newport.-  'J  in-  British  Mannesmann  Tube 
Company  has,  says  tlie  "  South  Wales  Daily  News/'  definitely 
'l。（  i(l('〔l  to  establish  tu bo  w oj-ks  at  Newport,  whore  a  site  costing' 
about  £46.000  has  been  acquired.  It  is  expected  that  when  the 
works  are  complete  about  3,000  men  wiTi  be  employed. 

A  Large  Wind  Motor. ― What  is  claimed  to  be  the  largest  wind 
motor  in  the  world  has  lately  been  brought  into  use  at  Harlingen 
(Friesland)  for  drainage  purposes.  This  machine,  which  has  steel 
sails  and  is  mounted  on  a  steel  tower3  has  a  diameter  of  15  m.，  and 
is  capable  of  dealing  with  1;800  cm.  to  2,000  cm.  of  water  an 
hour.  The  machine  was  supplied  by  Messrs.  11.  S.  Stockvis  and 
Zoon,  of  Kotteidaiii. 

Rating  of  Engines  and  Boilers  in  Empty  Premises. ― A  case  of  interest 
to  mill  owners  and  steam  users  was  heard  before  the  Todmorden 
magistrates  on  the  22nd  inst.,  when  the  Calderside  Dyeing  Com- 
pany, Hebden  Bridge,  were  summoned  by  the  overseers  of  Hebden 
Jiridge  for  the  non-payment  of  rates  in  respect  of  their  mill,  which 
is  empty  except  for  an  engine  and  boiler.  The  defendants  con- 
tended that  the  mill,  being  empty,  there  was  no  beneficial  occu- 
pation, and  they  were  entitled  to  exemption.  On  the  other  hand, 
the  overseers  maintained  that  the  premises  were  being  used  to 
\\  ； i  rehouse  the  engine  and  boiler,  and  that  the  defendants  Avere 
deriving  beneficial  occupation  and  ought  to  pay  rates.  After  hear- 
ing the  arguments  the  Bench  stopped  the  case,  and  decided 
against  the  overseers,  but  consented  to  state  a  case  for  appeal. 

A  Large  Rolling  Mill  Engine. ― Messrs.  RichardsoiiSj  AVestgarth, 
and  Co.，  engineers,  have  constructed  at  their  Middlesbrough 
works  a  rolling  mill  engine  of  253000  h.p.  It  is  of  the 
three- ci'ank  vertical  type  built  to  the  order  of  the  South 
Durham  Steel  and  Iron  Company  to  their  designs  and  under  the 
superintendence  of  their  chief  engineer3  Mr.  Edward  Crowe.  It 
w  ill  be  used  for  driving  a  plate  mill  at  the  company's  malleable 
w  orks,  Stockton-on-Tees.  The  engine  is  arranged  for  direct  driv- 
ing, so  that  all  gearing  between  the  engines  and  the  mill  is 
entirely  dispensed  with.  The  three  cylinders  are  54in.  diam.  by 
60in.  stroke,  the  engines  being  designed  for  a  speed  of  80  revs. 
per  minute  in  ordinary  work  and  a  runaway  speed  of  240  revs,  per 
minute.  The  working  pressure  is  IGOlbs.  per  square  inch,  and  the 
engines  are  capable  of  developing  a  total  of  25,000  h.p.  The 
valve  gear  is  of  the  Joy  type  specially  designed  for  rolling-mill 
work,  and  the  whole  of  the  engine  control  is  by  means  of  a  single 
lever  actuating  the  Crowe-Davy  starting  and  reversing  gear. 

Regulation  of   Prices   in   the   Galvanised   Iron  Trade— The  monthly 

report  of  the  Steel  Smelters1  Association  states  that  the  arrange- 
ment for  regulating  prices  in  the  galvanised  sheet  trade  has 
resulted  in  a  good  deal  of  speculation  as  to  the  probable  effect 
upon  the  trade.  It  is  reported  that  all  the  makers  in  the  country 
are  parties  to  the  scheme,  which  differs  in  several  respects  from 
that  which  was  in  operation  prior  to  1910.  The  object  is  to  check 
(■(impetitioii,  and  to  keep  prices  within  such  a  limit  as  to  prevent 
a  repetition  of  the  experience  which  brought  about  the  termina- 
tion of  the  old  agreement.  It  is  intended  to  maintain  strict  con- 
trol of  output,  and  to  each  firm  will  be  allotted  an  output  based 
upon  their  production  for  the  past  three  years.  Firms  exceeding 
the  limit  will  pay  a  proj)oi'tioiiate  contribution  to  the  pool,  while 
iirms  whose  output  falls  below  the  limit  will  be  recouped  from 
the  pool.  When  prices  fall  below  a  level  at  which  they  cease  to  be 
lviiiunerative  the  output  of  the  various  works  will  be  curtailed 
until  the  demand  enables  profitable  prices  to  be  obtained.  The 
working  of  the  scheme  will  be  watched  with  interest. 

Green's  Economisers. ― Messrs.  Green  &  Son,  Ltd.,  of  Wakefield, 
the  well-known  makers  of  economisers  or  feed-water  heaters,  have 
sent  us  a  copy  of  an  interesting  and  instructive  book  they  have 
just  issued  for  the  use  of  engineers  and  steam  users  concerned 
with  the  design  or  working  of  their  apparatus.  The  book  gives 
an  historical  review  of  the  development  of  their  apparatus  from 
the  time  of  its  first  introduction  by  the  late  Mr.  Edward  Green 
in  1845  down  to  the  present  day,  as  well  as  the  various  reasons 
iliat  have  gradually  led  up  to  the  adoption  of  their  latest  designs, 
suitable  for  boilers  of  almost  every  type  and  pressure.  The  book 
is  beautifully  illustrated  with  photos  of  economiser  details  and 
accessories,  as  、ve】l  as  of  installations  at  work  in  various 
parts  of  the  woi'ld，  and  a  series  of  working  plans  for  the  guid- 
unce  of  engineers  and  others  in  arranging  boiler  houses  and  flues 
lo  suit  varying  types  of  boilers,  dispositions  of  building  sites, 
chimneys,  &c.    The  whole  is  supplemented  with  a  mass  of  useful 
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data,  records  of  working  tests,  &c,  which  should  ho  of 
service  to  all  interested  in  the  working  of  this  ajipn  rat  us,  mid  au\ 
stitutes  a  work  of  reference  which   、、'(、11  deserves   a  prmiiiiiciit 
plaoo  on  tho  office  l)ooksli('II'. 

Water  Purification.-  Messrs.  AFnilipr  &  Plait,  \A<}.,  oi'  ]U;iik】"'s 
tor,  have  recently  completed  three  extensive  schomos  of  "；山 r 
supply  and  filtration,  and  they  have  in  hand  several  oilier  con- 
tracts of  a  similar  nature .  Towards  tho  ond  of  H)12  U"、y  com- 
pleted a  schomo  of  、vat'、r  supply  and  filirntion  ;it  LoxN-y  Valloy 
for' the  Sheffield  Corporation.  This  installation  has  l,(','n  working 
regularly  during  the  past  year,  and  supplies  the  town  with  alumt 
7,000,000  gallons  of  puro  water  per  day.  The  Sheffield  Corpora^ 
tion  have  since  placed  an  ordor  with  tl"、  firm  ior  a  fm'Uicr  instal- 
lation of  iilt(M-s.  Iiistallntioiis  hnvo  l"'"n  rrccully  ('(implt'tcd 
hv  -Messrs.  Mathor  &  Piatt  for  the  Kliyiniicy  and  Aber  Valleys 
Gas  and  Water  Company,  the  Fraserburgh  Corporation,  and  tlir 
Hrindloy  Hank  INunpin^  Station  of  tho  SouUi  St:ifl.(、rdshiiv  、V:it«'r 
C'Oinpany.  Other  recent  cont  r;icls  includr  ii Iters  loi-  tlx1  N, '"屮 i:i.v 
and  Districl  W:i"、r  Bo;u'(l,  the  Salford  Corporation  Elect  i-icity 
Works,  tho  Oldham  Corporation,  the  Accrington  Eleciri<  it y 
AVorks,  and  tho  Paisley  Corporation.  In  addition,  thoy  iiavc  in 
hand  several  contracts  for  abroad.  Messrs.  M;itlirr  tV  IMa i  I  :itv 
in  a  position  of  advantage  in  the  carrying  out  of  schemes  of  water 
filtration  and  purification,  inasnincli  as,  altliou^h  tli('r,、  ：u('  niiiny 
firms  who  nianufarturo  filters,  、vatw  softeners,  and  sewa^o  plant 
singly,  tht\v  ； u'(、  the  only  firm  wlio  manufacture  appliances  for 
the  whole  three  sections.  They  are  consequently  familiar  with 
all  tho  details  necessary  for  the  effective  carrying  out  of  either 
municipal  Avatcr  pu rification  work  or  tlio  installation  of  an  indus- 
trial  filtration  schonie. 

Alcohol  as  Motor  Fuel. ― The  follouiiig  Iiave  been  appointed  on 
the  Alcohol  Motor  Fuel  Committoo  for  mod  by  the  Tmperinl  、r(>tm' 
Transport  Council :  The  Hon.  Arthur  Stanley,  M.R,  M.V.O., 
cliairman  of  the  Royal  Automobilo  Clul>,  A'f.  (chairman)  ；  Mr. 
Tliomas  L.  Aveling,  nominated  by  the  Eoval  A^ficultural 
Society;  Mr.  Bertram  Blount,  consulting:  chemist  to  tlio  Crown 
Agents  for  the  Colonies  ；  Mr.  J.  Sidney  Critchley,  the  prosiilcut 
of  the  Institution  of  Automoliilo  Engineers;  Mr.  S.  F.  Edge, 
president  of  the  Society  of  Motor  Manufacturers  and  Traders  ； 
Mr.  S.  Glover,  gas  engineer  to  the  Corporation  of  St.  Holons  ； 
Dr.  H.  "S.  Hele-Shaw,  formerly  chairman  of  the  Motor  Union  Fuel 
Committee,  representing  the  Automobile  Association  and  Motor 
Union  ；  Mr.  Basil  H.  Joy,  secretary  of  the  Institution  of  Automo- 
hile  Engineers,  representing  with  Mr.  Critchley  the  Institution 
of  Automobile  Engineers  ；  Prof.  Vivian  B.  Lewes,  Professor  of 
C1honiisti\y  at  the  Royal  Naval  College,  Greonwicli  ；  Dr.  \V.  R. 
Oi-niaiidy,  Bishop  Berkoly  Fellow  of  Owens  Collcm\  M:m(  li(>"i、r, 
Avho  has  carried  out  important  invostifiations  on  the  use  of  alcohol 
and  alcohol  mixtures  as  a  fuel  for  motor  engines ；  Sir  Boverton 
Redwood,  Bart.,  Advisor  on  Petroleum  to  the  Government  ；  Mr. 
Sidney  Sti-akcr,  cliairman  of  the  Commercial  Vehicles  Committee 
of  the  S.M.M.  and  T.  ；  Mr.  Tliomas  Tyrer,  member  of  tlie  ('muiHl 
of  the  London  Chamber  of  Commerce  ；  Mr.  Horace  Wyatt, 
honorary  secretary  of  the  Imperial  Motor  Transport  Counci].  Tt 
is  the  intention  of  the  committee  to  conduct  investigations  into 
the  possibility  of  obtaining  adequate  supplies  of  alcohol  suitable 
for  motor  fuel  at  sufficiently  】o、v  prices.  Also,  to  direct  experi- 
nients  tending  towards  tho  production  of  engines  suited  to  employ 
alcohol  as  a  fuel. 

Long-distance  Cabling. ― At  a  nirotiiiK  of  tlio  Dominions  Royal 
Commission  held  in  London  a  ft' 、、-  (Imvs  ago  some  interest itm 
information  relating  to  long-distance  cabling  was  given  by  Mr. 
F.  C.  Crawford,  chief  of  the  submarine  ('al>l*、  laying  dojm rtniont, 
and  Mr.  R'ollo  Appleyard,  chief  of  the  submarine  core-man u fgM^B 
i"g  department  at  the  Silvertown  Worlds.  Thoy  oxplainod  that 
the  general  effect  of  recent  developments  was  that  sptv(l  ，"屮 u 
increased  by  50  per  cent,  or  "u)r,、，  and  that  accuracy  of  tr;ms- 
mission  had  been  improved.  The  cost  of  a  mod(>rn  Atlantic  cal.lo. 
giving  a  speed  of  about  40  words  per  minute,  wns  alxiut  I'-MlO.dlM), 
do])eiulino;  on  fluctuating  markets  and  the  cost  of  the  materials. 
Mr.  Cra wford  said  that  as  ivg:u 山' d  sliort  cal.Ios  niul  land  liii(、s 
working  with  the  Creed,  liaiulot,  and  other  systoms  tlic  sP,、f'(l  U;IS 
far  ahead  of  1om<>;  distanco  cahlo  working;.  1 川 t  ho  Iiad  jio  (Imil't 
tliat  distinct  improv^Miicnts  would  I,,'  m;i(lt'  in  tlio  luhiiv  tor  lmig- 
tamv  working.  Mr.  Appleyard  s;"(l  1">  s;n、  no  prospect  oi'  tluMv 
b(>mg  any  reduction  in  tho  cost  of  constnu-t ion  :m(l  wmkiiiu  of 
cal 山、 s.  The  teiultMtcy  of  tho  ma rkt«t  in  raw  materials.  、、l，t>tlu:7  in 
.j:ite，  coppor,  or  ^utta  ptMclia,  、、  as  to  rise.  |n  tho  (>v*"it  tl"' 
Govonniiont  desirmg  to  own  a  。:"山>  mm- vice  across  tho  All;ii1ti<-  it 
"mild  he  dosiral)!^,  in  m 山"' to  stn-uro  an  eflici^Mt  ； md  ！ vliahlo 
sw'^ce,  to  have  tuo  cables.  Referrins;  to  tho  ivlativc  .nrrits  of 
cable  and  wireless  systems,  the  witness  said  the  ordiinuy  ,-ihI,. 
^as  more  constant,  moro  trustworthy,  and  oortai.ilv  mo.v'  srevt 
J  he  advent  oi  wiroless  had  in  no  way  fliininisliod  th-  act.v.tirs  oi 
the  cable  ooinpanios;  in  fact,  the  tendency  had  Imhmi  in  tl"'  (»,,,,<> 
site  direction,    It  had  stimulated  and  encouraged  them  to  further 


devolopmont.  Ih'  rouM  not  srn、  liow  、、ir<'l''、s  rou M  **vci-  |，"  、 i'.lv 
supors<Hlo  tl"、  oIImt  systems.  1 1  mi^lil  I"'  possililr  to  inci  ciisc  tlio 
speed  of  wireless,  but  ho  did  not  see  liow  it  could  ever  l)f  r"，，if、  a 
secret  system. 

World's  Coal  and  Iron  Production.  —Part  IV.  of  t  h<*  Aiiini;tl 
Report  of  tho  Chief  Ins]>ccLor  oi'  Mines  atul  Onari  i<  ^  ior  1011,  just 
issnod  from  tlio  Homo  Office,  ^ives  i>a!  ticula rs  relating  to  i  、'',' 
(Miiploytvl,  output,  mikI  ac(i'l<*iits  a t.  mi»u*s  and  rjuarrics  in  Ui', 
British  Colonics  and  foreign  r-ou nt rics.  From  this  it  appears  that 
the  number  of  persons  engaged  in  mining  aiul  <[\invv\\i\<s,  at  liorno 
and  abroad  in  1911  reached  nearly  6,500,000.  Of  this  total, 
rou^Iily  speaking,  nearly  one  fifth  w*m*o  empl(),v('fl  in  tli''  r'iii'  'l 
Kingdom,  and  more  thai)  one  tliird  in  tho  British  Kmpi i No 
statistics,  liowovcr,  ait*  puMisluHl  by  several  countries  in  wliirli 
n^ininti;  is  ('arri("l  on,  and  tlic  fi^uro  jnohalily  falls  ronsidcralily 
short  of  the  real  total.  Moro  than  half  of  the  total  nnnilxT  u «tc 
(employed  in  getting  coal  ； ilonc,  (iicat  Hritain  omployiiig  n*-;u  l\r 
1,050,000,  the  United  S" 山 s  m'('r  722.000,  (i.-iniany  iM-arly  70l.0<H). 
France  over  200,000,  Russia  (UH)U)  uv'r  !(；!». (KMt.  Hol«<iiin)  over 
144,()()(),  Austria  over  129,000,  and  Ftulia  over  116,000.  Tho  t,,t;,l 
amount  of  coal  produced  was  nearly  1,187,(K)0,000  inotric  tons,  tlio 
value  of  which  is  estimated  at  nearly  £4:d,()(K)，（,（)f,.  T1k>  f|ii;ui- 
tity  and  value  compared  with  1910  show  an  increase  of  nearly 
23,000,000  tons  in  the  output,  and  of  over  L 1  o,()(K).0(K)  in  the  vali"'. 
The  leading  countries  are :  United  States,  with  a  production  in 
round  figures  of  450  million  metric  tons,  valued  at  128  millions 
stcM'ling  ；  Great  Britain,  276  million  metric  tons,  valued  at  111 
millions  sterling  ；  and  Germany,  2lM  million  metric  tons,  valued  at 
88  millions  storlino;.  I  n  tht-  (  aw  ot"  iron,  tlio  l'"it"(l  Stutcs.  w  itli 
an  output  of  nearly  23,700,000  tons,  is  oonsid(Mal>ly  alio  ad  oi  ;iny 
other  country.  The  German  Empire  with  over  8,500,000  tons, 
Great  Britain  with  over  o,  100,000  tons,  France  with  nearly 
5,900,000  tons,  and  Spain  with  over  4,400,000  tons,  come  noxt. 
As  regards  the  loss  of  life  from  aocirlonts  in  mines 
and  quarries,  and  tho  death  ratios  froin  accidents  per  1 ,000 
persons  employed,  and  taking  coal  minos,  for  wliicli  tl"、  fi^uros 
are  fairly  complete,  it  is  seen  that  the  death  rate  of  tli''  I" n itrd 
Kingdom  was  1'17,  and  for  tho  British  Empire  1  -25,  while*  for 
Austria  it  was  1'27，  Belgium  114,  Franco  1*08,  Japan  3+1'」.  （；*'r 
many  2  08,  and  the  United  States  3- 55.  Tlio  doatli  rato  for 
foreign  countries  generally  was  2*51 . 


THE  MANCHESTER  STEAM  USERS,  ASSOCIATION. 

The  annual  memorandum  of  Mr.  C.  E.  Stromeyer,  the  Chief 
Engineer  of  the  Manchester  Steam  Users'  Association,  for 
1912  lias  just  been  issued.  The  memorandum,  which  is  of 
a  very  technical  character,  is  devoted  almost  entirely  to  a 
consideration  of  the  strength  of  flat  plates  supported  w i 1 1 1 
screwed  stud  stays  such  as  are  employed  in  boiler  construc- 
tion, and  the  general  tenor  of  the  memorandum  is  to  show 
that  the  strength  of  such  flat  plates  is  not  in  accordance  with 
the  Board  of  Trade  formula)  which  is  usually  relied  upon  in 
determining  the  scantlings  to  be  allowed  tor  flat  surfaces  for 
steam  boilers. 

Mr.  Stromeyer  also  comments  on  what  he  describes  as 
" the  very  unsatisfactory  nature  of  the  Board  of  Trade  reports 
on  boiler  explosions.  One  reason  for  this,"  he  remarks, 
" seems  to  be  the  practice  of  giving  each  Board  of  Trade 
surveyor  a  turn  at  conducting  an  enquiry.  Little  is  gained 
by  the  present  system,"  asserts  Mr.  Stromeyer,  "but  much 
time  and  money  is  wasted .  Surely  with  about  100  explosions 
per  annum  sufficient  work  could  be  found  for  one  man  pos- 
sessed of  a  good  college  training  and  suitable  practical 
experience  to  investigate  these  cases  and  to  report  on  them 
with  such  clearness  that  formal  enquiries  need  not  be  held  : 
or  if  an  occasional  one  were  found  to  be  necessary,  lie  would 
be  the  most  fitting  】nan  to  conduct  it. 

" The  money  which  would  tluis  be  saved  on  expensive 
formal  enquiries,  amounting  probably  to  £3,000  or  £4,000, 
might  very  advantageously  be  spent  by  the  expert  wlio  makes 
the  enquiries  on  occasional  interesting  tests,  for  these  are  very 
badly  wanted  in  this  country.  To  a  certain  extent,"  lie  adds, 
" tliis  is  actually  being  done  under  difficulties  in  Germany. 
There  accidents  sometimes  occur  wliich  cannot  be  entirely 
explained  by  the  Chief  Engineer  of  the  Boiler  Inspection 
Association  who  conducts  the  enquiry,  but  vorv  often  he 
induces  some  one,  generally  the  manufacturer,  to  have  experi- 
ments made.  Tims  it  is  that  we  have  to  turn  to  German 
publications  not  only  for  the  latest,  but  for  the  only,  informa- 
tion about  the  elasticity  of  corrugated  furnaces,  the  elasticity 
of  steam-pipe  bends,  the  strength  of  dished  ends,  and 
largely  also  about  stayed  flat  plates," 
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NEW  PATENTS. 

Specifications  of  th  r  .,('〃''"'/•";/  arc  now  ?)'〃'//■'、■/' '7乙 and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Addrrss 
'- \l  r<  f,<uiicitt  /':/'!〃/'''/'，"  53，  New  Bailcij  Stn'rt,  Manchester. 

MECHANICAL  1912. 

Turning  hi thos.    Popella.    201  70. 

I  nt.-rnal  conilnistion  engines.     Wright.  )2. 

Manufacture  of  tungsten.    Gladitz.  27859. 

Mot  iv»k  powtM'  instnllation,  particularly  applical>lo  for  uso  in  tor， 
poiloos,  and  sul)inarino  vessels.    .Jonson  (Dodd).    27(J81 . 
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les.    Sokolowski  S:  l\ror/.ycki . 
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Automatic  couplings  for 
60. 

Method  of  and  apparatus  for  heating  and  purifying  water, 
mii'off.  131. 

Carburetters  for  internal  combustion  engines.    Douo.  167. 
Furnaces  for  heating  moulds.    Ferman,  and  Forma n  &  Co 
Appaiittus  tor  compressing  gas.    Kill)urn.  207. 
Sp.M'd  iiulicatin.u,  apparatus.     Kai^U1.  285. 

J^Nlumst  silencers  for  internal-combustion  engiiios.    T^toiissct  :m(l 

Dow.  26o. 
\'a  poi  isers.    I^nsi^n .  280. 
l/(litid  change-speed  gear.    Schiesari.  463. 
1  iiternal-combustion  engines.    Sefton-Jones.  510. 
Stt';un  turbines.    Hadclan.  614. 

Salfty  devices  for  steam- condensing  plants.  Mnllor. 

Murine  turbine  installations.    Parsons,  Cook,  &  Chapman.  804. 

Kx plosion  engines.    Daimler  MotortMi  (les.  812. 

Silencers  for  internal-combustion  engines.    Hutton.  830. 

M(M  hanism    for    operating    the    valves    of    internal  comltiiNtion 

engines.    John  I.  Thornycroft  &  Co.,  and  】iil)l»'v. 
Valves  of  fluid- pressure  engines.    Carson.    8-">8 . 
K\liaust  scavenger  and  silencer  for  internal-oonibnstion  cn^inos. 

Davies.  928. 

Turl)ino  compressor  installations.     卩 arsons,  Cool"  入' Cnriu^io. 

953. 

Steam-boiler  furnaces.    Buckley  &  Smith. 

Valves  for  internal-combustion  engines.    Cook  &  Shippey.  2073. 
I  nsti  iimeiits  tor  liu-asuring  the  flow  of  fluid  tlirou^li  a  ronduii. 

British  Thomson- Houston  Company.  2417. 
Flexible  couplings  and  flexible  shafts.    Swan.  2(i:". 
X'arialtlo  speed  j^oar  for  motor  road  vt'liiclcs.    ( 'humln'rlai n .  "2(M)7. 
Water  circulators  for  steam  boilers.     Blizzard,  Cotton,  A:  Todd. 

3073. 

Construction  of  milling  tools.    Charlier.  3921. 

( '.  ntrifugal  blowers.    Homersham  &  Berk,  4081. 

Methods  and  means  for  softening  water.    AVheaton.  4188. 

Apparatus  for  drilling  and  connecting  branch  mains  under  pres- 
sure.   Boyle.  4894. 

Valves  for  fluid  pressure.  Fallot  Incandescent  Light  Company, 
and  Lowe.  5059. 

Valves  for  pneumatic  hammers.    Daw  &  Daw.  5613. 

Ignition  apparatus  for  internal-combustion  engines.  Mollorsh- 
Jackson.  6176. 

Punching  and  riveting  machines.    Dolcher.  7217. 

Internal-combustion  engines.    Vorreiter.  7587. 

Rotary  blowers.    Axien.  8251. 

Friction  gearing.    Carey,  and  U.  Waygood  &  Co.  9236. 
Atomisers  for  liquid  fuel.    Soc.  Anon,  des  Etablissomonts  Dt'l:ui- 

nay-Belleville.  9280. 
Punches  and  dies.    Hartog.  9494. 
Annealing  of  wire.    Woods.  1021.-). 

C'liange-speed  gears.  J.  S.  Will、vay  &  Sons，  Ltd"  and  Moore. 
10523. 

Supply  of  air  to  internal-combustion  engines.      Heyl  &  Bakt'r. 

lues. 

"Chills"   employed  for  hardening   and  touglioning  cast  motal 

cylinders.    W  held  on  &  Hans.  11703. 
Continuous  weighing  apparatus.    \V.  &  T.  Avery,  Ltd.,  and  Par- 

nall.  11913. 

Kastt'iier  for  driving  belts.    Hubbard  &  Yates.  ]H>8. 
Chain  belts.    Feuge-Reuforth.  13338. 

Apparatus  for  manufacturing  wood-gas  and  by-products.  Poolo. 
13929. 

Engine-starting  and  lighting  equipment  for  motor-vehielos.  Lucas 

and  Turner.  13980. 
Method  and  apparatus  for  utilisation  of  residual  ho  at  by  moans  of 

cold  vapour  turbine  plant.    8em mler.  14457. 
Pipe  couplings.    Dies.  14944. 
Manufacture  of  chains.    Andreas  Daub.  15160. 
Rotary  power  ^engines.    Statax  Engine  Company,  Hanson,  and 

Gregory.  15490. 
Proross  of  soldorinp;  iron  and  steel.    Morosi.  15930. 


Itotary  online  valves.    Spencer.  lO'JdO. 
Exj)Iosion  turbines.    Pichard  A:  Picliard.  10.">04. 
Smith's  forges.    Schar.  17027. 
Spt't'd  indicating  instrunuMits.    CmsIi.  17401. 
Solar  boilers.    Keun.  18998. 

IVt'ssuiv  and  vacuum  rt'lict'  valve,    ('romptoii.    1  !)'；()  1 . 
Automatic  train  stopping  devices.    Klliott  <fe  Klliott. 
Oas  producers.    PitM'son,  aiul  Soc.  J.  A'  ( ).  (J.  Picrson. 
Construction  of  boilers.    Pol  la  k.  21957. 
Hailu  ay  signalling  systems.    Soc.  Amom  .  AVosti  u^Iiouso. 
Nut  locks.    Fiehler."  22oM. 

Saiotv  signalling  and  controllintj;  dt、vi(vs  lor  raihv :vvs. 
22829. 

hnll  l»o;uiii-;s.     Hofi'nntiiM.  L>H0:,|. 
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ELECTRICAL,  1912. 

lvt^sistanoos  for  olectrioal  lieating  apparatus.    Bastian.    81  H . 
Switching  devices  for  nu'rcurv  vapour  lamps.    Jolinson.  27i)'V;. 

-  1913. 

Apjiai'atus  for  eloctrically  operating  planing  machines.  Laiif:i.Kliir(、 
Dynamo  aiul  Motor  Company,  Wood  &  McTiOod.  I.'i. 

Kt'sonatinjj;  relays.    Von  Kramor  A:  Kapp.  444. 

Automatic  tc](^i;i ph  tiiinsniittcrs.    AVillicrs.  791. 

Automatic  telephone  oxcli;ui<j;o  systems.  AVostoi'n  Elortric  ('om- 
pany.  1228. 

Spark  plu^.s.    Duffy.  1281. 

l':l。rtri('_('mita('t  makers.    ( 'loiiipson  &  ^furrell.    £2.3(il  - 

Regulators  for  dynamos.    Johnstone  、、-  bViyison.  -H 

Electric  arc  lamps  for  projection.    Sclmiidt.  W". 

Combined  dynamos  and  governors.    C'lunx-hu  ard.  714(i. 

Control  of  hi^;h-frequency  altcrnatiiig  currents.  British  Thomson- 
Houston  Company.  7151. 

1  w'\  iTsing  and  controlling;  <j;oar  for  pk'ctric  motors.  Etoliolls, 
Congdon,  &  M'lir,  I  At}.,  and  Muir.  10ol4. 

] 化、 （'trie  eK'vaior  systems.     I^rasrr.  1:M47. 

] n('aiid。s(viit  electric  lamp       incuts.    :Kt'a(l.     1 3( 

l^l*iftric  safety  lamps.     l'，;"'rh('r.  】d& 

l1ilcotric  inoandesct'iit  lamps.    R(、a(l.  】G77(>. 

Controlling  <i^nv  i'or  olect  ricall  v  drivon  hydraulic  pumps.  Tow  ler. 
16807. 

Circuit  arrangeme^B  for  lelephone  installations  with  semi-auto- 
lUiil  ic  u  m'kiiig.    Siemens  ^  1 1  ； ilskc  Akt  ,("、s.  244;*""). 


METAL  QUOTATIONS. 

TUESDAY,   .)ANlTARV  i>7th. 

Aluminium  ingot    90/ -  per  cwt. 

,,         wire,  according  to  sizes,  &e  from  117/-  " 

，，        sheets        "  ，，    ，，  112/-  ，， 

Antimony   £28/-/-  to  £30/-/-  per  ton. 

Brass,  rolled   7^d.  per  lb. 

*"  ,,    tubes  (brazed)   9Jd.  ，， 

，，  (solid  drawn)   8Jd.  ，， 

"       ，,      wire    7M.  " 

Copper,  Standard   £65/12/6  per  ton. 

Iron,  Cleveland   50/7^  ，， 

，， Scotch   ，， 

Lead,  English    £20/5/-  ,, 

,, Foreign  (soft)    £20/2/fi  ,， 

Mica  (in  original  cases),  small   6d.  to  3/—  per  lb. 

，,  ,，  ，，       medium   3/6  to  fi/—  ,, 

，，  ，，  ，，       large   7/(5  to  11/- ，， 

Quicksilver   £7/10/-  per  bottle 

Silver   26] d.  per  oz. 

Spelter    £21/10/-  per  ton. 

Tin,  block   £180/10/- ,， 

Tin  plates   13/-  " 

Zinc  sheets  (Silesian)   £25/-/—  ，， 

„  (Stettin  ；  Vieille  Montagne)   £25/2/6  ，， 


Explosions  in  Mines. -— The  Explosions  in  Mines  Committee 
have  submitted  to  the  Home  Secretary  the  fifth  report  on 
the  results  of  their  experimental  work  at  Eskmeals  Station, 
in  which  they  make'  recommendations  as  to  means  for  pre- 
venting coal-dust  ignitions.  The  Home  Secretary,  in  an 
official  communication,  states  it  will  be  necessary  to  embody 
the  recommendations  in  statutory  regulations  under  the  Coal 
Mines  Act.  He  points  out  that  the  committee  have  not 
recommended  the  adoption  of  stone  dusting  to  the  exclusion 
of  watering,  but  adds  that  it  is  generally  recognised  that  any 
system  of  watering  which  did  not  render  inert  the  dust,  not 
only  on  the  floor  but  on  tlie  supports  and  sides,  would  not 
be  equivalent  to  a  system  of  stone  dusting  recommended  by 
the  committee. 
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METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,    Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  ,-2) 


ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD  OFFICE: 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
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E.  Dept.       J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 

NOW  READY. 

Fowler's  Mechanics  &  Machinists' 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 

The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  thousands  were  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 


Price  8d.  post  free. 


SCIENTIFIC   PUBLISHING  COMPANY, 

53,  NEW  BAILEY  STREET,  MANCHESTER. 


Telegrams:  " Scientific,"  Manchester. 
Telephone  No.  6O55  City. 

SUBSCRIPTION  RATES. 

United  Kingdom  :  12/6  per  :mimm,  post  free. 

Canada :  14/6  per  annum,  post  free. 

Anywhere  Abroad  ： ― 

17/6*  per  annum，  post  free.    Thin  paper  edition 
， 21/-*       ，，  ，，  Thick  ，， 

*  Foreign  Remittances  by  International  Money  Order  only. 

Note. ― Direct  annual  sul)scriptions  iii('l，"l(>  u  Free  Copy  of 
Fowler's  "  Mechanical  Kiigii"'('rs，  Pocket  Jiook." 

Cheques  and  Postal  Orders  sliould  U' 川: id*'  p:i  v:il,l*'  1.,  fU'  x  initific 
INililishinn;  Company,  and  forwarded  to  our  Manclicst^r  Ofiicc 
'33,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  shotiUI 
r(""'li  our  Manchester  oHic(*  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  adverti.seincnts  not  later  than  first 
post  Wednesday  morning. 


Boiler  Explosions  and  Board  of  Trade  Enquiries. 

In  his  Annual  Memoraiuhun  for  the  year  1912，  just  issued, 
Mr.  Stronieyer,  tlie  chief  engineer  of  tlie  Manchester  S learn 
Users'  Association,  criticises  some  features  of  the  reports 
"sued  bv  the  Board  of  Tratlc  on  t'oi'mal  enquiries 
held  under  the  Boiler  Explosions  Act,  and  particu- 
larly their  lack  of  technical  information,  wliich  would 
often  be  of  value  to  engineers  in  dealing  witli 
questions  of  boiler  design.  Without  seeking  in  any 
way  to  belittle  the  good  work  done  by  the  Act,  or  tlie 
exemplary  character  of  the  judgments  of  formal  enquiries 
as  a  rule,  there  is,  we  think,  considerable  justification  for 
this  criticism.  One  reason  assigned  by  Mr.  Stromeyer  for  the 
paucity  of  technical  information  is  the  seeming  "  practice  of 
giving  each  Board  of  Trade  surveyor  a  turn  at  conducting 
an  enquiry."  There  is  no  doubt  something  in  tliis,  for 
engineers,  like  everyone  else,  become  more  or  less  expert  with 
practice,  and  an  engineer  accustoined  to  these  investigations 
will  immediately  size  up  the  salient  facts  aiul  }H>int  the 
lessons  they  convey,  whereas  another,  without  this  experience, 
might  be  confused  by  a  contemplation  of  the  niass  of  wreckage 
and  so  fail  to  extract  their  true  significance.  Another  aud 
more  important  reason  however,  in  our  opinion,  is  that  w  lie  re 
formal  enquiries  are  lield  the  court  very  often  appears  to  be 
more  concerned  with  questions  of  legal  responsibility  and  orders 
as  to  questions  of  costs  than  with  the  technical  aspects  of  the 
case.  This  is  due,  we  think,  to  the  fact  that  the  court,  which 
consists  of  a  barrister  and  an  engineer,  is  invariably  presided 
over  by  the  legal  member,  who,  however  capable  he  may  be 
in  sifting  evidence  and  deciding  legal  points,  cannot,  in  the 
nature  of  things,  possess  that  scientific  or  engineering  know- 
ledge which  is  occasionally  desirable  in  analysing  some  of  the 
technical  questions  at  issue.  It  may?  of  course  be 
argued    that    it    is    not    the    duty    of    the    Board  of 
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Trade  under  the  Act  to  make  investigations  into  struc- 
tural strengths  of  the  nature  suggested,  but  into  the  causes 
of  the  disaster  and  to  fix  responsibility  for  it  on  the  right 
shoulders.    This  may  be  true,  but  it  is  no  reason  why  official 
public  enquiries  should  not  contribute  as  much  as  possible 
to  our  stock  of  knowledge,  especially  when  this  can  be  done, 
as  it  often  can,  without  entailing  extra  expense.  The  informa- 
tion is  often  available,  but  in  the  report  has  to  yield  place 
to  a  great  extent   to    long    wearisome   details  of  evidence. 
It  sometimes  happens,  too,  in   these   formal    reports,  that 
although    valuable    technical    evidence    is    presented  the 
engineer-surveyor  presenting  it  gets  little  credit,  although  he 
may  have  been  the  chief  means  of  elucidating  the  cause  of 
the  disaster.    The  natural  result  is  that  he  feels  little  disposi- 
tion to  make  the  personal  efforts  required  to  piece  up  the  little 
bits  of  evidence  or  pursuing  enquiries  which  the  disaster 
suggests,  and  which  would  be  of  value  in  settling  obscure 
questions  of  structural  strength.     That  f&eling  of  this  kind 
has  operated  we  know,  and  obviously  it  is  not  to  the  public 
advantage.     Mr.  Stromeyer  suggests  that  a  better  course 
would  be  for  the  Board  of  Trade  to  appoint  "one  man  possessed 
of  a  good  college  training  and  suitable  practical  experience  to 
investigate  these  cases,  and  to  report  on  them  with  such  clear- 
ness that  formal  enquiries  need  not  be  held,  or  if  an  occasional 
one  was  found  to  be'  necessary  h©  would  be  the  most  fitting  man 
to  conduct  it."    As  regards  special  technical  investigations, 
where  these  would  be  of  advantage  the  matter  does,  to  same 
extent  rest  with  the  Board  of  Trade,  since  it  could  be  given 
in  tli&  report  of  the  "  preliminary  "  enquiry,  which  i&  held  in 
every  case,  but  which  report  is  now  smothered  or  compressed 
into  a  small  spao©  when  a  u  formal  "  is  ordered,  apparently 
to  make  room  for  detailed  account's  of  the  evidence'  of  the 
various  witnesses  and  the  summing  of  it  up  by  the  barrister 
who  presides.  From  the  engineering  point  of  view  "  formal  " 
enquiries  might  well  be  dispensed  with,  and  the  reports  issued 
restricted  to  "  preliminary  "  enquiries  held  by  engineers  on 
the  Board  of  Trade  staff -    Some  of  the  most  valuable  reports 
that  have  been  issued  have,  in  fact,  ]je*&n  of  this  kind.  The 
chief  advantage  of  formal  enquiries  is  that  the'  Commissioners 
who  hold  them  have  the  power  to  inflict  all  or  a  portion  of  the 
costs  of  such  enquiry  upon  defaulting  parties,  and  thus  secure 
a  publicity  and  exercise  a  salutary  influence  on  boiler  owners 
and  inspectors  generally    which  the  engineer  who  holds  the 
' ' preliminary  "  enquiry  can  not,  since  he  does  not  possess 
this  power,  and  how  far  it  would  be  desirable  for  this  to  be 
delegated  to  one  man,  a  Board  of  Trade  official,  as  suggested 
by    Mr.    Stromeyer,  is  a  question  on  which  there  may  be 
different  opinions.    We  quite  agree  with  him,  however,  that 
the  engineers  who  hold  enquiries  into  boiler  failures  should 
have  had  a  good  scientific  training,  and  that  investigators 
.should  be  limited  to  one  or  two  men,  so  that  they  may  become 
experts,  and  in  this  way  realise  as  far  as  possible  the  oppor- 
tunity for  acquiring   the    special   information  which  such 
enquiries  provide.    The  engineer  Commissioner  at  any  formal 
enquiries  should  be  one  of  this  select  staff,  and  notwithstand- 
ing all  the  traditions  of  the  legal  profession  he  should  be  pre- 
sident of  the  court  seeing  that  the  questions  presented  are 
technical  rather  than    legal.     The     authors  of  the  Boiler 
Explosions  Act,  we  may  add,  and  we  speak  from  personal 
knowledge,  desired  to  make  this  arrangement,  and  the  sub- 
stitution of  a  lawyer  for  an  engineer  was  only  done  to  allay 
the    opposition  which    they    were    authoritatively  informed 
wliou  the  Act  was  passing  through  Parliament  would  inevi- 
tably be  raised  if  this  sop  was  not  oflered  to  the  legal  fra- 
ternity in  the    House    of    Commons.      The    incident  was 


illuminating  at  the  time,  and  is  not  without  interest  at  the 
present  moment  when  legislation  bearing  on  technical  matters 
is  brought  forward. 

There  are  two  other  points  in  connection  with  these  Board 
of  Trade  Reports  to  which  Mr.  Stromeyer  did  not  refer,  but 
to  which  we  should  like  to  call  attention.  One  is  tlie 
whimsical  manner,  or  so  it  seems  to  outsiders,  in  which  cases 
are  selected  for  which  formal  enquiries  are  ordered.  The 
intention  of  the  authors  of  the  Boiler  Explosions  Act  was 
that  such  enquiries  should  be  held  whenever  flagrant  negli- 
gence or  recklessness  was  discovered  at  the  <(  preliminary  ，， 
enquiry,  so  that  the  formal  court  with  its  greater  powers  and 
publicity  might  inflict  pecuniary  punishment  and  more 
thoroughly  expose  defaults.  Now  it  appears  to  those 
who  are  familiar  with  the  subject  and  carefully  peruse  the 
reports  issued,  that  in  some  cases  in  which  "  preliminary 
enquiries  "  are  held  and  great  negligence  is  revealed,  no 
" formal  '，  enquiry  follows,  while  in  others  "  formal  en- 
quiries " are  held  when  it  seems  that  a  preliminary  ，'  would 
have  sufficed.  It  may  be  that  a  fuller  knowledge  of  the 
facts  would  cause  us  to  change  our  opinion,  but  we  may  add 
it  is  not  ours  alone,  and  the  irregularity  of  selection  almost 
suggests  that  it  is  sometimes  determined  rather  by  considera- 
tions of  personal  convenience  than  by  a  strict  reference  to 
the  importance  of  the  explosion.  The  second  point 
is  the  unreasonably  long  interval  that  often  elapses 
not  only  between  the  occurrence  of  an  explosion  and 
the  publication  of  the  report,  but  between  its  occurrence  and 
Hie  holding  of  the  "formal"  enquiry.  Take  one  of  the 
most  recent  reports,  formal  enquiry  No.  2,250,  referring 
to  the'  explosion  of  a  heating  apparatus,  as  a  sample.  The 
facts  of  the  case  were  very  simple,  and  yet,  although  the  ex- 
plosion occurred  on  February  14th  last  year,  the  formal  en- 
quiry with  regard  to  it  was  not  held  until  October  23rd, 
and  the  report  was  not  published  until  December.  What  is 
the  reason  for  this  delay  ？  Were  the  facts  very  difficult  to 
get  at  and  could  not  the  Board  of  Trade  make  up  its  mind  ？ 
Or  was  the  enquiry  deferred  to  suit  the  personal  convenience 
of  the  Commissioners  ？  We  can  certainly  find  no  justification 
for  these  lengthy  delays  in  the  report  itself,  and  in  its  absence 
the  public  have  a  right  to  complain. 


IMPROVEMENTS  IN  GEAR  CUTTING  MACHINES. 

Several  improvements  in  gear-cutting  machines  of  the  type 
in  which  cutting  tools,  operating  simultaneously  on  both  sides 
of  a  tooth,  are  reciprocated  on  automatically  adjusting  or 
opening  and  closing  guide  arms  in  lines  or  paths  always 
directed  towards  the  apex  of  tlie  pitch  cone  of  the  wheel,  have 
been  devised  and  patented  by  Messrs.  Smith  &  Coventry,  Ltd., 
Gresley  Ironworks,  Sal  ford.  They  comprise  the  combination 
with  the  guide  arms  on  which  the  cutting  tools  are  recip- 
rocated, of  a  dummy  or  former,  having  two  surfaces  of  cor- 
rect configuration,  adapted  to  act  upon  the  guide  arms  and  to 
be  traversed  through  an  adjustable  distance. 

Fig.  1  is  a  front  elevation  and  Fig.  2  an  end  elevation  of 
part  of  a  gear-cutting  machine  embodying  the  improvements. 
The  guide  arms  A  in  which  the  tool  slides  are  traversed  are 
arranged  in  the  usual  manner  and  are  pivoted  about  a  point 
which  is  the  apex  of  the  pitch  cone  of  the  bevel  wheels  being 
cut.  Each  of  these  arms  has  a  slot  B  therein  at  its  free  end 
and  ； i  sc;ilo  t  heroon,  a  bracket  C  bein^  ad apted  to  be  fixed  in 
the  slot  at  a  certain  position  indicated  on  the  scale  according 
ii)  tlio  jtitrh  of  tlic  wheel  being  cut.  Earh  l>racket  carries 
a  roller  D  which  bears  upon  a  surface  of  involute  configura- 
tion of  a  dummy  or  former  E.  Thus  one  roller  bears  upon 
the  upper  and  one  upon  the  lower  side  of  the  former.  The 
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latter  is  moimted  upon  a  slide  F,  which  is  traversed  or  ri'('ii>r() 
cated  by  means  of  the  qiiadniiit  G  ('()mie(，tiiig  nn\  II  ； iml  ； tri'i 
J,  which  synchronise  in  their  movements  with  tli"  feed  move- 
ments given  to  the  blank  during  tlie  cutting  o|ktm1  ifjns. 
The  rate  of  movement  and  letigtli  of  traverse  t  lie  >\\(\r  F 
n»ay  he  adjusted  l>y  varying  the  posii  iuti  tin1  ('ml  of  ilie  rod 
l 丄 in  the  arm  J  so  that  the  rollers  1)  may  traverse  a  greater 


Fig.  1.  Fig.  2. 

Improvements  in  Gkah-cutting  Maciiinj.s. 


or  less  portion  of  the  former  surface  during  the  cutting  of  a 
complete  tooth  and  thus  the  angular  distance  through  which 
the  guide  arms  A  are  moved  be  increased  or  diminished  to 
suit  the  pitch  of  tooth  and  its  corresponding  curvature. 

In  operation,  when,  for  example,  a  mitre  wheel  of  a  cer- 
tain tooth  pitch  is  being  cut,  the  blank  axis  is  set  at  an  angle 
of  45°  to  tlie  path  of  the  cutting  tools.  The  feeler  brackets 
C  in  the  guide  arms  A  are  adjusted  in  position  to  suit  t  In.1 
tooth  pitch,  and  the  rollers  D  each  contact  with  the  former 
at  a  point  on  the  pitch  line  of  the  dummy.  The  parts  being 
now  locked  in  position,  all  movements  of  the  blank  saddle  are 
comniuiiicated  to  the  former.  To  provide  for  the  correct  for- 
mation of  teeth  in  bevels  of  varying  angles,  the  distance 
through  which  the  former  E  is  traversed  during  each  stroke 
of  the  cutting  tools  is  adjusted  so  that  a  more  or  less  extended 
portion  of  the  former  is  traver&ed  by  the  rollers  contacting 
therewith.  This  arrangement  provides  for  a  variation  in  the 
total  angular  movement  imparted  to  the  guide  arms  A  and 
therefore  a  variation  in  tlie  starting  and  finishing  positions  of 
the  cutting  tool  in  the  involute  path.  A  counterweight  \\T 
is  provided,  which  tends  to  press  the  lower  feeler  bracket  C 
u])\vards.  The  effective  weiglit  of  this  counterweight  is  made 
twice  the  weight  of  bracket  C  and  roller  D  thereon.  Thus 
when  the  two  brackets  are  freed  from  the  guide  arms  A  for 
setting  purposes,  the  pressure  of  the  upper  bracket  upon  the 
former  will  be  exactly  the  same  as  the  pressure  of  the  lower 
bracket  thereon.  The  guide  arms  A  are  balanced  against  one 
another  by  means  of  a  steel  baud  K，  and  when  the  machine 
iy  in  operation  the  two  brackets  balance  one  another,  the  pres- 
sure upon  the  two  surfaces  of  the  former  E  being  that  of 
tlie  counterweight  W  only.  An  adjustable  spring  is  pre- 
ferably provided  whereby  the  one  guide  arm  is  caused  to 
counterbalance  the  other,  so  as  to  allow  for  variations  in 
length  due  to  expansion  or  contraction,  and  to  give  equal 
pressure  upon  the  two  sides  of  the  former.  With  the 
arrangement  described  bevel  gears  of  any  angle  or  ratio  can 
be  accurately  cut,  and  likewise  by  varying  the  shape  of  the 
former,  teeth  liaviti^  different  pressure  angles  of  any  ratio 
can  he  generated.  Furtlior,  as  the  former  is  t  ravorsrd  liv 
ropvi'ig  rollers  1)，  the  cutting  operation  1'iav  be  accurately 
performed  by  roimd-nosed  tools  having  a  radius  proportional 
to  the  radius  of  the  copying  rollers  and  to  the  distance  of 
the  tool  from  the  apex  of  the  pitch  cone  when  cutting. 


PRODUCING  A  BLACK,  RUST  PROOF  COATING  ON  IRON 
AND  STEEL 

A  modification  of  the  liower  Barff  process  for  producing  a 
Ijlack,  rust-proo i'  roatin^  on  iron  or  ""'  I  I"'  nmitlv 
patented  hy  Williain  R.  Swan,  of  the  IJoiitempi  Hust-l'rooiin^ 
Company,  of  JJridgeport,  Conn.  With  this  process  it  is 
claimed  that  a  permanent  black  finisli  is  pr(Ml"(<-'l  on  iro;i 
and  steel  which  is  rust-resisting  under  various  atmo"|》l"'r"; 
conditions  and  tlie  ordinary  conditions  of  use  ；  and  f  ui  t  li<*r 
that  the  process  does  not  require  numerous  and  repeated  treat- 
ments of  the  metal,  only  a  few  minutes  of  time  being  ex- 
pended, whereas  those  processes  now  in  common  use  require 
from  two  to  eight  hours.  The  apparatus  for  carrying  out 
the  process  comprises  a  muffle  furnace  and  a  superheater,  and 
is  shown  in  vertical  section  in  the  accompanying  illustration. 
The  iron  or  steel  articles  upon  which  it  is  desired  to  produce 
the  permanent  black  finish  are  first  placed  in  the  muffle  fur- 
nace, together  with  a  quantity  of  copper  sulphate,  sal- 
ammoniac  or  aluminium  chloride,  tannin,  and  glucose.  Tliese 
materials  m ay  be  placed  in  the  furnace  in  any  manner,  as  a 
mixture  in  a  single  tray,  and  any  suitable  proportion  of 
them  may  b©  employed.  The  inventor  lias  found  by 
experiment  that  the  materials  can  be  advantageously  used 


Muffle  and  Superheater  for  Producing  Black  Finish  on  Iron  ob  Steel. 

in  an  ordinary  muffle  furnace  in  the  following  proportions  ： 
Copper  sulphate  five -sixth  part,  sal-ammoniac  one-thirty-sixth 
part,  tannin  one-eighteenth  part,  glucose  one-twelfth  part. 

The  iron  or  steel  articles,  together  with  the  mixture, 
which  have  been  placed  in  the  muffle  furnace,  are  heated  to 
about  1,050°  Fall,  and  superheated  steam  injected  into  the 
furnace  for  a  period  of  about  30  min.  The  steam  for  this 
purpose  may  be  drawn  from  an  ordinary  water  steam  boiler 
at  about  51bs.  pressure  and  superheated  in  any  convenient 
manner.  After  the  iron  and  steel  articles  have  thus  been 
heated  in  the  muffle  furnace  and  subjected  to  the  action  of 
superheated  steam  in  the  presence  of  the  mixture  they  are 
withdrawn  from  th©  furnace  and  permitted  to  cool,  after 
which  they  are  submerged  in  paraffin  oil  which  has  been 
heated  to  a  temperature  of  about  150°  Fah.  The  articles 
which  have  thus  been  treated  are  permitted  to  dry  by  ex- 
posure to  the  air,  and  a  dead  b】ack  rust-resisting  coating  is 
thereby  provided.  The  pores  of  the  metal  will  be  opened  up 
as  it  expands  under  the  action  of  the  heat,  and  this  dead 
black  rust-resisting  coating  will  penetrate  into  the.  metal  as 
far  as  this  opening  up  of  the  pores  will  permit.  The  copper 
sulpliate  is  a  metallic  salt,  and  apparently  forms  the  base 
on  the  metal  which  resists  the  rust,  the  other  materials  pro- 
ducing the  finish  which,  with  the  warmed  paraffin  oil,  gives 
the  dead  black  desired.  Should  a  heavier  coating  be  desired, 
tliis  can  be  obtained  by  a  repetition  of  the  process,  although 
this  is  ordinarily  not  neoessaiy.  It  is  not  absolutely  neces- 
sary to  use  tannin  as  an  ingredient  of  the  compound,  and 
the  tannin  may  be  entirely  omitted,  if  desired,  although  it 
has  been  found  that  a  somewhat  better  finish  i:;  obtaineti 
where  this  ingredient  is  used. 


The  Institution  of  Electrical  Engineers.  -  A  mwtmir  ('t  this 
Institution  will  he  held  at  Victoria  Embankment,  London, 
W.C.，  on  Thursday,  the  12th  inst.,  when  a  paper  on  *•  Some 
Railway  Conditions  Governing  Electrification,"  bv  Mr.  Roger 
T.  Smith  (member),  will  be  read  and  discussed. 
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POWER  PRODUCTION  IN  THE  UNITED  KINGDOM.* 

BY  EDWARD  G.  HILLER.,  M.I.C.E.,  M.I.M.E. 

(Continued  from  page  lOi.) 
In  the  iron  and  steel  industries  the  coal  consuniptiou  esti- 
mates are:  1903,  28  million  tons  ；  1911,  32'1  million  tons. 
Both  blastfurnaces  and. all  iron  and  steel  works  are  included, 
and  the  estimate  of  the  fuel  covers  that  for  heating  and  for 
the  production  of  power.  In  past  years  this  industry  lia:;  not 
been  one  of  the  centres  of  highest  economy  in  power  produc- 
tion, the  use  of  non-condensing  engines  being  common, 
accompanied  by  low  efficiency  economically  in  the  auxiliary 
steam  plant,  also  in  some  cases  boilers  of  the  oldest]  types 
were  retained  in  use.  Thus,  up  to  a  few  years  ago,  the  cylin- 
drical externally-fired  boiler  still  continued  in  use  in  iron- 
works long  after  it  had  become  obsolete  in  textile  factories, 
and  the  like.  In  British  ironworks  to-day  a  strong  move- 
ment towards  economy  of  fuel  is  to  be  noted.  This  movement 
is  generally  on  the  lines  of  higher  steam  pressures,  together 
with  the  use  of  compound  engines  and  condensing  wherever 
possible.  The  movement  is  combined  with  a  more  efficient  utili- 
sation of  the  heat  of  blastfurnace  gas.  Blastfurnace  gas, 
when  properly  cleaned,  is  very  suitable  for  gas  engines,  and 
on  the  Continent  of  Europe,  as  well  as  in  the  United  States 
of  America,  it  has  beeu  largely  adopted.  In  this  country 
its  adoption  in  old  works  has  been  on  a  limited  scale,  so  far 
as  the  driving  of  gas  engines  is  concerned. 

In  new  works,  however,  this  method  of  utilising  the  blast- 
furnace gas  is  being  more  generally  adopted.  Considerations 
of  capital,  of  course,  enter  into  these  matters,  and  while  one 
method  of  economical  power  production  may  pay  very  well 
in  a  new  works,  different  financial  items  affect  the  question 
of  its  adoption  in  old  works.  In  old  ironworks  economy 
has  been  more  generally  sought  for  on  the  lines  of  low- 
are  turbines,  utilising  tho  exhaust  ^team  of  the  engines, 
combined  with  central  electric  stations  for  driving  the  auxi- 
liaries, the  central  stations  in  some  cases  being  driven  by 
blastfurnace  or  other  available  gas,  and  in  other  cases  by 
steam.  The  large  slow-moving  gas  engines  of  1,000  i.h.p. 
and  upwards,  nearly  all  of  German  design,  seem  to  have  been 
much  improved  by  experience,  and  now  appear  to  operate 
satisfactorily,  but  the  capital  cost,  ruml)ined  w  ith  the  ex- 
panse of  the  necessary  gas  purilica tion  plant,  is  heavy,  which 
militates  against  their  general  adoption,  particularly  in  old 
works. 

The  amount  of  fuel  usctl  in  gasworks,  according  to 
official  iigures,  was  in  1903  15  million  tons,  and  in  1  \)  1 1 
15*4  million  tons.  This  is  the  amount  of  coal  carbonised 
producing  combustible  gas  and  coke.  The  estimate  for 
domestic  consumption  was  ：  1903,  32  million  tons  ；  1911,  34*3 
million  terns.  Although  not  directly  connected  with  power, 
it  is  necessary  to  take  account  of  the  enormous  domestic  con- 
sumption, which  forms  so  large  a  proportion  of  the  total 
annual  consumption  of  coal  in  this  country.  This  particular 
item  represents  the  least  efficient  of  all  the  ways  in  whicli  the 
energy  of  coal  is  utilised.  The  flickering,  moving,  glowing, 
open  fire  is  a  costly  luxury.  It  is  pleasant  to  look  at,  and  it 
ventilates  rooms,  but  it  is  very  expensive  in  the  effective  heat 
units  utilised  in  heating  the  room,  and  it  is  a  method  of  heat- 
ing which  could  only  be  practicable  in  a  country  where  coal 
is  relatively  cheap.  Probably  the  amount  of  coal  used  for 
domestic  purposes  will  vary  more  with  the  variation  of 
weatlier  and  season  than  is  the  case  with  the  industrial  uses 
of  coal.  A  hard  winter  will  mean  increased  use  of  coal  for 
clomestir  lic;iting,  while  mild  weather  will  result  in  a  reduced 
consumption  for  thL、'  purpose. 

In  past  years  there  was  no  information  of  a  definite 
character  available  in  reference  to  the  total  power  produc- 
tion of  this  country.  This  condition  of  affairs  does  not  now 
obtain,  as  information  of  a  definite  character  was  obtained  by 
the  census  of  production  (1907)，  and  is  now  available.  An- 
other census  of  a  similar  nature  is  being  carried  through  in 
relation  to  the  year  1912.  The  figures  given  in  the  final 
report  of  the  first  cansus  of  production  of  the  United  King- 
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dom  (1907)  show  a  total  horse-power  of  10,578,475.  (See 
Fig.  3  and  Table  I.)  These  figures  relate  to  the  capacity 
of  the  engines  measured  by  the  horse-power  which  the  en- 
gines were  built  to  produce,  or  in  those  cases  where  the 
engines  were  indicated,  the  indicated  horse-power  at  full  load. 

It  would  appear  that  of  the  total  horse-power  stated,  about 
one-quarter  of  this  capacity  is  used  for  driving  dynamcr,  for 
the  production  of  electrical  energy,  and  about  three-quarters 
of  the  total  for  driving  machinery  directly.  Of  the  electricity 
generated,  about  two-thirds  was  generated  in  electric  li^lit 
and  power  stations,  the  remainder  being  produced  by  the 
users,  the  largest  output  being  that  of  the  iron  and  steel 
trades,  which  generated  rather  les.-  tlian  a  quarter  of  the 
total.  A  copy  of  the  figures  for  the  year  1907  in  the  census 
of  production  is  given  in  Table  I.  This  table  embodies  in- 
teresting information  both  as  regards  the  types  of  engines  and 
other  power  producers  in  use,  and  the  nature  of  the  indus- 
tries in  which  they  are  employed.  It  will  be  seen  that 
reciprocating  steam  engines  in  1907  prcHuced  about  nine- 
tenths  of  the  power,  namely,  9,1 18,818  h.]).,  out  of  a  total  of 
10,578,475  h.j).  Steam  turbines'  at  that  time  generated,  or 
were  installed,  of  a  capacity  equal  to  530,892  h.p.,  say,  half 
a  million  horse-power.  The  bulk  of  these  turbines  were  in 
works  included  under  the  heading  "  public  utility  service," 
mainly  electric  supply  undertakings.  Internal-combustion 
engines,  including  both  oil  and  gas  engines,  accounted  for  a 
total  of  680,177  h.]>.  The  trades  utilising  these  engines  to 
the  greatest  extent  were  the  iron  and  steel,  engineering,  and 
shipbuilding  trades.  No  doubt  the  large  gas  engines,  using 
blastfurnace  gas?  and  the  like,  constitute  a  large  proportion 
of  this  power.  Apparently  in  the  iron  and  steel  rind  similar 
trades  the  total  power  capacity  of  internal -combustion  en- 
gines is  ； iboiit  10  per  cent,  of  the  total  steam  engine  power 
capacity  in  those  trades.  The  total  wnter  power  returned 
amounted  to  177,907  h.p.,  or  al>out  1  per  cent,  of  the  total 
power  capacity. 

From  the  estimales  illustrated  l>y  Fig.  2  and  a  comparisfjti 
of  the  figures  with  those  on  Fig.  3  and  Table  T.，  an  approxi- 
m;il  ：'  idea  may  be  obla \nv- 1  of  the  total  amount  of  coal  used 
in  the  United  Kingdom  for  power  purposes.  The  total  stca in 
power  of  industry  in  tlie  United  Kingdom  for  1 907  i-s  shown 
;it  9， (； 49,710  i.h.p.  Probably  for  the  year  1911，  referred  to  on 
Ficr.  2，  10,0(.)0,0()0  i.h.p.  for  the  United  Kingdom  will  be  a 
fair  estimate  of  the  capacity  of  steam  power  in  use.  On  the 
a^suni[>tiun  that  this  conl  is  utilised  in  steam  cMigines  using 
on  the  average  Gibs,  of  coal  per  indicated  horse-power  per 
hour  and  working  2,500  liourr>  a  year,  this  would  be  equal 
to  67  tons  per  indicated  horse-power  per  annum,  and  f&r 
10,000,000  li.p.  at  this  rate  67  million  tons  woul  J  be  absorbed. 
The  estimated  amounts  used  tor  power  purjjoses  are  included 
iii  Fig.  2.    The  figures  given  are  ： ― 

Million  tons. 


1911. 

Factories   .'   60.7 

Mines   20*5 

Iron  and  steel  industries    321 

( )ther  metal  industries    1*1 

Bricks,  chemicals,  &c   5  7 


Total    120-1 


On  the  basis  of  the  foregoing  approximate  calculation  it 
would  appear  that  of  this  120*1  million  tons  of  coal,  from  GO 
to  70  million  tons  per  annum,  or  ratlier  more  than  half,  were 
used  for  the  production  of  power  in  the  principal  industries 
of  the  country. 

Power  is  one  of  the  most  diweussed  elements  of  the  various 
industries.  This  is  probably  because  mechanical  power  is  one 
feature  which  the  industries  have  in  coiniroii.  Mechanical 
power  is  indeed  important  to  each  industry,  but  in  pai'tiru 
lar  industries  the  efficiency  of  the  processes  or  niacliines  pecu- 
liar to  the  industry  in  question  is  often  of  more  importance 
financially.  The  cash  importance  of  the  economies  of  power 
production  varies  in  different  industries.  It'  nieclianical 
power  costs  10  per  cent,  of  the  total  cost  of  production  in 
any  industry,  then  a  saving  of  10  per  cant  in  the  cost  of 
power  will  amount  to  1  per  cent,  of  the  total  cost  of  pro- 
duction.   The  value  of  the  output  of  industry  in  the  United 
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Kingdom  census  of  production  (1907)  was  1,574  million 
pounds.  The  power  used  for  this  was  abdut  10  niillion  1h>i>c 
power.  On  the  basis  of  6  7  tons  of  coal  |>cr  Itorse-power  per 
annum,  and  12s.  per  (on  of  coal,  this  would  cost  £4  per 
horse-power  per  ainuun,  ()r  1()  million  pomids  !>('r  aimuni  for 
the  10  million  horse-power.  Forty  nnllioii  pounds  is  2\  por 
cent  of  the  total  production  of  1,574  million  pounds,  so  that 
between  2  and  -3  per  cent,  would  appear  to  be  the  approxi- 
mate average  importance  to  indu-try  of  the  fuel  cost  of  power 
production. 

As  shown  on  Fig.  3  and  Table'  I.，  the  great  bulk  of  the 
power  in  the  United  Kingdom  is  generated  by  steam  boilers 
and  steam  engines  of  various  kinds.  No  ofHcial  figures  ； ire 
available  giving  the  total  number  of  boilers  in  this  country. 
From  a  consideral ion  of  the  various  estimates  wliicli  vc 
been  made  from  time  to  time  and  from  liis  own  experience, 
(he  author  estimates  that  there  are  in  the  United  Kingdom 
] ()(),()()()  steam  generat  ing  boilers  apai  t  i'rom  railway  locoino- 
livcs,  of  which  in  1911  there  were  22,874.  As  the  indu:  1  ri^s 
of  the  country  steadily  increase  in  output  and  in  power  re- 
quirements, so  tlie  total  power  developed  tends  to  increase. 
This  iialurally  would  call  for  an  inci-easod  mmil'cr  of  steam 
boilers,  l>ut  this  londenry  to  increase  is,  to  some  ox t  'Mil , 
cliecked  by  the  fact  that  j>art  oi'  the  increase  of  power  is  pro- 
vided 1>y  gas  engines,  oil  engines,  and  the  like  ；  also'  by  the 
fact,  that  new  boilers  when  put 


this  country.  1 1  is  a  very  clieap  form  oi'  、l'';im  y"it'rat«r  to 
jjroduce,  but  it  is  subject  to  serious  risks  in  working  :  '  ',ii、'' 
(juently  in  the  United  Kingdom  all  the  influences,  surh  as 
the  advice  of  the  boiler  insurance  companies,  liavc 
u^aiust  this  particular  type,  and  have,  no  doubt,  checked  or 
prevented  its  wide  introduction.  Tlie  proportions  of  this 
class  of  boiler  do  not  exceed  1'5  per  cent.,  and  they  ai *•  in- 
cluded with  other  types  under  heading  (//). 

In  reference  to  some  of  the  figures,  it  is  to  he  noted  tliat 
the  conclusions  are  subject  to  the  consideration  as  to  what 
extent  the  particular  class  of  boiler  was  insured  at  tlie  various 
periods.  If  the  same  proportions  of  boilers  were  insured  ； it 
each  period,  then,  of  course,  the  figures  will  be  relatively 
correct  as  representing  the  whole  of  the  country.  In  the 
case,  however,  of  vertical  boilers,  heading  (^),  there  is  no 
doubt  that  an  increasing  ii umber  have  come  under  the  in- 
spection of  the  insurance  companies  in  recent  years  owiu^ 
to  the  operation  of  legislation,  and  the  figures  are  rather  an 
indication  o(  this  fact  than  of  a  general  increase  in  the  use 
of  this  type. 

The  Lancashire  boiler  is  tlie  staitdard  type  of  boiler,  and 
lias  its  home  and  origin  in  the  Lancashire  district.  It  is  still 
the  standard  boiler  for  driving  the  textile  factories  of  Lan- 
casliire  and  Yorkshire,  and  is  also  largely  used  in  collieries, 


down  are  generally  of  greater 
power  than  the1  old  ones,  so 
that  a  le.ss  number  of  boilers 
do  tlie  same  amount  of  work. 
Furtlier,  by  increased  econo- 
mies in  the  utilisation  of  fuel,  w RA5TRICK | 
a  smaller  number  of  boilers 
will  do  the  same  work.  On 
the  wliole,  the're'foi'e',  even 
with  an  increasing  industrial 
output,  the  tendency  to 
increase  in  the  total  number 
of  boilers  will  be  materially 
checked. 

Fig.  4  shows  an  estimate 
of  the  proportion  of  different 
types  of  boilers  in  use  in  the 
United  Kingdom.  The  figures 
therei  shown  have  been  ob- 
tained from  a  classification  of 
Hie  types  of  boilers  insured 
with  thei  National  Boiler  and 
General  Insurance;  Company, 
Ltd. ,  at  the  periods-  marked  at 
the  head  of  each  coJunm. 
These  figures  give  an  approxi- 
mate idea  of  the  proportions 
in  which  the  boilers  of  the 
different  classes  exist  in  tlie 


368- 


PERCENTAGES 
1902 

X 


LANCASHIRE 


1895 


1902 


、-」 

> 

XJJ 

1    .  1  a 

1 


Fig. 


Coniparibou  of  the  numbers  of  ditTerent  types  of  boilers  in  the  United  Kingdom,  bastjcl  on  the  numbers  of  boil' i 
insured  in  1895,  190J,  and  1913  with  the  National  Boiler  uud  General  Insuraoce  Coinpauy. 


country,  and  also  afford  some  indication  of  the  changes  which 
ai'c、  taking  ]>lace  in  the  proportions  of  boilers  in  use  owing  to 
various  causes. 

The  types  of  steam  generating  boilers  in  use  in  this  coun- 
try are  generally  less  varied  than  is  the  case  in  some  foreign 
countries.  For  instance,  on  tlie  Continent  of  Europe,  the 
variety  of  types  of  boilers  and  combinations  of  different  types, 
such  as  combined  cylindrical  and  multitubular,  combined 
multitubular  and  water-tube,  and  so  on,  is  much  greater 
than  in  this  country.  The  general  tendency  in  the  United 
Kingdom  has  been  towards  a  simplification  of  type  ；  thus  the 
Lancashire  boiler  in  earlier  years  was  varied  with  all  kinds 
of  arrangements  of  crobs  tubes  and  the  like  in  the  flue  tubes, 
an<_l  provided  with  contrivances  for  circulation,  and  in  Hie 
course  of  years  many  experiments  of  variation  o^  form  were 
made.  These  variations  have  been  dropped,  and  the  present 
tendency  is  to  adopt  a  simple  form  of  boiler  as  indicated  at 
(〃) on  Fig.  4，  with  plain  flue  tubes,  but  no  cross  tubes,  anv 
additional  heating  surface  required  being  supplied  l>v  a  super- 
heater  in  the  down-take,  together  with  an  econoniiser. 

It  is  notable  also  that  the  externally-fired  cylindrical 
multitubular  boiler,  the  standard  low-pressure  boiler  of  tlte 
United  States,  has  never  obtained  any  substantial  footing  in 


ironworks,  and  factories  generally.  It  will  be  seen  that  tlie 
figures  show  ： —— 

1895  Lancashire  boilers  were  36*8  per  cent. 
1902  "       ,,    351   ，，  ，， 

1913  ，，  ，，       ，，    32*6  ，， ；, 

This  indicates  a  slight  relative  decrease  in  the  number  of 
boilers  of  this  class.  Up  to  a  few  years  ago,  this  boiler  was 
considered  the  standard  boiler  for  all  large  power  installa- 
tions, but  now  in  the  larger  electric  power  stations,  \、at  " 
tube  boilers  are  more  generally  adopted.  Tlie  latter  type  of 
boiler  admits  of  a  substantially  greater  power  being  placed 
on  the  same  floor  surface  as  compared  with  what  can  be  done 
with  the  Lancashire  boiler,  and  where  good  water  is  avail- 
able the  general  tendency  towards  compactness  in  power 
stations  results  in  the  preference  for  the  water-tube  boiler. 

The  Lancashire  boiler  reached  its  present  form  of  design 
some  years  ago,  and  niodern  improvements  have  been  ouly  in 
the  direction  of  details  of  construction.  Up  to  pressures  (>t 
1  GOlbs.  it  is  a  very  satisfactory  boiler  for  factories  with  ordi- 
nary classes  of  feed  water.  As  pressures  increase  above 
this,  difficulties  of  design  and  construction  arise.  The  thick 
plates  which  it  is  necessary  to  adopt  for  high  pressures  tend 
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to  stiffness  and  rigidity,  whilst  the  requirements  of  the  boiler 
are  in  the  direction  of  longitudinal  elasticity  to  allow  for  dif- 
ference of  expansion  of  the  shell  and  flue  tubes.  These  diffi- 
culties frequently  make  themselves  felt  by  leakages,  grooving 
and  fractures  about  the  furnace  connections  to  the  end  plates, 
and  such  difficulties  become  more  accentuated  as  pressures 
increase.  It  is  much  easier  to  design  a  water-tube  boiler  for  a 
hicrh  pressure,  such  as  2001bs.  or  2501bs.  per  square  inch,  than 
to  make  a  satisfactory  Lancashire  boiler  for  these  pressures. 
Movements  towards  high  pressures  therefore  tend  to  favour 
the  water-tube  boiler.  The  great  qualities  of  the  Lancashire 
boiler  which  have  given  it  its  pre-eminence  in  past  years  in 
all  ordinary  factories  throughout  the  country  are  its  sim- 
plicity and  durability,  also  its  suitability  for  working  with 
ordinary  attention  and  ordinary  feed  waters.  Although  in 
the  number  of  this  type  the  figures  show  a  relative  decrease, 
it  is  probable  that  the  total  power  of  this  type  of  boiler  has 
increased  over  the  period  covered  ；  thus  there  has  been  a 
gradual  increase  in  the  size  generally  adopted  for  new  boilers 
somewhat  as  indicated  below  ： ― 

Sizes  of  Lancashire  Boilers. 

1880-1890      …    Diameter  about  7ft.  Oin. 

Furnaces      ...    2ft.  9in. 

Grate    33  sq.  ft. 

1890-1900      ...    Diameter  about  8ft.  Oin 

Furnaces      …    3ft.  2in. 

Grate   37  sq.  ft. 

1900-1910      ...    Diameter  about  9ft.  Oin 

Furnace  diam.    3ft.  Tin. 

Grate    43  sq.  ft. 

The  maximum  size  of  Lancashire  boilers  is  determined  by 
the  maximum  which  can  be  carried  on  a  railway,  and  9ft. 
diam.  or  a  little  over  seems  to  reach  about  the  maximum 
dimensions  in  this  respect.  It  will  be  seen  from  the  foregoing 
figures  that  this  type  shows  a  large  relative  increase  in  power 
per  boiler  (as  measured  by  grate  surface)  for  the  new  boilers 
put  down.  It  is  to  be  observed,  however,  that  in  water-tube 
boilers  very  much  greater  increase  in  power  has  taken  place, 
thus:  In  1890  the  power  of  an  ordinary  new  water-tube  boiler 
would  be  about  equal  to  one  Lancashire  boiler,  with  an 
evaporation  of  5,0001bs.  or  6,0001bs.  of  water  per  hour, 
whereas  at  the  present  time  in  various  power  stations  new 
water-tube  boilers  are  put  down  equal  to  an  evaporation  of 
four  or  five  Lancashire  boilers,  evaporating,  say,  25,0001bs.  to 
30,0001bs.  of  water  per  hour. 

The  figures  for  Corni.sli  boilers  show  ： ~ - 

1895    Cornish  boilers  were  22'8  per  cent. 
1902  „         ，，         ，，    183   ，，  ，， 

1913  ，，         ，，         ，，    12-7   "  ，， 

This  shows  a  substantially  decreasing  proportion.  This 
type  of  boiler,  as  its  name  indicates,  was  first  introduced  in 
Cornwall  for  mining  purposes,  and  the  type  still  persists 
strongly  in  that  district,  where  batteries  of  a  number  of 
boilers  of  this  type  are  regularly  adopted.  In  other  parts  of 
the  country,  however,  such  batteries  or  groups  of  boilers  of 
this  class  are  seldom  met  with.  Where  larger  powers  are 
required,  generally  a  number  of  Lancashire  boilers  are  put 
down  rather  than  single-flued  or  Cornish  boilers,  and  the 
Cornish  boiler  is  generally  used  only  for  such  industries  where 
it  is  desired  to  have  an  internally-fired  boiler  of  less  power 
than  a  Lancashire  boiler.  The  general  proportion,  therefore, 
tends  to  decrease. 

The  figures  for  vertical  boilers  are: ― 

1895    16*5  per  cent 

1902    20-3    ，，  ，， 

1913   24-3    ，， ，， 

They  include  the  ordinary  vertical  boiler  with  cross  tubes 
in  the  furnace,  also  vertical  multitubular  boilers  of  various 
forms,  such  as  the  Cochran  boiler,  &c.  The  increase  shown 
by  the  figures  for  this  particular  type  is  in  some  respects 
unexpected,  for  it  is  well  known  in  small  industrie:;  in 

<  lie  larger  towns  in  which  small  vertical  boilers  previously 
were  largely  us^d  for  driving  small  engines  and  generally  for 
small  power  purposes,  the  places  of  these  small  vertical 
boilers  have  been  largely  taken  by  gas  engines  and  by  elec- 


tric motors  with  electricity  from  the  town's  supply.  This  par- 
ticular tendency  would  be  in  the  direction  of  a  decrease  of 
vertical  boilers.  On  the  other  hand,  steam  is  being  used  more 
generally  for  all  kinds  of  heating  purposes,  and  in  many  small 
industries  vertical  boilers  have  been  installed  for  this  purpose. 
Also  in  this  same  direction  of  an  increase  is  the  fact  that  a 
larger  proportion  of  these  boilers  have  come  under  inspection 
in  recent  years  owing  to  the  operation  of  legislation.  The 
i) umbers  on  the  whole  have  increased  in  such  industries  as 
dairies,  creameries,  laundries,  municipal  installations  such  as 
clisinfectors,  and  various  small  industries  where  steam  is  used 
for  heating.  In  addition,  the  Quarries  and  Mines  Act  has 
brought  a  larger  number  of  these  boilers  under  inspection. 
On  the  other  hand,  the  numbers  have  decreased  in  various 
industries  where  the  boilers  were  employed  for  tlie  produc- 
tion of  small  powers. 

The  figures  for  boilers  of  the  locomotive  type  are  ： ― 

1895    10'9  per  cent. 

. 190:2    14' 1    ，， ,， 

1913   18-6    ，， " 

These  figures  show  a  steady  increase.  They  do  not  cover 
locomotives  on  the  main  lines  of  the  railways,  but  include 
works  shunting  locomotives,  traction  engines,  road  rollers, 
steam  motor  wagons,  portable  locomotives  on  farms,  and  fixed 
locomotive  type  boilers.  The  locomotive  type  boiler  is  one  ol' 
the  most  remarkable  of  the  types  in  use.  Probably  if  it 
were  to-day  presented  for  the  first  time  nearly  all  engineer? 
of  experience  would  predict  that  owing  to  its  complexity  and 
rigidity  it  could  not  possibly  work1  satisfactorily.  It  has, 
however,  given  satisfaction  in  various  branches  of  industry 
and  has  become  practically  the  standard  type  of  movable 
boiler  on  land.  At  first  designed  for  railways,  it  continues 
practically  in  the  same  general  form  as  was  settled  upon 
many  years  ago.  For  a  long  time  it  was  the  only  type  in  use 
for  traction  engines,  road  rollers,  and  portable  engines,  and 
it  now  appears  to  be  the  predominant  type  adopted  for  steam 
wagons ― one  of  the  latest  and  most  vigorous  branches  of 
steam  power  development. 

For  many  years  the  portable  locomotive  steam  boiler  has 
been  the  leading  form  of  power  producer  for  farm  purposes. 
Steam  boilers  on  farms  are  used  intermittently,  and  tend  to 
deteriorate  from  this  cause,  and  they  are  not  generally  under 
competent  inspection.  In  recent  years  when  farm  boilers 
have  been  taken  out  owing  to  defects,  they  have  been  fre- 
quently replaced  by  oil  engines.  Whether,  on  the  whole, 
changes  of  this  kind  will  prove  permanent,  experience  alone 
can  demonstrate.  Each  of  the  two  types  of  power  produc- 
tion (steam  and  oil)  has  its  own  characteristic  advantages. 
Farm  boilers  have  never  come  under  general  inspection,  and, 
therefore,  their  contribution  to  the  figures  under  tliis  head- 
ing is  of  an  irregular  character.  The  other  classes  of  loco- 
motive boilers,  including  particularly  those  used  for  traction 
on  roads,  show  a  marked  increase.  The  general  qualities 
of  this  boiler  are  that  it  is  a  fairly  economical  boiler  and  is 
light  for  its  power.  The  locomotive  typ&  is  occasionally  to 
be  found  in  use  for  small  powers  as  a  fixed  boiler  It  is,  of 
course,  self-contained,  and  can  be  worked  without  any  ex- 
ternal brickwork  flues.  The  cojistruction  is，  however,  com- 
plex, and  careful  attention  to  operating,  water  level,  and  clean- 
ing is  essential,  and,  generally,  the  use  of  this  type  is  not 
advisable  as  a  fixed  boiler,  except  in  special  cases  where  the 
- qualities  of  this  boiler  are  particularly  adapted  to  the  condi- 
tions of  work. 

The  figures  for  the  Rastrick  type  of  boiler  are  ： ~ - 

1895   1*1 

1902   -8 

1913   -5 

a  diminishing  and  nearly  disappearing  quantity.  This  is 
the  iron  works  boiler  which  obtained  a  certain  vogue  in  some 
districts  some  years  ago  for  tlie  purpose  of  utilising  the  waste 
heat  of  gases  from  puddling  furnaces  and  the  like.  It  proved 
to  1>e  specially  adaptable  for  purposes  of  this  character,  hut 
is  Miltject  to  almoi'inal  risks  in  working.  It  is  inrliuled  under 
a  sj)ecial  lieading  in  Fig.  4，  not  because  of  its  mnnl)ers,  l、ut  in 
recognition  of  the  great  care  which  it  calls  for  on  the  part  of 
those  responsible  for  its  inspection  and  supervision.  The 
boiler  was  used  largely  with  puddling  and  re-Leatiug  fur- 
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naces.  Under  these  circumstances  the  external  shell  plates 
were  subject  to  the  direct  impact  of  gases  at  a  lii^h  "'mpera- 
ture,  leading  to  bulging,  leakage,  cracks,  and  wasting  of  t he 
plates  by  oxidation,  and,  in  some  cases,  sulphur  coi!ij)OH nds 
in  the  gases  caused  smooth  wasting,  which  was  very  d;f]icult 
to  detect.  1  n  other  cases  leakage  ran  down  the  plates  ； ind 
fostered  corrosion  under  the  brickwork,  and  always  1  litM*e  was 
the  objection  that  the  shell,  which  was  in  tension,  was  highly 
heated. 

The  one  advantage  of  this  tyj)e  of  boiler  was  its  con- 
venience as  a  working  madiine  ;  on  the  other  hand,  it  was 
full  of  disadvantages  from  the  point  of  view  of  safety,  and 
to-day  new  boilers  of  this  type  are  seldom  put  down.  For 
the  purpose  of  utilising  gases  fro  in  re-lieatin^  furnace:;  and 
the  like,  water- tube  boilers  have  been  largely  adopted,  aUo 
vertical  nuiltitul)ular  boilers,  such  as  those  made  by  Ccchran, 
Davey's,  and  others.  These  types  are  much  more  salist'm'")rv 
than  the  llastrick  type  from  the  point  of  view  of  safety,  and 
lend  themselves  well  to  the  arrangement  of  furnace  connec- 
tions. Also,  two-flued  and  tliree-fiued  liorizontal  l)()ilers  have 
been  used  for  this  purpose,  and  all  of  these  are  preferable  to 
the  Rastrick  type. 

The  figures  for  plain  cylindrical  boilers  are:  — 

1895    67 

1902    3'9 

1913    2'3 

This  type  is  a  rapidly  decreasing  one.  It  was  one  of  the 
earliest,  as  it  is  one  of  the  simplest  forms  of  steam  boiler. 
Generally  its  disadvantage  is  that  it  is  short  of  heating  sur- 
face, and  the  external  shell,  being  heated,  is  liable  to  various 
kinds  of  defects  arising  from  differences  of  expansion,  con- 
traction, and  the  like.  To  overcome  the  deficiency  of  heating 
surface  in  the  old  days,  increased  length  was  adopted,  and 
with  boilers  5ft.  6in.  diam"  lengths  of  50ft.  to  70ft.  were 
reached.  This  great  length  led  to  defects  and  explosions 
owing  to  rip  at  the  ring  seam.  Owing  largely  to  the  general 
realisation  of  the  insecurity  of  this  type  in  the  long  form 
it  has  become  obsolete,  and  very  few  new  boilers  of  this 
description  are  now  being  made. 

The  figures  for  the  water-tube  boiler  are  ： ― 

1895    1'8  per  cent. 

1902    3'5    ，，  ，， 

1913    53    ，， ，， 

These  figures  show  an  increasing  proportion  in  point  of 
munbers.  If  the  figures  referred  to  growth  of  power,  the 
increase  shown  would  be  considerably  more,  because  as  before 
mentioned,  many  of  the  new  water-tube  boilers  which  count 
only  as  one  boiler  have  rated  evaporations  equal  to  several 
Lancashire  boilers.  The  water-tube  boiler  on  its  introduc- 
tion here  about  30  years  ago  was  regarded  as  an  uiulesirable 
class,  and  certainly  the  forms  such  as  the  Howard  boiler  were 
not  satisfactory  in  working.  The  Babcock  &  Wilcox  type, 
liowever,  after  introduction  into  this  country,  was  much  im- 
proved in  detail,  and  proved  to  have  very  advantageous 
(|iialities  in  many  respects,  and  other  successful  types  such  as 
the  Stirling  boiler,  the  Woodeson,  and  other  varieties  have 
since  been  produced  commercially.  The  water-tube  type  has 
shown  in  recent  years  more  life  and  movement  in  the  produc- 
tion of  variety  and  type  than  other  boilers  which  arc- 
generally  adopted  for  the  production  of  power  on  land. 

An  important  feature  of  this  type  is  the  facility  of  design 
for  higli  pressures.  Lancashire  and  Cornish  boilers  of,  say, 
l(501bs.  per  square  inch,  become  very  stiff  owing  to  the  thick- 
ness of  the  plates  which  it  is  generally  necessary  to  adopt  to 
meet  the  requirements  of  the  】iigh  pressure,  whereas,  on  the 
other  hand,  water-tube  boilers  with  smaller  diameter  drums 
and  small  tubes  are  easily  made  suitable  for  high  pressures, 
without  involving  the  use  of  such  thick  plates.  Also,  tlie 
water-tube  boiler  lends  itself  very  well  to  the  planning  of 
large  powers  on  a  limited  area,  making  it  practicable  to 
cover  a  large  proportion  of  the  floor  wifli  "mi;"r,  and 
obtai"  i'urther  heating  surface  requirtnl  hv  vertical  <inlarge- 
iiieut  of  the  boiler,  thus  enabling  a  considerably  greater 
boiler  power  to  be  installed  on  a  given  iloor  space  than  is 
practicable  with  the  Lancashire  boiler. 


In  the  early  days  tlierfe  was  considerable  (.-oinpetition 
between  tlie  Lancashire  type  of  boik'r  and  the  water-tube 
type,  botli  as  regards  the  power  development  in  large  electric 
stations,  and  also  in  icxtile  and  similar  factories.  The  re- 
sult of  this  stru^^le  tor  position  is  tliai  in  flic  lary  Hf'rfrif- 
power  stations  the  use  of  the  water-tube  boiler  is  general,  and 
ill  the  textile  and  similar  factories  the  Lancashire  boiler  lias 
n't;tiii('(l  its  position.  Water  tube  boilers  liave  also  been 
l^ii  ^cly  applied  to  utilisation  of  the  heat  of  ga,ses  from  re- 
heating furnaces,  and  the  like.  One  special  feature  of  this 
boiler  is  that  a  good  feed  water  is  required.  Dirty  feed  water 
soon  leads  to  serious  results  owing  to  the  small  tubes,  and  in 
the  early  days  of  the  use  of  this  boiler,  many  cases  of  over- 
heating due  to  this  cause  occurred.  Corrosive  water  also  is 
very  objectionable  in  such  small  tubes. 

Pressures  have  increased  as  the  result  of  the  search  for 
economy.  The  advantage  of  utilising  steam  at  higli  pre、、m'' 
was  recognised  at  a  very  early  stage  by  Trevithick,  wlio  con- 
structed boilers  to  work  at  high  pressures,  but  owing  to  the 
imperfection  of  l>oiIer  materials  tlien  available  and  other 
difficulties  in  connection  with  the  utilisation  of  the  steam, 
the  experiment  failed.  The  adoption  of  higher  pressures  was 
niade  practicable  as  improvements  were  made  in  materials 
and  workmanship,  and  the  increase  in  the  maximum  work- 
ing pressures  of  steam  boilers  has  been  in  the  nature  of  a 
gradual  increase  extending  over  many  years.  Considerations 
of  economy  in  fuel  have  generally  tended  to  encourage  such 
increase,  while  increased  cost  of  construction  and  maintenance 
have  generally  tended  to  check  unduly  rapid  growth. 

Fig.  5  shows  the  gradual  increase  in  the  maximum  pres- 
sures for  which  land  boilers  have  been  constructed  at  the 
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Fig.  5.— Diagram  showing  the  Maximum  Steam  Puessuuks  c;knk rally  adoptkd 
in  New  Boilers  in  the  United  Kingdom. 

periods  indicated.  In  the  earlier  stages ?  up  to  about  1830, 
the  low  pressures  of  61bs.  to  121bs.  per  square  inch  adopted  in 
the  steam  engines  of  the  Watt  type  were  the  ruling  pres- 
sures. From  about  1830  the  use  of  higher  pressure,  with 
expansive  working  of  the  steam,  liecame  more  general.  A 
strong  movement  in  the  upward  direction  showed  itself  from 
1870  onwards,  when  the  construction  of  boilers  for  higher 
pressures  had  been  improved  by  the  adoption  of  steel  plates, 
d rilling  rivet  holes,  machine  riveting,  and  flanged  seams  for 
flue  tubes. 

The  lower  line  on  Fig.  5  indicates  approxinritelv  t:"1 
steam  pressures  generally  adopted  from  this  period  onward 
in  the  case  of  Lancashire  boilers  for  textile  factories  and 
the  like.  From  about  1880  is  to  be  dated  the  practical  in- 
troduction of  the  modern  water-tube  boiler,  and  the  upper 
line  on  Fig.  5  may  be  taken  as  broadly  indicating  the  trend 
of  the  maximum  pressures  in  the  case  of  water-tube  boilers, 
as  adopted  for  electric  power  stations.  1601bs.  per  square 
iiirh  or  thereabouts  seems  to  be  the  pressure  which  has  com- 
niended  itself  to  those  using  steam  in  textile  factories  and 
the  like,  and  gives  economic  results  which  are  good,  having 
regard  to  the  capital  cost  of  the  various  ； »]t]tliai)(*es  used, 
such  as  boiler,  econoiniser,  suj)erheater(  engine,  and  tlie  prices 
of  available  coal.  With  higher  priced  coal,  a  higher  pres- 
sure of  steam  might  be  economically  advisable,  but,  with  a 
hi^lier  pressure,  maintenance  charges  increase,  and  the  work- 
ing considerations  on  the  whole,  therefore,  tend  to  regulate 
the  increase  of  pressure  to  such  a  figure  as  is  fou nd  to  give 
broadly  economical  results. 

(To  be  continued.) 
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DYNAMOMETER  CAR  FOR  THE  ERIE  RAILROAD. 

The  inechaiiical  department  of  the  Erie  Railroad  has  recently 
r(>m"letecl  and  placed  in  service  a  dynamometer  car,  a  general 
plan  of  which  is  shown  in  Fig.  1.  The  car  is  provided  with  a 
possible  pull  or  shock  registering  capacity  of  l,000,0001bs.,  and 
among  other  feature®,  incorporates  a  means  of  recording  loco- 
motive data  while  the  engine'  is  standing  still.  This  is  accom- 
plished by  means  of  a  supplementary  record  4 in.  wide  ；  the 
roll  being  motor-driven  during  periods  when  the  car  is  stand- 
ing and  when  motion  from  the  axle^drive  mechanisni  is,  on 
that  account,  not  available.      Special   provision  for  night 


springs  and  pistons,  a  registering  capacity  can  be  had  to  any 
derired  amount  up  to  l,000,0001bs.  on  the  drawbar. 

The  dynamometer  chart  is  driven  eith&r  by  an  axle  drive 
or  by  a  motor.  Two  rolls  of  paper  are  ussd  ；  one  being  a 
30in.  roll  on  which  records  are  made  when  the  car  is  under 
way,  the  other  being  a  roll  on  which  data  is  registered  when 
the  train  is  at  stop,  such  as  variations  of  steam  pressure,  coal 
fired,  strokes  of  air  pump,  time  of  detentions,  &c.  The  record 
may  be  driven  at  a  rate  of  13'2in.,  26"4in.,  or  52'8in.  per 
mile  by  the  axle  drive,  or  Gin. ,  12in.，  or  24in.  per  mile  by 
means  of  the  motor  drive.  The  following  records  are  made  on 
the  dynamometer  chart :    Drawbar  pull  ；    drawbar  buffing  ； 
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Fig.  1.— General  Plan  of  Dynamometer  Car.  Erie  Kaeluoad. 


running  is  made  by  placing  hoods  for  searchlights  at  the  floor 
level  on  either  side  of  the  car. 

The  dvnamonieter  is  of  the  liquid  1  vj>e  with  double  pistems 
二 （>iii.  cliam.,  whose  heads  press  against  blind  rul^ber  gaskets 
covering  the  liquid  cylinders,  from  one  of  which  the  pressure 
of  the  draw  bar  pull  is  registered,  the  other  the  buffing.  The 
]>istons  have  ^in.  clearance  and  move  on  ball  bearings,  and 
the  arrangement  is  so'  designed  that  the  pull  or  buff  delivered 
at  the  coupler  acts  in  a  direct  line  on  the  dynamometer  ；  the 
rubber  gaskets  doing  away  with  piston  fits  or  packing  in  sucli 
a  way  as  to  make  the  rlynamoineter  practically  frictionless. 
The  pressure  in  ttu;  d vnainomefcer  cylinders'  (alcohol  being 
used)  is  transmitted  tlirough  extra  heavy  steel  pipes  to  the 


train  lii);?  jiressurc  ；  st  rokes  of  air  pump  ；  location  ；  position  of 
reverse  lever  ；  position  of  throttle  lever  ；  variations  in  steam 
pressure  ；  record  of  indicator  cards  ；  coal  fired  ；  time  injector 
is  used  ；  and  time  safety  valves  are  open.  Tlie  seven  last- 
named  items  are  registered  by  an  observer  in  the  engine  cab. 
By  the  use'  of  a,  telegrapli  key,  in  the  handle  of  which  is  a 
plugging  system,  lie  may  readily  connect  ea^li  of  nine  separate 
conductors  to'  one  side  of  i\m  key,  the  opposite  side  being 
connected  to  tlie  common  conductor.  A  10-conductoi'  exl  va 
ilrxihl^  cable  is  used  between  the  engine  cab  and  tlie  car,  at 
the  end  of  which  is  connected  a  train  line'  coupler  plug  which 
can  be'  plugged  into  a  coupler  socket  at  either  end  with  con- 
nections to'  the  recording  table  magnets  which  are  actuated 


Fig.  2.— Tbansmissiox  Apparatus  for  Recobding  Paper.      Dynamometer  Car  fob  the  Erie  Kailroad. 


recording  table.  Tlie'  dynamometer  apparatus  is  similar  in 
principle  to  that  installed  on  a  car  for  the  Atchison,  Topeka, 
and  Santa  Fe  Railway,  and  described  with  illustrations1  in  tlie 
" Mechanical  Engineer,*'  July  26th,  1912  (see  ]).  92, 
Vol.  XXX  ). 

The  liquid  pressure  frcni  the  dynamonieter  is  directed 
against  the  recording  cylinder  pistons  which  work  against 
carefully  calibrated  springs  connected  to  the  recording  arm. 
A  combinat  nm  oF  different  springs  and  pistons  at"  this,  point  is 
used  such  as  will  give  an  8in.  maximum  movement  of  the 
recording  arm  each  side  of  its  central  or  neutral  position  ； 
on©  side  of  the  centre  registering  buffing  forces,  the  other 
indicating  drawbar  pull.    By  changing  the  combination  "of  the 


by  the  contact  of  the  telegraph  key.  For  convenience  a  tele- 
phone syst&m  is  also  used  between  the  engine  cab  and  the  car. 

All  curves  and  lines  are  drawn  on  the  chart  by  mean?  of 
specially-constructed  pens'  made  for  the'  purpo:-o.  which  are 
attached  to  hollow  aluminium  rods  running  at  right  angles  to 
the  chart.  The  pens  are  small  brass  cups  with  phosphor- 
bronze'  troughs  which,  with  a  thread  wick  from  barrel  to  point, 
are  very  satisfactory  in  performing  their  work,  marking  plain 
tliin  lines  when  operatiug  in  anv  direction.  The  train  line 
pressure  is  transmitted  to  an  indicator,  similar  to  the  standard 
outside  spring  Croshv  indicator  specially  built  l>v  the  Crosby 
company  to  register  on  the  recording  chart  by  a  curved  line 
relative  to  a  daluni  line  at  zero.    The  time  and  ？ peed  record  is 
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drawn  on  both  extreme  edges  of  the  chart  hy  moans  of  pens 
connected  to  a  small  electro  magnet,  which  in  turn  is  actuated 
by  electric  contact  made  at  six-second  intervals  hy  an  dt'rtrir 
contact  time  clock.  The  record  of  location  is  made  by  an 
observer  frorn  the  cupola  of  the  car,  hy  the  use  of  a  push 
button  connected  to  on©  of  the.  electro  magnets  on  tlie  r(>r。i '小 
ing  table.  The  observer  is  also  provided  with  an  electric 
sciii-clili^lit  to  assist  in  taking  observations  at  ni^ht . 

- The  recording  r()()m  in  t  lie  dyiiainoiiieler  end  of  i  lie  r;ir  is 
17ft.  7-|in.  long  and  9ft.  wide,  containing  tlie  recording  appa- 
ratus, switchboards,  pressure-  gauges,  clocks,  work  bench, 
cupboards,  &(、.，  with  a  cupola  to  assist  the  operators  in  taking 
observation.  In  the  centre  of  the  car  is  a  stateroom, 
lift.  2!,m.  by  Gft.  1  l]in.,  containing  two'  upper  and  two  lower 
berths/  The  rear  end  of  1  ho  car  contains  a  Baker  heater,  t  he 
toilet  room,  and  ilie  kit<'heti  witli  its  range,  refrigerator,  sink, 
and  cupboards.  The'  undei'frame  is  of  tlie  l)iiilt-u|)  1  v|)e,  con- 
sisting of  web  plates,  cover  plates  and  angles,  with  pressed- 
?teel  transoms  and  built-up  bolsters.  A  Cardwell  friction 
draught  gear  is  used  on  the  platform  end  of  the  car  with  a 
hi^li  capacity  buffing  arrangement.  On  tlie  dynamoinct  er  cini 
of  the  car  a  Westinghous©  friction  draught  gear  is  used.  The 
underframe  is  intended  to  have  a  shock  resisting  capacity  of 
l，000，0001bs.  The  trucks  have  cast-steel  frames,  holsters,  and 
spring  j)lanks,  designed  with  special  clearances  to  acrom- 
modate  the  dynaniameter  apparatus.  The  car  is  equipped 
with  a  32-volt  car-lighting  system.  The  switchboard  contains 
a  standard   rar-li^iif in^  control   system    and    an  auxiliarv 


would  be  to  install  liigli-speed  steam-driven  generators  on  tlie 
locomotives  and  merely  equip  the  carriages  with  lamps  and 
wiring,  providing  suitable  cable  connections  between  t  lie 
carriages.  This  system  was  used  to  a  lirn it ed  <*xtenl  in 
America,  where  it  was  known  as  tlie  "  head  end  "  system. 
Tliougli  certainly  t  lif  cliea|>est.  iti  fi  r si,  cost  and  nibse.(|i""it 
maintenance,  it  afforded  some  inconvenience  to  t  raili-* 
working,  insornucli  as  t lie  locoinotives  must  remain  ； itt;i'  li**'l 
to  their  trains  for  longer  periods  than  were  necessary  with  the 
gas-lighting  system. 

The  lines  upon  which  elect i*i(vlightin^  systems  had  l》f"'ii 
developed  were  practically  confined  to  the  "  individual  unit  " 
system,  where  each  carriage  carried  its  own  generator, 山 i、'（'，' 
from  the  axle,  and  also*a  storage  battery  to  supply  the  lights 
when  the  train  was  standing.  The  "  individual  unit  "  system 
was  particularly  well  adapted  to  the  requirements  of  ( ho 
railways,  as  each  coach  so  equipped  was  an  ind('|"'ii 山'' it  unit , 
could  be  run  anywhere  on  the  railway,  and  had  no  storage 
tanks  which  required  to  be  recharged  at  frequent  intervals. 
Tlie  constant-current  and  constant-voltage  schemes  each 
possessed  distinct  merits.  Judging  from  the  examples  at 
present  on  the  market,  it  would  appear  that  the  constant- 
current  system  was  by  far  the  more  popular  ；  and  most  of 
those  systems  which  used  a  constant  voltage  or  some  modifi- 
cation of  constant  voltage  employed  a  rising  characteristic 
for  charging.  Even  if  constant  current  represented  t  In- 
extreme  of  this  rising  voltage  characteristic,  yet  its  simplicity, 
ease  of  adjustment,  iiulpppiulonce   of   fine    adjust rnent,  and 


Fig.  3.— Arrangement  of  Prkssitre  Hi: ad  axd  Draught  Apparatus.      Dynamometeh  Car  for  the  Erik  Kailroad. 


switchboard  arranged  with  a  series  of  multiple  jacks  in  such 
a,  way  that  8，  16，  24,  or  32  volts  can  be  used  on  any  of  the 
electric  connections  on  the  recording  table.  We  are  indebted 
*>0'  the  "  Railway  Review  "  for  the  accompanying  illustrations 
md  particulars  of  this  car. 


ELECTRIC  TRAIN  LIGHTING  SYSTEMS. 

In  the  course  of  a  paper  read  before  the  Institution  of  Elec- 
trical Engineers,  Mr.  T.  Ferguson  described  a  number  of 
systems  now  available  for  the  electric  lighting  of  trains. 
Railways  had,  he  said,  been  slow  in  adopting  electric  lighting 
for  their  passenger  stock,  but  he  considered  that  this 
reluctance  could  hardly  be  for  the  reason  that  it  was  unsatis- 
factory as  a  means  of  illumination  or  that  there  was  no 
reliable  system  available,  as  there  were  many  perfectly 
reliable  electric-lighting  systems  on  the  market.  It  would 
appear  tliat  the  reason  why  electricity  at  the  present  date  had 
not  entirely  superseded  gas  was  one  of  capital  expenditure. 
When  electric  lighting  was  first  introduced,  some  20  years  a^o, 
it  found  lighting  by  compressed  oil-gas  already  in  total 
possession  of  tlie  field,  except  in  some  few  instances  where 
lighting  by  oil  lamps  was  still  in  vogue.  The  gas-lighting  plant 
installed  represented  a  very  large  capital  invested  in  gas- 
works, compressing  stations,  travelling  gas  tanks  for  ('liargiiiL; 
the  gas  cylinders  of  trains  in  outlying  districts,  and  also,  of 
course,  the  storage  cylinders  and  general  installations  on  the 
carriages  themselves.  If  all  this  were  done  away  witli  and 
electric  lighting  took  its  place,  obviously  the  cheapest  system 


faculty  for  desulphating  faulty  batteries  commended  it  to  the 
practical  railway-lighting  engineer,  who  could  feel  some  con- 
fidence that,  even  should  the  regulation  of  the  dynamo  or 
special  regulator  become  somewhat  coarse  through  un- 
avoidable defects  or  rough  handling,  the  working  of  the 
system  would  not  be  very  much  impaired. 


Thrust  Bearings. ―  At  a  n'rt'nt  meeting  of  t  lie  Tnst  it  nt  inn  uf 
Civil  Engineers,  a  paper  on  "  Thrust  Bearings  "  was  read  by 
Mr.  H.  T.  Newbigin.  Tlie  efficiency  of  a  thrust  bearing 
as  compared  with  a  journal  bearing  was  pointed  out, 
together  with  their  disadvantages,  especially  in  higl 卜 s!>eed 
machinery.  A  comparison  was  made  between  Coulomb's 
laws  of  friction  and  the  late  Prof.  Osborne  Reynolds'  liydro- 
dyiianiic  theory  of  lubrication,  and  coefficients  of  friction  in 
bearings  of  various  forms  were  given .  The  way  in  whivli 
the  friction  in  a  journal  bearing  changed  from  dry  or  greasy 
friction  to  perfect  lubrication  as  the  speed  increased  was 
discussed,  and  the  late  Mr.  Beauchanip  Tower's  discovery  of 
liquid  pressure  in  the  oil-film  was  described.  Viscosity  was 
defined,  and  the  resulting  general  formula  was  compared 
with  the  results  of  Mr.  Tower's  and  Prof.  Goodman's  ox 
periments.  The  conditions  necessary  for  the  maintenance 
of  liquid  pressure  in  an  oil  film  were  examined  and  defined. 
The  subsequent  developments  of  Reynolds'  hvdrcxlvnainic 
theory  of  lubrication  were  referred  to,  and  Mr.  A.  G.  M. 
Mi('liell，s  formulas  for  the  resistance  of  lubricated  plane  sur- 
faces were  cited, 
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BALL  BEARINGS.* 

BY  DAVID  MARTIN,  A.M.I.E.E. 

Ever  since  the  introduction  of  machinery,  the'  reduction  of 
friction  lias  been  thei  subject  of  much  thought  and  many 
inventions.  All  are  acquainted  with  the  numerous  attempts, 
such  as  the  well-known  cone-shaped  lathe  ceni  res,  t  he  equally 
well-known  disc  wlieels,  used  for  the.  balancing  of  rotary  parts 
such  as  flywheels,  crank  shafts,  and  latterly  the  rotors  of 
t  urhines.  Nor  must  we  forget  the  highly  serviceable  white 
metal,  and  other  anti-friction  metals  used  for  heavy  work, 
such  as  we  find  in  marine  practice.  Rolling  motion  was  early 
recognised  as  on '&  of  the'  simplest  frictionless  (so-called) 
methods,  for  it  is  surmised  the  early  Egyptians  adopted  that 
method  in  moving  heavy  weights,  and  it  is  known  that  the 
Romans  made  use  of  it  also,  but  the  first  known  record  of  an 
attempt  to  use  balls  in  this  connection  does  not  occur  till  about 
1860，  when  Wm.  Fyffe,  the  engineer  to  tlie  Crinan  Canal, 
made  use  of  what  are  now  styled  ball  bearings.  No  appre- 
ciable advance,  however,  was  made,  till  the  introduction  of  the 
safety  bicycle  in  the  early  eighties.  Primitive  as  t!hese  cone^ 
shaped  race  ball  bearings  were,  they  undoubtedly  reduced  the 
pedalling  fatigue,  enormously,  and  one  has  only  to  remember 
that  u  fitted  with  ball  bearings  "  was  a  selling  point  in  those 
days.  It  is  question able>  if  cycling  would  have!  reached  the 
enormous  proportions  it  did  in  tlie  cycle  liooin  period  of  ilie 
early  nineties  but  for  ball  bearings. 


Fig.  1. —— Development  Fig.  2.  ―  Development      Fig.  3.  Fig. 
of  Bearing  Surface      op  Bearing  Surface 
in  s.k.f.  sklf-alkin-     in  the  ordinary 
ing  Beabinq.  Single     Kow  Rtgid 

Type. 


Prof.  Stribeck  carried  out  a  series  of  investigations  to 
determine  the  laws  governing  the  design,  construction,  and 
application  of  ball  bearings.  These  investigations  proved 
that,  not  only  would  a  properly  designed  ball  bearing  carry  a 
greater  specific  load  than  either  roller  or  plain  bearings,  at 
liigh  speeds,  but  also  that  the  coefficient  of  friction  was  enor- 
mously reduced 一 in  fact,  from  something  between  *15  and  *2 
for  metal  to  metal  depending  upon  the  metals,  to  something 
between  0*0012  to  O'OOIS  for  balls  against  enclosing  race's. 
At  the  same  time'  he  found  that  this  coefficient  of  friction 
varies  little  through  wide  ranges  of  speed  and  load,  as  will  be 
seen  later.  From  these  investigations,  the  effective  carrying 
element  or  load  sustaining  area  A  of  plain,  roller,  or  ball 
bearings  is  expressed  by  the  following  formulae  ： ― 

For  plain  bearings 一 

A  =  L  x  D,  when  L  is  th©  length  of  tlie  journal,  and  D 
its  diameter. 

For  ball  bearings ~ 
D2  x  N 

A  =  = —— ， where  D  is  the  diameter,  and  N  the  numlier 

5 

•of  the'  balls  employed. 
It  will  be  noticed  lie  determined  that  the  load-carrying 
efficiency  of  a  ball  varies  in  proportion  to  tlie  square  of  its 
diameter.  It  has  since  been  proved  that  the  size  of  the  balls 
and  their  speed  of  rotation  must  be  taken  into  account,  but 
for  comparison  purposes  this  modification  may  be  neglected, 

*  Paper  read  before  the  Scientific  Society  of  the  Koj  al  Technical  College. 


and  the  following  conclusioDS  are  therefore  unaffected  by  this 
moclilicaiion.  That  is  to  say,  Dr.  Stribeck  found  that  the  safe 
load  for  roller  bearings  ranges  between  six  and  10;  for  plain 
babbited  bearings,  well  worn  in,  from  eight  to  20;  and  for 
ball  bearings  of  the  single  row  type  10  times  the  latter  figure  ； 
while  for  ball  bearings  of  the  double  row  and  staggered  type, 
three  times  the  latter.  Ten  years  ago'  such  a  claim  was  met 
with  considerable  scepticism,  but-  in  the  intervening  ten  years 
much  has  happened,  with  the  result  that  those  who  early 
made  use  of  these  scientific  experiments  have  been  able  to 
reap  the  benefit.  Th©  marked  superiority  of  ball  over  roller 
bearings  is  explained  by  the  fact  that,  in  the  latter,  anv 
deformation  in  tlie  shaft,  rollers,  or  housings,  due  to  elasticity 
of  materials  or  slight  inaccuracies  in  workmanship,  necessarily 
destroys  the  theoretical  line  contact  in  each  roller,  causing 
a  tendency  to  skew,  and  introducing  sliding  friction  instead 
of  pure  rolling  motion.  With  greater  accuracy  better  results 
flight  be  obtained.  With  ball  bearings  of  the  self-aligning 
type  this  sliding  friction  is  in  a  most  practical  way  eliminated, 
while  accuracy  of  the  most,  extreme  kind  is  obtained  without 
an  increase*  in  the  cost  of  production. 

Dr.  Stribeok's  investigations  resolved  theni selves  into  what 
in i glit  be  termed  a  specification  of  an  ideal  bearing,  as 
follows : — 

(1 )  The  steel  used  in  both  tho  balls  and  the  races  must 
meet  the  most  rigid  specification  as  to  uniformity,  hardness, 
and  tenacity.  That  is  to  say,  it  must  be  of  such  a  grade  that 
it  will  temper  properly.  A  comparison  of  the  elastic  limits  is 
us&ful.  They  are  for  mild  steel  15，  and  for  tempered  steel  85 
(Prof.  Unwin) .  Therefore,  what  is  now  termed  "ball  bearing 
steel  ，，  should  only  b&  used.  Tliat  obtained  in  the  famous 
Central  Swedish  mines  has  proved  to  b©  the  best.  The  low 
percentage  of  0*027  and  0*006  sulphur,  and  0  002  to  0.0045 
phosphorus,  present  in  this  o're'，  indicates  its  extremei  purity . 

Engineers  have  been  accustomed  to  consider  case-hardening 
as  essential  for  the  running  surfaces  of  the  races,  but 
experience  has  proved  this  to  be  fallacious  as  compared  with 
the  hardened-tempered  race,  for  the  reason  that  case-har- 
dening tends  to  flake,  and  in  polishing  a  case-hardened  surface 
the  soft  backing  is  liable  to  be  exposed,  leading  to  dissatis- 
faction and  that  want  of  confidence  in  ball  bearings  with 
which  we  have  so  long  been  associated.  Again,  once  this 
flaking  action  commences  nothing  will  stop  it,  with  the  result 
that  total  destruction  of  the  bearing  sooner  or  later  takes 
place,  due  to  the  grinding  action  set  u]).  This  grinding  action 
is  further  aided,  in  tlie  case  of  the  single  row  of  ball  type 
bearing,  by  the  unequal  contact  area  exposed  to  the  balls  by 
the  outer  and  inner  races,  causing  a  sliding  friction  on  the 
inner  race,  as  indicated  on  Figs.  1  and  2.  These  two  faults 
combined  accelerate  the  inevitable  failure. 

(2)  Tlie  second  qualification  is  that  the  balls  must  be 
accurately  ground  ；  they  must  be  separated  from  each  other, 
to  prevent  contact  friction  at  higli  speeds;  they  must  be  free 
to  revolve  in  the  direction  in  which  th&y  travel,  that  is,  they 
must  give  a  pure  rolling  motion  ；  and  they  must  be  capable 
of  easy  removal  and  replacement,  to'  facilitate  inspection 
when  required .  It  has  bean,  for  some  years,  easy  to  grind 
balls  accurately,  and  to  guarantee  them  perfect  within 
1/1 0,000th  of  an  inch. 

(3)  The  third  qualification  is  a  most  important  one ,  as  it- 
relates  to  th©  races,  The®&  must  be  accurately  ground  to 
standard  and  int/&i'cliangeabl&  dimensions.  The  faces  pre- 
sented to  the  balls  running  on  them  must  be  absolutely  con- 
tinuous, and  free  from  lateral  grooves.  They  must  have  siu-li 
a  curvature  as  will  properly  retain  th©  balls,  and  present  a 
uniformly  rigid  bearing  surface  for  the  balls  to  roll  on  without 
shoi'k.  Any  raoe>  of  th©  split  variety,  therefore,  does  not 
comply  with  this  clause.  To  have  a  bearing  in  two  halves  is 
o&rtainly  easy  of  installation,  but  one  has  only  to  picture  to 
oneself  what  takes'  place  in  ordinary  railway  or  tramcar 
working,  due  td  the  bumping  over  rail  joints,  to  get  some 
idea  of  what  takes  place  with  the  point  contact  of  balls  going 
over  a  joint  in  a  race,  however  good  it  may  be  made.  In  some 
of  the  earlier  forms  they  were  mad©  split,  but  failure  soon 
developed.  Apart  from  that,  it  is  a  better  commercial 
proposition,  on  account  of  the  cheaper  cost,  to  have  a  wliollv 
tnriied-up-in-t he-lathe  piece  than  one  in  which  a  considerable 
amount  of  time  has  been  spent  in  fitting  by  liand.  Practice 
has  proved  the  continuous  race  to  be  the  ideal. 
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1  u  man v  l):'mi'igs  of  1  he  yin^lc  row  rigid  lvj"'，  ii 
tJwil  t  lie  halls  may  l)e'  goi  into  [>l;u'r»,  l  li，'v  arc  1  lin 
through  lateral  w()vt's.  This  type  picsi'iil-s  lliP'  saniCi  (jhjccl  ion . 
One  cannol  guarantee  t  lial  t  lie  balls  will  roll  r\vnv  of  t  he 
grooves  under  l  unniiig  conclil ions,  ； m(l  I  lie  huitipin^  over  I  he 
grooving  spells  failure  sooner  or  later.  To  uhl  ； iin  a 
uniformly  rigid  bearing  surface  of  necessity  means  that  tlie 
race  must  b&  absolutely  circular,  which  cannot  be  obtained 
with  t lie  split  type  however  careful  tlie  fitting  of  the  two 
halves  m ay  be. 

(4)  The  fourth  qualificat  ion  is  also  important ,  in  1  lial  tlie 
complete  hoarin^  must  be  self-contained  and  easy  If)  install  ；  it 


must  b&  capable  of  withstanding  axial  as  we'll  as  radial  loads  ； 
it  must  not  offer  any  resistance  to  shaft  flexure,  and  be  so 
designed  that  the  load  is  sustained  l>y  t'ho  maximum  number 
of  balls.  Hardly  two  men  would  agree'  as  to  exact  tightness 
with  which  the  races  and  balls  should  b©  clamped  together, 
and  therefore  to  ensure  success  the  bearing  should  be  self- 
contained,  and  nothing  left  to  chance.  Until  1907  no  bearing 
built  for  pure  radial  load  was  made  which  would  stand  up  to 
an  axial  thrust  in  addition.  By  referencei  to  Fig.  3  it  will  be 
seen  the  ordinary  single  row  type,  having  two'  rings  or  races 
and  a  single  row  of  balls  is  inflexible,  and  requires  to  be 
mounted  with  the  greatest  accuracy  to  ensure  fre©  running. 
For  this  reason  their  use  is  limited,  o'n  account  of  the  crreal 
risk  of  wear  and  also  fear  of  wedged  and  broken  balls.  It  is  im- 
possible to  expect  a  single  row  type  to  take  an  axial  tlirust, 
as  the  balls  would  jam,  just  as  tli-ey  do  in  the  auto- friction 
dutch  which  is  built  on  the  same  principle,  namely,  a  row  of 
balls  between  tapering  surfaces.  For  the  same'  reason,  the 
arrangement,  as  shown  in  Fig.  4,  also  possesses  the  same  disv- 
advantage. 

A  reference  to  Fig.  5  will  demonstrate  tlie  theory  of  the 
S.K.F.  type.  Tlie  radial  load  on  all  bearings  is  taken  at 
right  angks  to  the  surfaces  in  contact,  and  when  these 
surfaces  are  sj>erical,  as  in  ball  bearings,  it  passes  through  the 
cen trei  of  the  sphere.  The  pressure'  applied  to'  the  outer  race 
is  divided  equally  between  the  double  row  of  balls,  and  is 
balanced  by  a  ooTresponding  pressure  reacting  from  the  iiim'r 
race.  This  reacting  pressure  can  be  divided  into  two  com- 
ponents, one  acting  at  right  angles  to,  and  one  parallel  with 
the  lines  of  pressure  between  tlie  ball  races.  As  these  pressures 
are  identical  from  each  race,  it'  follows  tliat  the  whole'  bearing 
must  be  in  perfect  balance.  It  will  be  noted  that  the  tangents 
of  eacli  ball  at  its  point  of  contact  with  the  races  are  parallel, 
and  tend  to  remain  parallel,  and  that  lines  drawn  through  the 
contact  points  of  all  balls  meet  at  the  centre  of  the  shaft  .  The 
plane  of  rotation  of  each  series  of  balls  is  therefore'  a  cone, 
and  provides  for  the  resistance  in  either  direction  of  axial 
thrust.  By  referring  to  Fig.  6，  and  reasoning  out  on  t  lio 
principle  of  the  parallelogram  of  forces,  it  is  seen  that  if  P  is 
the  resultant  and  R  the  radial  farce  or  load,  T  will  be  the 
axial  force  or  load.  That  is  to  say,  the  more  conical  a  bearing 
is,  tlie  greater  the  safe-thmst  load  will  be  in  ])roportion  to 
the  radial,  and  so  on  until  the  radial  action  disappears,  when 
we  have  nothing  left  but  a  simple  tlirust,  which  is  provided 
for  by  a  different  shapei  of  bearing  tenn&d  "  thrust  washers." 

A  further  reference  to  the  figures  also  indicates  what  will 
hap]>en  when  shaft  deflection  or  flexure  comes  on.  Tn  the 
single  row  type,  Figs.  2,  3，  and  4，  the  balls  become  jannnod, 
leading  to  extra  wear  if  not  fracture  of  the  balls,  whereas  in 


f  Ii"  double  row  ( yj)(!  shown,  Ki^s.  1，  5，  and  (；，  I  he  I, alls  simplv 
roll  over  to  the  new  pusition  without  any  extra  strain  U'iny 
ii|)oii  1  lio  I>;iIIh.  Mmiiv  ； itt<kni|>is  have  bexMi  made  to  r>l>tain 
tliis  ideal  selt'-ali^ning  feature,  but  none  so  adrnirahl v  as  to 
get  it  by  a  rolling  motion  of  the  halls,  where  friction  is  a 
iiuiiirnuin. 

An  attempt  was  made  to  get  this  self-alienability  by 
sliaying  the  outer  surface  of  i  \w  outer  race  to  self-align  on  an 
additional  outer  race  (Fig:;.  3  and  4),  which,  of  necessity, 
liad  to  be  split  in  order  to  suitably  lmuse  the  running  race, 
and  l>y  tlie  substitution  of  two  rigid  rows  of  balls.  The 
enormous  diflFeiTnces,  however,  in  t\\e  Frirtional  coeffirients  in 
practice  proved  that  the  balls  became  jammed  before  the  race 
took  up  the  requisite  new  alignment.  I"  rollr-r  bearings  this 
self-aligning  feature  is  obtained  by  making  the  outer  races  of 
a  splierical  shape  around  their  axis  and  about  the  centre. 
In  another  type  the  rollers  are  made  of  spirally  wound  steel 
tapes,  which  yield  to  any  distortion  of  the  shaft,  but  the 
undue  strain  set  up  leads  to  a  corresponding  increase  in 
friction  and  wear,  as  the  load  is  unequally  distributed.  It  is 
interesting  to  note  that  Prof.  Goodman,  of  Leeds  University, 
has  come  to  the  same  conclusion,  as  shown  in  a  paper 
presented  to  the  Institution  of  Civil  Engineers. 

The  following  formula,  obtained  from  the  S.K.F.  Com- 
pany, is  the  result  of  careful  research,  and  is  applicable  to  all 
makes  of  radial  type  bearings  : — 

P  =  Kx-|x  D2 
5 

where  P  =  saf&  working  load  in  lbs. 
K  =  coefficient. 

Z  =  th©  number  of  balls  in  tlie  bonrini:. 
D  =  diameter  of  balls  in  Jths  incli. 

Coefficients. 


Revs,  per  minute  = 

0 

10 

150 

300 

500 

讓 > 

Coefficient  K  = 

48.4 

3".  3 

24-2 

20 

.!) 

l.-.-liL' 

Revs,  per  minute  = 

1 500 

2000 

2 秦 

300(1 

遷, 

II 麵 1 

Coefficient  K  = 

13"" 

12.1 

10-56 

9.68 

8.58 

r'.ofi 

Ball  bearings  first  found  favour  for  industrial  purposes  in 
light  machinery  running  at  high  speeds,  such  as  ventilating 
fans  and  small  electric  motors,  and  later,  for  lieavy  machines 
running  at  low  speeds,  such  as  lifts  and  crane  hooks.  Their 
true  value,  however,  is  now  realised,  since  they  have  been 
found  suitable  for  carrying  at  higli  speed  heavy  loads  where 
lliey  are  also  subject  to  severe  shocks,  such  as  in  woodworking 
machinery,  where  speeds  of  5,000  revs,  per  minute  are 
common,  centrifugal  pumps,  Diesel  engines,  and  the  like.  It 
is  of  the  utmost  importance  that  only  the  finest  steel  be  used, 

for  the  better  the  material  the 
greater  will  be  the  safe  load 
capable  of  being  carried . 
Further,  tlie  greater  t  he 
number  of  balls  used,  the 
greater  the  load.  Homogeneity 
and  freedom  from  flaws  is 
absolutely  essential.  Many  of 
the  present-day  races  are  too 
light,  but  as  the  sizes  have 
become  standardised,  the  only 
thing  to  be  done  is  to 
reduce  tlie  ball  diameter  and 
increase  tlieir  munber.  For 
example,  a  30  mm.  bore  bearing 
might  be  fitted  with  14  balls  |in.  cliam.,  or  30  balls  ^in.  diain. 
At  a  speed  of  300  revs,  per  minute  the  coefficient  K  would  he 
10.    Thus  for  the  large  balls 

P=10x5-x 


Fig. 


14 


=  700  kgs. 


and  for  the  small  balls  where  diameter  of  balls  is  a^ain  in 
one-eighths  of  an  inch — 

P  =  10x3'52x  g-=735  kgs. 

The  apparent  advantage  of  a  large  number  of  small  balls  is 
really  greater,  as  the  load  is  distrihuted  over  a  greater 
】umil)er  of  points,  and  if  these  points  are  staggered,  as  in  tlio 
double-row  S.K.F.  tvpe，  we  have,  under  the  worst  conditions. 
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a  three-point  contact  in  place  of  a  single  point.  From  experi- 
ment, however,  it  is  found  that  when  in  work  the  】oa<J  is 
really  distributed  over  the  balls  (see  Fig.  7).  If  the  cage  is 
removed  the  balls  remain  stationary,  and  it  is  almost 
impossible  to  move  the  balls,  but  the  moment  the  load  is 
removed  the  balls  fall  to  the  bottom  of  the  race. 
Points  to  remember  in  using  ball  bearings  ： ― 

(1)  Never  drive  a  bearing  on  to  a  sliaft  by  a  liammer. 

(2)  Never  use  lubricant  containing  acid  or  alkali. 

(3)  Never  allow  a,  bearing  to  get  rusty 

(4)  Prevent  grit  getting  between  tlie  race  and  the  balls, 
(f))  Never  uss-  a  bearing  having  a  split  or  cracked  race. 

(6)  Never  allow  a  bearing  to  run  dry,  although  ball 
l)carings  only  require  lubricant  two  or  three  times  a  year. 
I'，r"m  tuniierous  experiments,  and  long  experience,  it  is  found 
that  90  per  cent,  of  the  lubricant  necessary  for  plain  bearings 
can  ba  saved. 

(7)  Don't  run  a  ball  bearing  which  tends  to  become  hot,  as 
that  is  a  sure  indication  that  something  is  wrong.  No 
;unount  of  lubrication  will  prevent  such,  and  it  is  safer  to 
consult  the  makers,  giving  them  full  particulars  of  duty,  &(•• 
The  effect  of  temperature  rise  can  be  seen  from  the  following 
table,  and  the  safe  working  load  table  requires  to  be  reduced 
in  the  following  proportion  ： ― 

50。  C.  to  100。  C.  (122。  to  212。  Fah.)  divide  by  IT) 
100。  C.  to  150。  C.  (212°  to  302。  Fah.)         ，，  2 
150。  C.  to  200°  C.  (302°  to,  390。  Fah.)  ，，  4 

No  ball  bearing  should  be  exposed  to  any  higher  tem- 
perature than  200°  C. 

(8)  Do  not  us&  thrust  washer  ball  bearings  for  speeds  over 
2,000  revs,  per  minute.  Use  radia】  type  calculated  to'  take 
the  load  safely,  as  they  can  b&  run  with  safety  vip  to  30,000 
revs,  per  minute  for  3in.  diam.,  or  a  peripheral  speed  of 
25,000ft.  per  minute. 


ATOMISER  FOR  LIQUID  FUEL 

The  accompanying  illustration  shows  the  construction  of  a 
li(juid  fuel  atomiser  of  the  type  comprising  an  air  admission 
nozzle  tapering  inwardly  towards  the  fuel  admission  orifices, 
the  invention  of  Messrs.  Delaunay  Belleville,  of  rue  de 
rErmitage,  St.  Denis  (Seine),  France.  The  apparatus  is 
more  particularly  intended  for  use  in  connection  with 
generators  under  pressure  in  which  vaporisation  takes  place 
by  the  mixture  of  water  with  the  combustion  gases  such  as 


Atomiser  fob  Liquid  Fuel. 

are  used  on  board  self-propelled  torpedoes,  and  usually  de- 
signated air-heaters.  It  is  equally  applicable,  however,  for 
use  in  connection  with  boilers  or  furnaces  of  any  type  where 
heavy  oils  are  employed  which  require  to  be'  properly  atomised 
before  being  supplied  to  the  furnace.  The  essential  features 
of  the  device  consist  in  the  disposition  of  a  conical  flaring 
provided  with  skew-backs  arranged  above  a  restricted  ring  in 
which  the  fuel  admission  orifices  are  formed,  a  depression 
being  thus  created  in  the  hollow  ring  by  the  division  of  the 
gaseous  current  owing  to  the  conical  flaring.    This  depression 


enables  the  liquid  jets  to  be  carried  well  away  from  the  wall 
cf  the  atomiser,  so  that  the  jetu  penetrate  at  a  high  velocity 
into  the  heart  of  the  gaseous  current,  thus  forming  a  good 
homogeneous  mixture. 

Referring  to  the  illustration,  the  atomiser  comprises  a 
hollow  cylindrical  body  A  in  which  the  liquid  fuel  circulates 
which  has  been  discharged  under  a  pressure  slightly  higher 
than  that  of  the  air  or  gas  which  lias  to  be  burnt.  T I i o 
outer  wall  F，  in  its  upper  part  cylindrical  in  shaps,  taper;: 
outwardly  towards  its  lower  part  to  form  cone  at  G,  tl"'iv 
after  tapering  inwardly  and  being  provided  with  a  skew- 
back.  A  lower  plug  B,  screwed  in  the  body  A  and  fitted  on 
conically  to  the  skew-back  formed  on  to  the  part  G，  has  a 
restricted  ring  portion  H  provided  with  orifices  K  at  right 
angles  or  slightly  inclined  to  the  axis  of  the  atomiser.  Tliese 
orifices  are  sufficiently  numerous  to  spray  the  liquid  fuel 
circularly  and  their  diameters  are  proportioned  with  re- 
ference to  the  desired  output  and  the  nature  of  the  fuel  to  be 
consumed.  The  carburet  ting  air  is  driven  into  the  envelope 
C  ；  this  air  is  displaced  in  the  direction  indicated  by  the 
arrows  M  at  the  lower  end  of  the  part  C  which  tapers  in- 
wardly in  the  shape  of  a  converging  nozzle  D  and  sub>e- 
quently  spreads  out.  The  cone  G  causes  the  deviation  of 
small  air  currents  which  descend  along  the  wall,  and  a  zone 
of  reduced  pressure  is  formed  thereby  within  the  skew-back 
H  ；  and  under  the  influence-  of  this  reduced  pressure  zone  the 
liquid  jets  N  passing  through  the  orifices  K  have  their  velo- 
city increased,  and  are  projected  with  greater  force  through 
the  air  which  passes  through  the  nozzle  D，  which  favours  the 
dilution  of  the  liquid,  its  mixture  with  the  air,  and  finally 
the  forrn.ation  of  a  homogeneous  gaseous  mixture. 


THE  CARE  OF  STEAM  BOILERS. 

At  a  recent  meeting  of  the  Belfast  Association  of  Engineers, 
a  paper  was  read  by  Mr.  George  Elliott,  M.I.M.E.,  on  "  Some 
Inlii-niities  of  Steam  Boilers,"  in  the  course  of  which  he 
said  the  "  infirmities  "  of  a  steam  boiler  might  be  des- 
cribed under  two  headings,  namely,  "  constitutional  "  and 
"acquired."  The  making  of  a  boiler  in  the  early  days  was  a 
happy-go-lucky  or  rule-of-thumb  business,  little  or  no 
attention  being  given  to  proportioning  the  different  parts  ； 
and  consequently  the  badly  constructed  and  worse  propor- 
tioned boiler  was  on  the  "sick  list "  the  greater  part  of  its 
life.  In  modern  practice,  however,  more  attention  was  given 
to  material  and  construction  ；  yet  even  after  every  precaution 
was  taken  the  result  might  turn  out  unsatisfactory.  The 
foundation  of  a  good  boiler  was  really  laid  by  the  plate 
makers.  He  was  afraid  too  much  reliance  was  often  placed 
on  the  stamp  on  the  plates.  Acquired  defects  were  more 
numerous,  and  were  not  so  easily  dealt  with.  The  most  pre- 
valent, and  at  the  same  time  the  most  difficult  to  combat, 
was  the  "  grooving  '，  of  the  end  plate.  It  was  very  erratic 
in  its  action  and  therefore  difficult  to  counteract.  The  fur- 
nace was  especially  liable  to  injury  from  various  causes,  the 
most  destructive  being  overheating,  caused  by  shortness  of 
water,  due  either  to  carelessness  or  incompetence.  The 
accumulation  of  any  form  of  deposit  should  be  particularly 
guarded  against.  Continuing,  he  said  no  matter  what  pre- 
cautions were  taken  to  secure  the  best  material  and  workman- 
ship, if  the  boiler  fell  into  the  hands  of  an  ignorant  owner  or 
attendant  it  was  a  source  of  great  clanger  to  its  surroundings. 
The  most  serious  and  difficult  problem  they  had  to  deal  with 
was  the  incompetence  and  recklessness  of  some  owners  and 
attendants.  The  Merchant  Shipping  Acts  had  effectively 
dealt  with  those  men  on  board  ship,  and  it  followed  that 
similar  laws  to  deal  with  steam-users  on  shore  were  required. 
The  first  step  was  to  compel  every  attendant  in  charge  to  pass 
an  examination  and  receive  a  certificate  of  competency.  The 
paper  was  illustrated  by  a  number  of  lantern  slides,  and  an 
interesting  discussion  followed. 


Napier  Tercentenary  Celebration.  —John  Napier's  Logarith- 
morum  Canonis  Mirifici  Desci'iptio  was  published  in  1614, 
and  it  is  proposed  to  celebrate  the  terceiitenary  of  this  great 
event  in  th&  history  of  mathematics  by  a  congress,  to  be  held 
in  Edinburgh  on  Friday,  July  24th,  1914,  and  following  days. 
The  celebration  is  being  held  under  the  auspices  of  the  Royal 
Society  of  Edinburgh. 
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THE  ENGINEERING  PROBLEM  OF  ELECTRIFICATION.* 

liY  A.  H.  AUMSTItONG,  M.AM. INST. E.E. 

The  broad  question  of  whether  electrification  will  show  an 
attractive  return  upon  the  large  capital  investment  required 
can  host  l)t>  determiiietl  by  a  detail  invest  i^at  ion  of  the  local 
conditions  obtaining  in  any  given  case.  Any  estimate  of  a 
general  character  is  at  best  more  or  less  misleading  when 
applied  to  a  specific  problem.  The  electric  locomotive  possesses 
many  operating  characteristics  not  shared  by  the  steam 
engine,  and  its  introduction  opens  up  possibilities  in  operating 
methods  that  may  make  it  desirable  to  effect  sweeping  changes 
in  train  operation  as  now  carried  on  with  steam  engines. 
Until  one  or  more  engine  divisions  are  ele'drirally  operalvd, 
what  it  means  to  the  railway  operator  to  be  relieved  of  many 
of  the  limitations  of  the  steam  locomotive  perhaps  may  not  be 
fully  appreciated. 

For  example,  given  an  electric  locomotive  capable  of 
hauling  an  800-ton  passenger  train  at  60  iiiiles,  per  h(nir  (m 
level  track  and,  without  assisting  locomotives,  liaul  the  nam? 
train  up  gradients  of  2  per  cent,  at  a  speed  of  25  miles  per 
hour,  it  is  possible  to  make  radical  improvements  in  schedule. 
When  it  is  considered,  furthermore,  that  such  an  elect  ric 
locomotive  requires  no  stops  for  fuel  and  water  and  can 
operate  1,200  miles  or  more  between  inspections,  it  is  evident 
that  electrification  calls  for  considerable  readjustment  of 
steam  railway  traditions. 

Failure  to  fully  grasp  the  possibilities  of  electrical 
operation  may  result  in  running  up  the  first  cost  of  proposed 
electrification  to'  an  extravagant  total  upon  which  no'  adequate 
return  is  possible.  So  much  local  colour  is  required  to  intelli- 
gently discuss  the  question  of  "  Will  it  pay  to'  electrify,"  that 
no  attempt  will  be  made  in  this  paper  to  discuss  the  financial 
aspect  of  the  matter.  The  seiveral  important  installations  now 
under  construction  and  even  larger  projects  upon  wliich 
favourable  decision  has  boen  reached,  all  point  to  the  fact  that 
electrification  must  be'  attractive  in  some  instances  at  least. 
There  are,  however,  certain  fundamental  data  governing  t  he 
operation  of  all  electric  locomotives,  and  it  is  the  purpose  of 
this  paper  to  discuss  some  of  the  engineering  questions 
involved. 

At  the  outset,  it  is  found  that  the  electrical  engineer  has 
perfected  several  types  of  locomotives  and  different  methods 
of  distributing  electric  power  to  them,  thus  giving  ri&e  to- 
what  is  known  as  several  different  "  system s  of  operation." 
The  term  "  system  n  is  generally  applied  to  the  combination 
of  locomotive  and  trolley  or  third  rail  distribution,  as  tlie 
question  of  power  generation  and  transmission  is  common  to 
all.  While  it  is  true  that  the  single-phase  and  split-phase 
locomotives  call  for  a  supply  of  single-phase  25  cycle  power ,  it 
is  only  in  isolated  instances  that  this  kind  of  electric  power 
can  be  economically  generated  and  used  exclusively  by  t he 
railway  company.  Large  power  installations  are  now  so'  well 
equipped  to  give  attractive  power  rates  over  extended  areas 
and  economical  electric  power  production  is  so  coniplet?lv  ； ui 
industry  in  itself,  t h at  local  conditions  must  be  very 
favourable  to  justify  the  installation  of  a  separate  power  house 
devoted  exclusively  to  railway  load.  Even  sliould  sucii  a 
separate  installation  be  made,  it  may  be  considered  sound 
engineering  to  look  to  future  possibilities  and  install 
apparatus  similar  to  that  in  neighbouring  systems  where  the 
frequency  and  voltage  are'  standardised.  Different  frequencies 
are  not  as  serious  as  conflicting  track  gauges,  but  they  do 
involve  the  burden  of  expense  and  loss  in  efficiency  of  fre- 
quency cliauging  sets  which  it  rnav  some  day  be  found 
expedient  to  install  in  order  to  tie  the  two  systems  together. 
Hence  the  statement  is  again  made  that  the  generation  and 
transmission  of  power  offers  the  same  problem  without  regard 
to  the  system  of  electrification  favoured. 

It  is  proposed  to  replace  the  steam  engine-  with  a  type  of 
motive  power  that  offers  superior  advantages  in  the  hauling  of 
heavy  trains.  In  other  words,  th©  electric  locomotive  itself 
constitutes  the  main  argument  in  favour  of  electrification, 
and  no  marked  excellence  of  distribution  svstem  can  offset 
the  failure  of  the  electric  motive  power.  The  steam  loco- 
motive it  is  proposed  to  replace  is  a  highly  developed  machine 
of  great  reliability  and  the  result  of  the  experience  born  of  a 

*  Abstract  of  paper  read  before  the  Caufidian  Society  of  Civil  Knjiinoers, 
December  18th,  1913. 


great  many  t'ailu res.  1 1  caniiot  l>c  loo  st ron^Iy  <'mplia、i/.*  'l ， 
ilieretorc,  t  hat.  1  lu-  (*le<-tric  iimlive  power  is  tlie  coiiirolling 
factor  in  niain  line  cl^-t  ri li<*;iiion,  a  point  of  view  that  is 
sometimes  ovei'looked.  The  three  electric  systems  considered 
for  main  line  electrification  are  (1)  Single-phase ― Alter- 
nating. (2)  Split-phase ~ Alternating.  (3)  High  Voltage ~ 
Direct  Current . 

The  single-pliase  ooininutaiiiig  motor  lias  been  in  operation 
uj)oii  iiiterurhan  elect  ric  railways  for  someyear&,  and  a  study 
of  t lie  history  of  these  installations  reveals  some  of  tlie  funda- 
mental reasons  why  this  type  of  motive  power  has  not  been 
more  generally  adopted.  It  has  been  found  that  the  initial 
expense  and  cost  of  upkeep  of  rolling  stock  equipped  with 
single-phase  com m utating  motors  is  fully  double  that  of  r-a is 
having  the  same  s&ating  capacity  and  equipped  witli  clire/'t- 
current  motors.  No  new  installations  have  been  made  for  tlio 
past  two  years,  and  the  several  single-pliase  roads  are  being 
changed  over  to  direct  current  as  fast  as  financial  conditions 
will  ])tM'iii it . 

The  introduction  of  the  single-pliase  system  was  a  result  of 
the  success  of  suburban  and  interurban  electric  railway 
operation  and  the  extension  of  these  lines  over  large  areas, 
thus  bringing  into  prominence  tlie  question  of  economical 
power  distribution.  It  was  recognised  that  a  voltage  higher 
than  the  commonly  accepted  standard  of  600  volts  was 
desirable  upon  the  trolley  in  order  to  minimise  the  cost  of 
installing  feeder  copper  and  substations.  While  the  single- 
phase  motor  was  being  developed  and  installed  upon  inter- 
urban railways,  careful  attention  was  also  being  given  to  the 
question  of  tho  possibility  of  using  direct>current  motor 
equipments  at  higher  voltages  and  resulted  in  the  installation 
of  the  first  1,200  volt  road,  tlie  Indianapolis  and  Louis- 
ville Traction  Railway,  operated  in  1907.  Tlie  success 
attending  this  operation  led  to  other  similar  installations  at 
both  1 ,200  and  1,500  volts  until  it  is  now  generally  recognised 
that  the  high  voltage  direct-curront  system  is  without  a 
competitor  for  all  classes  of  suburban  and  interurban  electric 
railways.  It  is  a  safe  prediction  to  make  that  no  more  single- 
phase  motor  equipments  will  be  placed  in  operation  in  this 
country  on  new  roads  unless  these  roads  virtually  form  an 
extension  of  existing  systems.  All  the  direct-current 
equipments  are  operating  with  the  highest  degree  of  success 
and  no  change  of  type  of  equipment  has  been  made  or  any 
such  contemplated 

The  history  of  the  battle  of  the  systems  and  the 
elimination  of  the  single-phase  jnotor  as  being  unsuitable  for 
the  equipment  of  light  electric  railways  has  an  ii]i]>ortanfc 
bearine  upon  the  selection  of  systems  for  main  line  electri- 
fication. The  limitations  of  the  single-pliase  motor  that  lead 
to  its  failure  in  the  interurban  railway  field  do  not  appear 
to  be  lessened  when  considering  it  for  locomotive  equipment, 
with  the  result  that  it  is  in  use  but  on  three  of  the  12  roads 
that  are  truly  representative  of  electrified  steam  roads 
operating  large  electric  locomotives. 
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Installation. 

Year. 

Type 
Locomotive. 

System. 

Voltage 

St,  Clair  Tunnel  . . 

1008 

Geared 

Single- phase1  alternatintr 

N.Y.,N.H.  &  H. .. 

1 907 

G  carl  ess. ,， 

SinfrU'-pHiiso  altcinatiiiL' 

HiM.sac  Tunnel .  • . . 

1!H  1 

(； cared  .... 

Single-pliaso  altcrnat  inu' 

11. 秦 

Cas(、a(l(、  Tunnel   . . 

11M)1» 

Geared  .... 

Tlu'"'-pliaM'  alternating 

(>.(>(H) 

*Norfolk&  W't'n 

1911 

( ； riirt-il  Side 

Split- [>haso  altcrnatini: 

l(i..*»(K) 

Rod. 

Baltimore  &  Ohio 

1895 

Geared  .... 

000 

Til 賺 1. 

New  Wnk  Central 

100(i 

(J earless    . . 

Direct  current   

fiOO 

Detroit  Tunnel    . . 

I'.HO 

Geared  .... 

"00 

Pciins\  l\  ania  Tt'r - 

1010 

Side  RckI  . . 

"00 

minal   

I>ut  tc.  Anaronrla  & 

iom 

Geared  …- 

2.4(H) 

Pacific. 

*Canadian  N' thorn 

1914 

Oca  ml  . . . . 

2.4(M) 

*Ca niwlian  L'a('ifi'' 

MII4 

(Jcarcd  .... 

2.4(H) 

Un<U*r  construction. 


There  are  other  electrified  steam  lines,  but  the  service  on 
them  more  nearly  a])j)roaches  that  of  high-class  electric  inter- 
urban railways.  Also  there  are  interurban  sv?ten;s  where 
Electric  locomotives  of  considerable  capacity  are  operated,  but 
the  class  of  service  does  not  approach  the  exacting  demands  of 
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main  line  passenger  and  freight  operation.  The  precading 
table,  however,  corn  prison  converted  steam  lines  where-  the 
ssrvio©  consists  of  hauling  main  line  passenger  and  freight 
trains  behind  electric  locomotives  of  large  capacity. 

It  is  a  noteworthy  fact  that  the  use  of  the  single-phase 
motor  has  not  extended  beyond  the  two  original  roads 
installing  this  type  of  equipment,  the  Grand  Trunk  and  New 
York,  New  Haven  and  Hartford  (including  Hoosac  Tunnel 
installation),  whereas  direct-current  motors  hav&  been  univer- 
sally adopted  in  all  the  more  recent  electrifications  with  the 
single*  exception  of  thei  proposed  split-phase  installation  on  the 
Norfolk  and  Western  Railway.  The  so-called  "  split-phase  " 
system  is  a  comparatively  newcomer  in  the  electric  traction 
field  and  it  lias  not  yet  been  subjected  to  the  test  of  actual 
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Fig. 


-Gfaeral  Schkmk  of  Split-phase  A l t e r x at i \ g - c d r  11  i: nt t  System. 


operation.  The  proposed  system  offers  many  attractive 
features,  however,  and  it  is  worthy  of  careful  study  in  order 
to  inulerstand  its  fitness  for  lieavy  electric  railway  service . 
Froni  experimental  tests  made,  it  seems  reasonably  certain 
that  the  split- phase  l(H'o»notive  can  meet  the'  demands  of 
(  miunercial  operation  wit h  satisfactory  reliability. 

Confronted  with  the  problem  of  main  line  electrification 
and  the  demand  for  a  distributing  system  which  would 
provide  for  the  economical  distribution  of  large  units  of  power 
over  an  extended  area,  the  need  of  higher  direct-current 
voltage  was  appreciated  and  resulted  in  the  first  installation 
of  2,400  volts  direct  current  upon  the  Butte,  Anaconda  and 
Pa(、ifi('  Railway,  first  operated  May  28th  of  this  year.  This 
iiistallalion  marks  an  epoch  in  electric  railway  progress,  as  its 
success  offers  substantial  proof  that  direct-current  motor 
equipments  can  be  constructed  at  a  reasonable  cost  and 
operated  in  an  efficient  and  reliable  manner  with  trolley 
potentials  as  high  as  2,400  volts.  It  has  been  characteristic 
of  the  installations  operating  at  1,200  and  1,500  volts  that  the 
reliability  of  the  direct-current  motive  power  has  been  in  no 
way  impaired,  by  reason  of  using  a  higher  trolley  voltage',  in 
fact,  the  maintenance  of  1,200  volt  motor  equipments  shows 
no  increase  over  that  of  600  volt  equipments.  A  brush  life  of 
over  150,000  miles  gives  evidence  of  good  coinmutator 
performance  with  practically  no  wear  and  the  increased 
insulation  and  creepage  distance  provided  has  been  am  pie  to 
ensure  reliability  and  low  cost  of  maintenance.  The 
transition  from  1/2C0  to  2,400  volts  direct  current  has  also 
resulted  in  completely  successful  operation  at  this  potential. 
The  operating  record  of  the  Butte,  Anaconda  and  Pacific 
2,400  volt  direct-current  system  has  been  truly  remarkable. 

The  success  of  high  voltage  direct-current  installations  has 
not  been  marred  by  a  single  instance  of  failure  due  to  funda- 
mental defect  in  the  type  of  apparatus  used,  and  justifies  the 
conclusion  that  the  2,400  volt,  1,200  volt,  and  the  600  volt 
direct-current  equipments  are  all  part  of  the  same  general 
direct-current  system,  and  that  the  only  difference  is  the 
ne&d  of  more  insulation  in  one  case  than  in  the  other.  The 
2,400  volt  direct-current  installation  of  the  Butte,  Anaconda 
and  Pacific  cannot  be  looked  upon,  therefore,  as  in  any  way 
constituting  a  new  "  system  "  of  electrification,  but  rather  as  a 
natural  development  along  the  lines  of  higher  voltage  of  the 
rame  well-known  direct-current  system  which  has  rendered 
such  excellent  account  of  itself  in  the  past,  on  all  our  city,  and 
practically  all  of  our  surburban  and  intcrurban  electric  lines. 
This  has  an  important  bearing  upon  the  general  electri- 
li ration  of  the  steam  roads,  as  it  places  ihe-  status  of  the  direot- 
(  lu  rent  system  as  applied  to  such  service. 

Fully  appreciating  the  grave  responsibility  of  selecting  a 
type  of  motive  power  for  a  proposed  electrification  that  holds 
promise  of  special  fitness  for  the   immediate  service  cc li- 
tem plated  and  also  is  capable  of  meeting  the  demands  of^ 
unlimited   future  extensions,  this  paper  will  briefly  touch 


upon  the  comparative  characteristics  of  tlie  split-pliasa  and 
2,400  volt  direct-current  systems  of  operation.  The  choice 
seems  to  lie  between  split-pliase  and  direct  current  inas- 
much as  the  history  of  the  single-phase  motor  equipment  does 
not  seem  to  justify  its  further  consideration  for  heavy 
electric  railroading. 

A  general  scheme,  of  distribution  to  the  split-phase  loco- 
motive is  shown  in  Fig.  1  which  has  special  application  to 
western  railways  where  60  cycle  power  supply  is  universally 
standardised.  A  corresponding  diagram  of  the  2,400-volt 
direct-current  system  is  shown  in  Fig.  2,  this  also  being 
adapted  to  60  cycle  power  supply.  Starting  first  with  a  com- 
parison of  the  two  types  of  locomotive,  it  is  necessary  to  make 
some  general  assumption  as  regards  service  conditions  in  order 
to  draw  conclusions  as  to  relative  locomotive  characteristics. 
The  electric  locomotive  is  capable  of  being  constructed  in  very 
large  units,  but  co'nvenienc&  in  shopping  and  simplicity  in  con- 
struction both  point  to  a  unit  of  approximately  100  tons  total 
weight  on  drivers.  These  100-ton  units  can  be  coupled 
together  and  operated  as  a  single  locomotive  of  any  desired 
capacity,  though  probably  a  two-unit  locomotive  weighing 
200  tons  and  giving  a  starting  tractive  effort  of  120,0001bs.  is 
as  large  as  the'  draught  gear  will  stand.  Experience  with 
steam  locomotive  practice  seeons  to  point  to  a  locomotive 
rating  on  ruling  grade  that  calls  for  a  tractive  effort  corre- 
sponding to  approximately  18  per  cent,  coefficient  of  adhesion 
on  drivers.  Thus  the.  conditions  obtaining  upon  a  2  per  cent, 
ruling-  gradient  will  be  as  follows : — 

Tractive  effort  due  to  2  per  cent,  grade    401bs. 

"  ，，        ，， train  resistance    Gibs. 

，，  ，，        ，， curve  resistance,    21bs. 

Total  per  ton   ；   481bs. 

Total  weight  on  drivers   200,0001bs. 

Rating  at  18  per  cent,  coefficient  of  adhesion   36，000Ibs. 

Gross  train  weight   750  tons 

Trailing  train  weight   650  tons 

Speed  15  m.p.h. 

Net  output  at  drivers  1,450  h.p. 

A  maximum  load  of  50，0001bs.  per  axle  has  l)een  assumed 
as  being  within  acceptance  of  good  practice'.  The  question  of 
speed  on  ruling  grade  is  one  ：  ubject  to  lo<*al  requirements,  but' 
in  general  a  speed  of  ]5  in.p.h.  on  2  per  cent,  grade  is  as  high 
as  desirable  on  roads  of  moderate  tonnage.  As  ruling  grade 
generally  extends  unbroken  over  comparatively  short  dis- 
tances, it  is  possible,  to  take  advantage  of  this  fact  in  electric 


(U)  Cycle  Three-phase 
TransimsHion  Linu 


Fig.  2.— General  Scheme  of 


volt  Direct- current  System. 


locomotive  design  and  proportion  the  motive  power  for  a  con- 
tinuous capacity  of,  say,  16  per  cent,  co pfficient  of  adhesion 
without  danger  of  exceeding  safe  temppratur©  limits  in  opera- 
tion. The  continuous  capacity  of  the  100-ton  unit  would 
therefore'  be  32,0001bs.  tractive  effort  at  slightly  more  than 
15  miles  per  hour,  based  upon  16  per  cent,  coefficient  of 
adhesion  of  the  weight  upon  the  drivers.  Owing  to  the 
moderate  speeds  at  which  a  freight  locomotive  will  operate,  it 
is  entirely  feasible  to  consider  a  construction  wherein  the 
motors  are  geared  direct  to  the  driving  axks.  by  twin  gearing. 
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in  this  respect  following  the  pnu'Uce  of  llic  I)Hr (； U  Timm'l, 
Cascade  and  B.  A.  1).  locomotive,  wliicli  has  proved  very 
successful.  For  tli(、  purpose  of  lliis  ('()"屮;". 卜 (m,  it  is  assumed 
llwit  holli  split,-! 山 as。  and  direct -cun(Mit  locomotives  will  b©  of 
similar  construction  and  employ  twin  geared  motors  of  equal 
weight  and  efliciency.  A  rom"irison  of  weight  distribution  in 
the  two  types  of  locomotives  is  presented  herewith. 


, ( 'om  pftrafirr  11','/'〃〃  of  Lorofnot  i    一 Continuous  f 'a  j/(trt  t // 
'jJ/HJO/hs—/-!  J/./'.//. 


2,400  Volts 

Split -i»hase. 

Direct 

Current. 

Lbs. 

Lbs. 

Cimtrol  appanilus  cornpU'tc   

I7.0(M» 

27,000 

4,000 

:i,(ioo 

3,000 

MiscellaiKMHis   

2,000 

2,000 

22,(MM) 

1S,(K)() 

KiO,(KM) 

III",' 扇 

270,000 

200,000 

As  tlie  direct-current  locomotive  of  100  tons  carries  no 
ballast,  it  is  evident  that'  tlie'  40,0001bs.  comprising  Uie  pliase 
converter  and  transformer  of  the  split-pliase  locoinot ive  must 
be  carried  on  idle  wheels,  together  with  the  additional  weight 
of  ciih  and  running  gear  required  to  carry  this  excess  weight.. 
The  net  result'  is  a  split-phase  locomotive  of  fully  35  per  rent . 
more  weight  than  a  direct-current  locomotive  of  equal  capacity 
； uid  of  similar  construction.  This  weight  coin parison  is  based 
upon  the  assumption  that  50,0001bs.  per  axle  constitute'  the 
limit  allowable,  thus  forcing  the  introduction  of  guiding 
jixles  to  carry  the  excess  weight  of  the  split-plia&e  equipment. 
For  locomotive  construction  of  less  capacity  permitting  the 
s])lil-]>lias&  to  ccnie  within  axle  weight  limit  %  bot  h  types  of 
locomotives  would  comprise  four  axles  with  no  guiding  wheels, 
and  the  split-phase  locomotive  may  not  total  more  than  20  per 
c2ut  more  than  tlie  dir&ct-current  type .  It  is  evident  that 
the  split-phase  locomotive  is  not  only  considerably  heavier  for 
equal  capacity,  but  also  more  complicated  and  inefficient  than 
the  direct-current  locomotive'.  The  power  from  the  trolley 
must  in  turn  pass  through  transformer,  phasa  converter,  con- 
trol, motors  and  gears.  The  efficiency  of  the  coinplete  loco- 
motive in  operation  will  depend  upon  its  output,  and  lience  in 
the  following  fomparison  efficiency  has  bean  computed  for 
operation  on  both  ruling  grade  and  level  track.  The  average 
efficiency  of  a  clay's  run  will  obviously  lie  soniewhere  between 
tli(、se  values,  assuming  that  portion  of  the'  run  when  the  loco- 
niolive  is  taking  power. 
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Split- phase. 

2,400  Volts 
Direct  Current . 

Ruling 
Grade. 

Level. 

Jluling 
Grade. 

Level. 

Starting  n^sistanccs  

A V heel  correction  

Per  cent. 
89-3 

97-  8 
98.6 

98-  0 
98-0 
95-0 

^  oc  a  a  ct  ^ 

Per  cent. 
89- 3 
97-9 
09-2 

Per  cent. 
8*v0 
95-9 
99-4 

Combined  efficiency  .... 
Average  of  grade  an'l  U:\  r\ 

73 '7  70-5 

80*6 

82-0 

73  •  1  per  cent 

S4  -  'i  per  cent. 

( To  bt  continued.) 


Institution  of  Municipal  and  County  Engineers.— The  date  for 
the  annual  conference  of  tlie  Institution  of  Municipal  and 
County  Engine&rs,  which  is  to  held  in  Clieltenham,  has  been 
fixed  definitely  for  June  '」4tli,  '」r>Ui，  'J(Uli,  and  27tli  next. 】t 
has  been  decided  to  make  a  special  feature  of  town  planning 
and  also  of  roads,  and,  if  possible,  to  arrange  for  an  exhibition 
of  town  plans. 


VANADIUM  IN  BRASS. 

Tiik  properties  of  special  brasses  were  discussed  in  a  | 叫, *'r 
on  "  Vanadium  in  Brass,"  by  M('"r、  R.  J.  Dunn  and  ().  Y . 
Hudson,  read  at  a  recent  meeting  of  the  Birniingham  Section 
of  the  Institute  of  Metals.  Small  quantities  of  other  metals, 
said  Mr.  Hudson,  who  read  tlie  paper,  were  often  inten- 
tionally added  to  copper-zinc  alloys  in  order  to  produce 
brasses  which  had  special  (jiialit  and  had  been  called 
" special  brasses."  The  metals  most  commonly  used  were 
tin,  lead,  iron,  manganese,  and  aluminium,  giving  naval 
brass,  delta  metal,  manganese  bronze,  and  many  other  well- 
known  alloys.  Vanadium  was  also  used  to  some  extent,  and 
was  added  in  the  form  of  cupro-vanadium,  tlie  resulting 
brass  being  known  generally  as  vanadiuni  bronze."  '1'h*- 
majority  of  special  brasses  contained  about  55  to  60  per  cent, 
of  copper,  and  sometimes  less,  the  one  or  more  added  metals 
replacing  part  of  the  zinc.  Tlioir  inoclianical  properties 
were  superior  to  those  of  the  corresponding  ordinary  brasses, 
at  least  as  regarded  tensile  strength.  The  elastic  limit  also 
was  usually  raised  and  the  alloys  were  harder.  At  the 〜； im*' 
time  the  ductility  was  not  much  affected  or  was  sufficient  for 
the  purpose  to  which  the  brass  was  to  be  put.  In  addition 
many  special  brasses  were  of  particular  value  owing  to  their 
power  of  resisting  corrosion.  Puljlished  results  (although 
few  in  number)  of  tests  of  vanadium  brasses  indicated  that 
the  use  of  cuj)ro-vanadium  gave  considerable  increase  of 
strength,  and  it  was  also  stated  that  it  niuch  reduced  the 
tendency  to  corrosion.  The  work  which  the  authors  had 
carried  out  was  designed  to  ascertain  if  small  percentages 
of  vanadium  had  any  effoct  on  the  constitution  and  structure 
of  copper-zinc  alloys,  and  the  conclusion  was  that  on  the 
whole  annealing  appeared  to  have  rather  less  effect  on 
vanadium  brasses  than  on  pure  brasses.  It  was  probable 
that  the  beneficial  effect  of  vanadium  was  largely  due  to  its 
deoxidising  power,  but  in  that  and  in  other  respects  it  "；卜 
difficult  to  estimate  the  exact  effect  of  vanadium  owing  to 
the  comparatively  large  amounts  of  aluminium  and  other 
metals  present  in  many  samples  of  commercial  cu  pro- 
vanadium. 


OFFICIAL  TESTS  WITH  FIRE  EXTINGUISHERS. 

The  British  Fire  Prevention  Committee  devoted  considerable 
time  last  year  to  an  exhaustive  investigation  into  the  re- 
liability of  existing  portable  chemical  fire  extinguisher-,  in 
which  enquiry  they  had  the  co-operation  of  a  number  of 
Government  departments,  corporations,  and  institutions,  wlio 
lent  the  committee  extinguishers  which  had  been  in  their  pos- 
session, for  periods  varying  from  a  few  months  to  as  long  as 
35  years.  The  reports  on  these  investigations  have  been 
issued  by  the  British  Fire  Prevention  Committee  as  Red 
Book's  Nos.  185  and  186，  of  which  the  latter  may  be  deemed 
the  more  important,  and  contains  a  comparative  table  as  to 
the  results  of  tests  with  about  100  appliances  in  all.  It  is  in- 
teresting to  observe  that  the  great  majority  of  the  appliances 
under  test  were  of  British  malce,  and  that  all  existent  tvpes 
of  extinguishers  (although  not  every  individual  make)  were 
under  investigation.  Regarding  the  strength  of  the 
appliances  and  their  aptitude  to  burst  which  has  caused 
fatalities,  it  is  interesting  to  observe  that  out  of  a  series  of 
57  extinguishers  tested  hydraulically,  10  failed  at  under 
:n01bs.  pressure,  and  8  failed  to  withstand  the  committee's 
official  3501bs.  pressure  test,  whilst  33  passed  the  last-named 
test.  Several  already  burst  at  2001bs.  Tlie  working  pressure 
generated  by  one  of  the  extinguishers  when  the  nozzle  was 
closed,  was  3101bs.,  and  in  another  case  it  was  3401bs.,  which 
plainly  shows  the  wisdom  of  the  committee  insisting  on  a 
margin  of  safety  for  the  future.  The  Fire  Prevention  Com- 
mittee^ reports  deal  with  many  aspects  of  the  extinguisher 
question,  and  Memorandum  III.  (signed  on  behalf  of  the 
Extinguisher  Research  Sub-cominittee,  Mr.  D.  \V.  Wood ) 
is  a  particularly  valuable  contribution.  The  principal  series 
of  tests  were  conducted  by  a  sub-committee  comprising  two 
district  surveyors,  seven  fire  brigade  officers,  two  insurance 
surveyors,  two  insurance  experts,  and  a  chemist,  under  the 
supervision  of  the  executive  and  representatives  of  the  com- 
mittee's council. 
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BOOK  REVIEWS. 

Fowler's  Mechanical  Engineer's  Pocket-book,  1914.  By  William 
H.  Fowler,  M.Inst.C.E.,  M.I.Medi.E.，  Scientific 
Publishing  Company,  Manchester.  Gin.  by  3.^11. ； 
576  pp.  Price  Is.  6d.  net,  cloth,  or  superior  binding, 
gilt  edges,  2s.  6d.  net. 
In  this,  the  16th  annual  edition  of  this  cheap  and  com- 
pLMidious  reference  book  of  mechanical  engineering,  the 
author  has,  we  notice,  taken  advantage  of  its  annual  pub- 
lication to  bring  it  up  to  date  in  respect  to  various  develop- 
ments in  power  practice.  The  Board  of  Trade  rules  on  boiler 
l'o nst ruction  have  been  overhauled  and  the  latest  modifica- 
tions embodied.  We  notice  also  that  the  Bone  system  of 
surface  combustion  and  Nicolson's  experiments  on  gaseous 
high  speed  and  their  effect  on  heat  transmission  are  fully 
explained  and  reduced  to  figures,  while  some  useful  data 
are  compiled  from  various  sources  on  the  subject  of 
heat  transmission  through  boiler  plates.  The  sections 
relating  to  steam  turbines  and.  large  gas  engines  have 
been  similarly  revised,  while  that  on  pumps  gives  some 
interesting  data  and  includes  a  description  and  figures  of 
tests  of  the  latest  development  in  this  direction,  viz., 
Humphrey's  gas  pump.  These  do  not  embrace  all  the 
emendations,  but  they  serve  to  show  the  up-to-date- 
ness of  this  now  well-established  publication.  Finally, 
a  word  of  praise  should,  be  paid  to  the  excellence  of 
the  innumerable  tables  of  data  with  which  the  book  is  fur- 
nished, and  especially  the  steam  table,  which  has  been  com- 
piled by  W.  W.  F.  Pullen,  and  gives  the  properties  of  steam 
up  to  pressures  of  2501bs.  on  the  inch.  The  book  is  extra- 
ordinary value  for  the  money,  even  in  these  days  of  cheap 
t,  rlmical  text-books. 

Fowler's  Mechanics  and  Machinists'  Pocket-book  and  Diary,  1914. 
Manchester :  Scientific  Publishing  Company.  Gin.  by 
3|in.  ；  450  pp.    Price  6d. 

450  pages  of  carefully  selected  technical  information 
bearing  on  the  design ,  construction,  and  working  of  all  kinds 
of  machine  tools,  collated  and  digested  so  as  to  permit  of 
quick  reference ― and  all  for  sixpence ~ is,  we  think 3  about  the 
high-water  mark  of  cheapness  in  technical  literature.  It  is 
certainly  marvellous  money  value,  and  is,  of  course,  only 
possible  on  the  basis  of  the  enormous  circulation  which  the 
book  has  acquired,  not  only  in  the  United  Kingdom  but  in 
the  British  Colonies  and  the  United  States.  No  other  book 
can  compare  with  it  for  range  or  usefulness  of  information, 
even  at  many  times  the  price.  The  book  is  absolutely  free 
from  padding  or  puffing,  and  this  feature  has  doubtless 
contributed  largely  to  the  esteem  in  which  it  is  held  by 
jnacliine  workers,  foremen,  and  draughtsmen  all  over  the 
world. 

*    *  * 

The  Mechanical  Engineer's  Reference  Books.  By  H.  H.  Suplee, 
Lippincott  Company,  Philadelphia  ；  Chas.  Griffin  &  Co. ， 
London.     6Jin.  by  4^in.  ；  964  pp.    Fourth  edition. 

Tliis  book  contains  a  wide  assortment  of  information  in 
the  way  of  mathematical  tables,  weights  of  materials,  pro- 
portions of  parts,  and  data  relating  to  boilers,  engines,  pumps, 
and  electrical  machinery,  but  it  is  an  American  production, 
and  much  of  the  information  necessarily  pertains  to 
American  practice.  At  the  same  time  there  is  much 
which  the  British  draughtsman  or  engineer  will  find  useful. 
The  book  is  clearly  printed,  though  the  type  is  small  and 
the  paper  thin,  while  the  tables  are  also  very  clearly  arranged. 
No  indication,  however,  is  given  as  to  the  price.  This  defect 
is  (— 'ommon  with  many  publications,  though  we  fail  to  see 
what  advantage  can  accrue  to  either  authors  or  publishers 
from  the  suppression  of  this  fact,  or  why  it  should  not  be 
clearly  set  forth  on  the  title  page. 

A\olcsworth'$  Pocket-book  of  Engineering  Formulae.    27th  edition. 
By  Sir  Guilford,  L.,  and  Henry  Bridges  Molesworth, 
with  an  Electrical  Supplement  by  Walter  H.  Molesworth. 
London  :  E.'  &  R  N.  Spon.    936  pp.    Price  5s.  net. 
This  friend  of  our  early  days  still  preserves  the  affec- 
tionate regard  of  a  large  section  of  engineers ~ more  especially 


those  who  are  engaged  in  what  is  conventionally  termed  civil 
in  contradistinction  to  mechanical  engineering.  Though  the 
requirements  of  the  latter  in  the  shape  of  pocket-boaks  of 
reference  have  been  more  amply  and  specially  met  during 
recent  years  owing  to  its  rapid  growth  and  specialisation, 
there  is  no  hard  and  fast  line  of  demarcation  between  the 
two  branches,  and  the  book  under  notice  contains  川 urli 
matter  that  is  of  service  to  the  one  as  well  as  the  other,  while 
in  addition  a  special  supplement  of  some  100  pages  is  devoted 
entirely  to  electrical  data.  Although  three  joint  authors 
are  engaged  in  this  production,  they  all  possess  the  family 
name  of  the  founder,  which  has  become  a  household  word 
amongst  engineers.  It  is,  of  course,  impossible  to  summarise 
the  contents  of  a  reference  book  such  as  this  ；  we  content 
ourselves  therefore  with  saying  that  it  is  brought  up  to  date 
and  fully  maintains  its  traditional  reputation. 

Dictionary  of  German-English  and  English-German.      By  Max 

Bellow.  London  ：  Longmans,  Green,  &  Co.  806  pp. 
Price  6s.  net. 

A  dictionary  does  not  usually  offer  much  for  the  reviewer 
to'  iiotioe  in  the  columns  of  a  technical  journal,  but  the  one 
under  notice  has  some  exceptional  features  which  differen- 
tiate it  from  the  common  run,  as  far  as  engineers  are  con- 
cerned, since  special  attention  has  been  paid  to  the  many  new 
technical  words  which  have  crept  into  all  European  languages 
of  recent  years,  as  a  result  of  scientific  discoveries  and  the 
evolution  of_  new  branches  in  mechanical  and  electrical  en- 
gineering. The  lexicographer  may  be  excused  if  lie  ordinarily 
passes  over  many  of  these,  for  they  do  not  come  under  his 
ken  unless  he  specially  looks  for  them,  and  their  equivalent 
is  equally  difficult  to  find  in  a  foreign  tongue  without  expert 
assistance.  In  this  respect  the  author  has  been  fortunate, 
and  without  pretending  to  be  a  dictionary  of  technical  terms 
it  will  be  found  to  contain  most  of  those  the  general  reader 
is  likely  to  came  across  or  require  in  his-  average  reading  or 
correspondence.  A  word  of  praise  is  deserved  for  the  ex- 
cellence of  the  type  and  the  clearness  of  the  printing ― small 
details,  perhaps,  but  very  important  in  a  work  of  this  kind. 


PREVENTING  PIPING  IN  STEEL  INGOTS  AND  CASTINGS. 

Numerous  processes  have  been  proposed  for  the  purpose  of 
preventing  piping  in  steel  ingots  and  in  metal  castings 
generally.  In  the  case  of  steel  ingots  particularly,  piping 
results  in  considerable  loss,  for  a  relatively  large  portion  of 
the  ingot  in  which  the  piping  occurs  is  of  no  value  for  rolling 
or  subsequent  mechanical  treatment,  and  has  to  be  re-melted. 
】）iping  is  largely  due  to  the  unequal  contraction  of  the  mass 
of  metal  in  cooling,  which,  together  with  unequal  cooling, 
results  in  the  centre  of  the  ingot  shrinking.  To  prevent 
piping  it  has  been  proposed  to  cast  the  metal  under  pressure, 
or  to'  cast  in  moulds  in  which  the  cross-section  of  the  ingot  is 
reduced  by  forcing  the  metal  during  cooling  through  an  aper- 
ture  of  progressively  contracting  cross-section.  Other  methods 
for  preventing  piping  are  based  upon  tlie  principle  of  regu- 
lating the  cooling  so  as  to  ensure  equal  contraction  of  the 
mass  of  metal  ；  the  higher  portion  of  the  ingot  or  the  gate  of 
the  casting  being  retained  at  a  higher  temperature  than  the 
lower  portions,  or  retained  in  a  fluid  condition  during  the 
solidification  of  the  lower  portions,  so  that  the  fused  metal 
follows  downward  the  solidifying  metal.  For  this  purpose 
it  has  been  proposed  to  employ  as  heating  means  gases  or 
mineral  oils  or  a  cap  of  solid  fuel  which  is  burned  under  the 
influence  of  a  jet  of  air  or  a  cap  of  an  alumino  thermic 
material. 

Another  process  has  recently  been  patented  by  Messrs. 
Gio.  Ansaldo  &  Co.，  No.  2，  Corso  Andrea  Podesta,  Genoa, 
Italy,  in  which  the  ingot  or  casting  is  heated  by  electric 
currents  induced  in  the  metal  by  means  of  an  alternating 
current  in  a  metal  coil  surrounding  the  metal  to  be  treated. 
The  heating  apparatus  for  carrying  out  the  process  comprises 
essentially  a  hollow  annular  casing  adapted  to  surround  a 
greater  or  smaller  part  (according  to  the  size  of  the  ingot 
to  be  produced)  of  the  ingot  mould  and  a  coil  or  coils  of  con- 
ductor. This  casing  is  capable-  of  being  shifted  axially  in 
relation  to  the  mould  or  is  arranged  so  that  tlie  heating  zone 
may  be  raised  in  a  vertical  direction.      The  accompanying 
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illustration  shows  the  apparatus  applied  to  an  ingot  mould. 
An  alternating  electric  current  Hows  in  the  coiled  metal  wire 
which  is  protected  by  a  hollow  cylindrical  casing  A  of  refrac- 
tory material.  J  nduced  currcMiis  are  set  up  in  the  mass  of 
steel  constituting  the  ingot  or  casting  by  the  alternating 
t.urrent,  the  characteristic  features  of  the  induced  current  de- 
pending upon  the  periodicity  of  the  alternating  current  in 
the  coil.  . 

The  process  is  carried  into  effect  as  follows  ：  Referring 
tu  the  illustration,  when  all  the  steel  required  to  constitute 
the  ingot  has  been  poured  into  the  mould,  the  heating  cas- 
ing A  surrounding  the  mould  occupies  its  lowest  position,  lor 
instance,  the  position  A  shown  in  full  line  on  the  illustration. 

As  soon  as  the'  lieating  commences 
•_•—?_?、""；  the  annular  lieating  apparatus  is 
raised  gradually  until  it  occupies 
the  position  B  indicated  in 
lilies,  wherei  it  encircles  the 
liighest  portion  oi  the  ingot 
mould.  The  intensity  of  the 
heating  and  the  most  convenient 
means  for  shifting  the  heating 
zonei  in  relation  to  tlie  mould 
depends  greatly  on  the  shape, 
dimensions,  and  material  of  the 
mould,  the  t&mperature  of  the 
steel  at  the  tim-e  of  pouring,  the 
corn  position  of  tlie  steel,  and  must 
be  determined  by  trial  in  each 
case.  In  cases  wherei  the  heating 
is  not  too  intense  ordinary  ingot 
moulds  of  metal,  such  as  cast  iron, 
may  be  employed.  Even  in  such 
cases,  however,  it  is  advisable  to 
provide  the  ingot  mould  with  a 
lining  of  refractory  material. 
When  the  heating  is  intense 
the  ingot  mould  must  be  made  wholly  or  in  part  of  refrac- 
tory material.  The  process  is  equally  applicable  to  all  kinds 
of  steel  castings,  in  moulds  having  shapes  very  different  from 
the  usual  ingot  shape,  and  excellent  results  have,  it  is 
stated,  been  obtained  in  such  cases.  Instead  of  shifting  the 
heating  apparatus  gradually  from  the  bottom  to  the  top  of 
the  ingot  mould,  the  apparatus  may  be  constructed  of  such 
length  as  to  envelop  the  entire  length  of  the1  ingot  mould, 
and  be  operated  in  successive  sections,  each  section  correspond- 
ing in  length  to  the  portion  of  the  ingot  mould  which  is  to  be 
heated  at  the  time. 


Apparatus  fob  PREVKNTiv(i 
Piping  in  Steel  Ingots. 


The  Junior  Institution  of  Engineers :  North-western  Section. ― 

The  members  of  the  North-western  Section  of  the  Junior 
Institution  of  Engineers  paid  a  visit  to  the  Broadheath  works 
of  the  Linotype  and  Machinery,  Ltd.,  on  Saturday  afternoon, 
the  17th  ult.  They  were  conducted  over  the  works  by  mem- 
bers of  the  staff,  and  were  shown  many  of  the  latest  and  best 
things  in  the  priiiting-macliine  trade.  One  of  the  most 
remarkable  features  seen  was  the  extreme  accuracy  observed 
in  manufacture  and  the  up-to-date  testing  appliances  in- 
stalled in  the  works  to  test  and  ensure  this  high  standard 
of  accuracy.  At  the  close  of  the  visit  a  hearty  vote  of 
tlianks  to  the  Linotype  and  Machinery,  Ltd.,  for  the  privi- 
lege afforded  the  Institution  was  moved  by  Mr.  Hatch  and 
seconded  by  Mr.  Hird  and  cordially  carried.  Mr.  C.  H. 
Prichard  responded  on  behalf  of  the  company.  A  meeting 
of  the  section  was  held  in  Manchester  on  Friday  evening, 
the  23rd  ult.  A  discussion  on  "  TJie  Metric  versus  British 
Systems"  was  opened  by  Mr.  C,  H.  Prichard,  who  spoke  in 
favour  of  the  adoption  of  the  metric  system.  In  the  dis- 
cussion which  followed  objections  were  raised  to  any  change 
"being  made  because  of  the  practical  difficulties  in  the  way, 
such  as  existing  gauges,  measuring  tools,  &c.  On  the  other 
hand,  commercial  advantages  in  using  the  metric  system 
when  trading  with  countries  using  thai.  svsteTti  woro  well 
illustrated.  The  presidential  address  on  "  The  Future  of  Oil 
Fuel,''  by  Sir  Boverton  Redwood,  l^art,,  I). Sc.,  F.R.S.E., 
M.lnst.M.E.,  F.I.C"  &c"  President  of  the  Junior  Institution 
of  Engineers,  was  read  by  Mr.  ； ST.  Gerard  Smith  before  a 
meeting  of  this  section  of  the  Institution,  held  iu  Manchrstcr 
on  Thursday,  January  29th. 


EXPLOSION  OF  AN  OIL  SEPARATOR. 

On  January  28tli  and  29th  a  {t  formal  "  Board  of  Tra 山' 
enquiry  was  held  at  the  Stevenson  Memorial  Hall,  Chester- 
field, the  Conirnissioiiers  l)ei"g  Mr.  A.  H.  Hence-.Joiic  ， 
barrister,  and  Mr.  A.  T.  Magiiniis,  M.In.st.C.E.,  to  eiiquire 
into  the  circumstances  attending  the  explosion  of  an  oil 
separator  which  occurred  at  the  Devonshire  Woi  k:s  of  the 
Staveley  Iron  Company  on  April  2nd  of  last  year,  killing  one 
man  and  injuring  three  otlifi  s. 

It  appears  that  on  the  day  of  the  accident  it  became 
necessary  to  change  the  direction  of  flow  of  exhaust  steam 
from  one  of  the  engines  at  the  works,  which  was  then  dis- 
charging through  an  oil  separator  into  a  water  tank,  so  as  to 
divert  the  exhaust  into  the  steam  main  leading  to  a  turbine, 
and  the  works  engineer,  to  make  the  change,  took  several 
men  with  him  to  the  top  of  the  separator  in  case  the  change- 
oiver  valve,  which  was  of  the  sluice  type,  should  prove  stiff  to 
move.  In  addition  to  this  valve  there  was  also  a  wing  valve 
fitted  with  -a  balance  lever,  wliich  was  operated  automati- 
cally and  swung  over  to  cut  off  the  opening  to  the  water 
tank,  and  the  deceased  was  inadvertently  standing  in  such 
a  position  that  when  the  lever  swung  over  as  it  was  intended 
to  do  it  jammed  his  legs  against  the  chest  of  the  sluice  valve. 
It  was  impossible  to  release  him  without  stopping  the  en- 
gines, and  the  engineer  turned  away  to  give  instructions  for 
this  to  be  done.  At  the  same  moment  one  of  the  other  men 
closed  the  sluice  valve  again,  thinking  this  would  relieve  the 
pressure  on  the  man  who  was  held  fast,  as  he  was  being 
crushed.  The  effect,  however,  was  to  cause  an  excess  of  pres- 
sure in  the  oil  separator,  which  was  about  7ft.  diam"  and 
it  almost  immediately  afterwards  burst,  with  the  results 
stated. 

Evidence  was  given  to  show  that  the  explosion  was  due 
to  the  accumulation  of  back  pressure  in  the  exhaust  from 
the  engine,  owing  to  the  closing  of  the  two  exhaust  passages, 
and  that  the  separator  was  amply  strong  for  the  work  it  was 
normally  designed  to  perform. 

In  delivering  judgment,  Mr.  Bence-Jones  said  Mr. 
Maginnis  and  himself  were  of  opinion  that  the  enquiry 
showed  the  imperative  necessity  of  ptting  a  safety  valve  not 
liable  to  be  shut  off  on  all  steam  receptacles,  pipe  ranges, 
&c"  whether  exhaust  or  otherwise,  when  there  was  even  a 
remote  chance  (as  in  this  case)  that  all  outlets  might  be  closed. 
He  then  dealt  seriatim  with  thei  questions  put  to  them  by 
Mr.  Vaux  on  behalf  of  the  Board  of  Trade. 

Question  1  ：  When  and  by  whom  was  the  separator  which 
exploded  made,  and  when  was  it  fitted  up  at  the  Devonshire 
Works?    At  what  pressure  was  it  worked  thereafter  ？ 

Answer  :  It  was  mad©  in  th©  year  1906  by  the  Baker  Oil 
Separator  Company,  Ltd.,  now  of  Hunslet,  Leeds.  It  was 
fitted  at  the  Devonshire  Works  some  mouths  later  by  the 
Staveley  Coal  and  Iron  Company,  Ltd.  Thereafter  it  was 
worked  at  exhaust  pressure  up  to  91bs. 

Question  2 :  Was  the  separator  fitted  with  adequate 
mountings,  and  was  the  arrangement  such  as  to  ensure  safety 
in  working  ？  « 

Answer :  Yes,  under  normal  working  circumstances. 

Question  3  :  Were  proper  measures  taken  by  the  Staveley 
Coal  and  Iron  Company,  Mr.  Charles  P.  Markham,  the 
chairman  of  directors,  and  Mr.  Ronald  Fowler,  engineer 
of  the  Devonshire  Works,  to  ensure  that  the  separator  was 
worked  under  safe  conditions  ？ 

Answer  ：  Yes 

Question  4  ：  What  was  the  cause  of  the  explosion  ■' 
Answer :  Efforts  to  release  a  workman  who  was  fatallv 
jambed  by  the  lever  of  the  change-over  valve,  which  effort.; 
consisted  in  hurriedly  closing  an  outlet  valve  on  the  exhaust 
system,  and  so  allowing  undue  pressure  to  be  put  upon  the 
shell  of  the  separator. 

In  regard  to  the  question  whether  the  Staveley  Coal  and 
Iron  Conipauy,  or  any  of  its  servants,  were  to  blame  for  the 
explosion,  he  said  their  answer  was  "  No/'  as  the  explosion 
was  brought  about  by  an  accident  to  one  of  the  workmen,  and, 
under  these  circumstances,  the  Court  made  no  order  as  to  the 
costs  of  the  investigation. 
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THE  MEASUREMENT  OF  STRESSES  IN  MATERIALS  AND 
STRUCTURES, 

BY  PROF.  E.  G.  COKER,  M.A.,  D.SC. 

(Continued  from  page  110.) 

The  stresses  produced  in  beams  subjected  to  given  uniform 
bending  moments  have  been  examined  by  measuring  the 
thermal  changes  produced  at  various  points  in  the  cross- 
section,  and  in  the  example  shown  by  Fig.  21  a  steel  bar, 
I-beam,  was  examined  at  five  different  places  by  means  of 
a  thermopile  pressed  against  the  metal  of  the  flanges  and  the 
web.    The  deflections  of  a  galvanometer  in  circuit  with  the 


thei*mopile  were  obtained  for  approximately  equal  loaxlinys 
applied  at  a  uniform  rate,  and  the  corrections  for  radiation 
and  conductions  were  determined  by  observation  of  the  change 
in  reading  when  the  load  was  maintained  at  its  highest  value. 
The  observed  and  corrected  readings  for  this  case  are  plotted 
in  the  accompanying  diagram  (Fig.  21)  as  curves  start  ing 
from  the  points  of  observation,  and  the  maximum  values  are 
used  to  infer  the  stress  distribution  across  the  section.  The 
experimental  values  show  that  there  is  a  linear  distribution 
of  the  stress  across  the  section,  a  result  which  was  confirmed 
by  independent  strain  measurements. 

In  another  test  of  a  bent  beam  the  measurements  of  strain 
and  thermal  change  were  not  in  good  agreement,  and  it  is 
therefore  important  to  determine  the  reason  for  the  dis- 
crepancy. The  beam  subjected  to  test  was  a  channel  section 
carried  on  supports  60in.  apart,  the  load  being  applied  in 
equal  halves  at  points  9in.  distant  from  the  centre  of  the 
beam.  Strain  measurements  with  a  roller  extensometer 
showed  a  normal  linear  distribution  across  the  section  of  the 
beam,  corresponding  to  those  described  in  Fig.  4  ；  and 
apparently  we  have  here  what  appears  to  be  an  ordinary 
case  of  bending,  since  the  distribution  is  similar  to  the  pre- 
vious case.  A  number  of  thermal  measurements  were  made 
at  different  points  of  the  cross- section,  which  showed,  however, 
that  this  was  not  the  case.  It  is  not  necessary  to  give  here 
all  the  detailed  observations  which  were  recorded,  as  the 
experimental  observations  are  necessarily  very  numerous  and 
the  corrections  laborious.  All  the  experimental  curves 
yielded  results  of  a  similar  type,  and  since  the  testing  machine 
was  so  constructed  that  the  loading  could  not  always  be 
stopped  exactly  at  the  required  maximum,  a  small  propor- 
tional correction  is  required  in  a  few  cases  to  reduce  the 
readings  to  a  common  basis.  When  this  is  done  readings  are 
obtained  proportional  to  the  applied  bending  moment,  as 
indicated  in  Table  IX.  And  these  values  are  plotted  in  the 
correct  relation  to  the  section  on  Fig.  22a.  The  thermal 
indications  are  here  no  longer  proportional  to  the  distance 
from  the  centre  of  the  depth  of  the  beam,  as  are  the  strain 
measurements,  and  we  infer  that  the  distortion  of  the  web 
produces  stresses  and  strains  in  a  direction  at  right  angles 
to  the  length  of  the  beam  owing  to  the  want  of  symmetry 
of  the  section,  and  a  thermal  effect  is  produced  proportional 

*  Cantor  lectures  delivered  before  the  Royal  Society  of  Arts,  December,  1913， 
and  re])roduccd  from  the  Journal  of  the  Society. 


to  the  sum  of  the  principal  stresses  at  the  place  of  observation. 
Tlie  strain -measuring  instrument  is,  however,  unable  to 
measure  both  principal  strains,  and  it  fails,  in  fact,  to  reveal 
the  serious  change  in  the  stress  distribution  arising  from 
the  want  of  symmetry  of  the  beam. 

Table  IX. 


Ben  'ing 
Moment . 
Inch-lbs. 

Position  of  Thermopile. 

Top 
Flange  of 
Beam. 

1  i;m.  above 
Centre  of 
Depth. 

Centre  of 
Depth. 

Igin.  below 
Centre  of 
Depth. 

Bottom 
Flange 
of  Beam. 

1  o  o  o 
1  —  so 

18-62 
1305 
6-17 

5-22 
341 
1-64 

1 

1  O 寸卜 
A  二  6 

I  o  o  o 
1  o  卜 

o 卜 卜 

Stress  distribution  may  also  change  owing  to  the  bending 
of  members  subjected  tx>  pure  compression,  and  an  example 
of  this  is  afforded  by  pillars.  Thermal  measurement  is 
capable  of  detecting  stress  distribution  of  tliis  kind,  as  shown 
1'v  the  following  experiment  upon  a  steel  compresssion  mem- 
ber, 15in.  long  and  l  jjin.  by  |in.  in  cross-section,  subjected  to 
a  load  of  4,0001bs.  The  thermopile  used  in  this  case  was  a 
linear  one  pressed  against  the  broad  face  of  the  specimen  at 
various  points  of  the  length.  The  maximum  deflections 
differed  very  little  from  one  another,  and  there  was  no  per- 
ceptible lag  of  the  galvanometer,  so  that  the  corrections  to 
be  applied  afFect  all  the  measurements  nearly  equally.  The 
actual  readings  therefore  give  the  comparative  distribution 
of  stress  in  the  member,  and  are  plotted  as  orclinates  in  their 
proprr  positions  with  reference  to  the  points  of  observation. 
The  measurements  show  (Fig.  22b)  that  there  is  a  decided 
increase  on  stress  intensity  in  this  short  pillar  as  we  approach 
the  centre,  and  they  demonstrate  the  possibilities  of  thermal 
measurement  for  this  type  of  experimental  investigation. 
It  is  also  worthy  of  mention  that  thermal  effects  proportional 
to  the  stress  have  been  obtained  in  cement  blocks  of  consider- 
able age ，十  and  in  bodies  like'  stone  and  slate,  but  no  such 
effects  were  obtained  with  specimens  of  cement  and  concrete 
when  subjected  to  compression  or  bending  stress,  a  few  months 
after  moulding. 

Effects  due  to  the  differences  of  thermo-electric  condition 
of  stressed  and  unstressed  metal  have  also  been  observed  by 
Magnus  and  Thomson,  while  the  later  researches  of  Ewing 
have  shown  that  within  the  elastic  limit  the  thermo-electric 
values  obtained  are  not  proportional  to  the  stress,  and  are 
also  affected  by  previous  stress  actions.  The  thermo-electric 
quality  in  relation  to  a  cycle  of  stress  is,  in  general,  repre- 
sented by  a  closed  or  nearly  closed  curve,  and  the  same  stress 
may  therefore  correspond  to  widely  different  thermo-electric 


Dtifltef 


Thermal  Test 
of  Channel 


Fig.  22a. 

values,  which,  however,  tend  to  reach  approximate  equality 
if  the  metal  is  mechanically  vibrated  during  the  application 
and  removal  of  load.  An  example  (Fig.  23),  taken  from  my 
laboratory  notebook,  indicates  the  general  nature  of  the 
thermo-electric  effect  at  the  junction  between  stressed  and 
unstressed  iron  wire  when  treated  by  steam  at  atmospheric 
pressure.  A  cycle  of  stress  within  the  elastic  limit  of  the 
material  produces  thermo-electric  changes  (curve  1 )  wiiich 
differ  for  loading  and  unloading,  and  in  the  succeeding  stress 
cycles  the  effects  of  the  previous  loadings  appear  greatly  to 
influence  the  thermo-electric  state,  so  that  we  have  no  very 

t  ' '  The  Relation  of  Thermal  Change  to  Tension  and  Compression  Stress."  By 
E.  G.  Coker  aud  C.  M.  McKei^ow.  "  Transactions,"  Royal  Society.  Canada, 
1904. 
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certain  means  of  determining  stress  distribution  in  m;iierials 
by  observing  its  tliermo-electric  condition. 

hi  considering  oilier  possible  ways  of  de"'rmiiii»ig  the  dis- 
tribution of  stress  in  materials,  it  has  already  been  seen  liow 
important  it,  is  to  measure  the  stress  at  a  jxiint ,  and  tlit' 
preceding  discussion  has  shown  some  of  the  advantages,  and 
also  the  difficulties  wliicli  uro  met  with,  when  strains  or 
theniwil  effects  of  stress  are  used  lor  this  purpose.  If,  how- 
ever, a  body  is  elastic  we  may 
make  use  of  any  of  the  properties 
it  possesses  which  will  allow  us  "> 
in IVi'  the  stress  distrilmtion ,  an<l 
in  t  his  reHpccl  it  is  of  impodam';' 
to  not e  tliat  man v  t  ran^pai-ciil 
bodies  when  loaded  acquire  the 
temporary  property  of  doubly  re- 
rractin^  t lie  light  passing  through 
t  Iumii.  This  property,  discovered 
by  】{rewt't,er，  is  of  great  inl  (M't'st 
and  importances  as  it  fiu-nislies, 
filtliou^li  soinewliat  indi rect  1  v,  a 
measure  of  the  stress  at  a  point . 
Double  refraction  is  not  usually 
observed  in  transparent  bodies 
uncler  stress  owing  to  the  ordi- 
nary conditions  not  being  favour- 
able for  observation,  hut  if  t  lie 
li^lit  [) a^si ng  through  a  str essed 
object  is  such  that  its  trans- 
verse vibrations  are  of  par- 
ticular types,  the  effects  of  stress 
may  b©  readily  made  visible  to 
the  eye.  A  bcinn  ol'  light ,  in  wliicli  all  the  transverse  vibra- 
tions are  executed  in  one  plane,  alFords  a  ready  means  of 
detecting  double  refraction,  and  a  simple  means  of  obtaining 
light  of  this  kind  is  to  cause  a  beam  of  ordinary  light  to 
impinge  upon  a  black  glass  surface  at  a  particular  angle  ； 
the  reflected  beam  is  then  found  to  be  of  the  typ&  required, 
or  plaiie-polai*ised,  as  it  is  usually  termed.  If  such  a  beam 
is  transmitted  through  a  stressed  transparent  plate  it  it: 
broken  up  into  two  distinct  beams  executing  vibrations  in 
】）laiies  at  right  angles  to  each  other,  and  to  the  line  of  direc- 
tion of  tlie  pencil.  This  selective  effect  is,  moreover,  accom- 
panied by  a  retardation  of  the  velocity  of  propagation  of 
l)()t  h  waves  during  their  passage  through  the  stressed  medium, 
of  different  degree,  so  that  when  they  emerge  there  is 
a  pliase  difference  of  vibration,  which  persists  in  their  sub 
sof|iiont  passage  ilirough  the  air.  Waves  of  light  of  this  kind 
(Jo  not  interfere  with  eacli  other  so  long  as  the  vibrations 
are  in  perpendicular  j)lanes,  but  if  the  vibrations  take  \A-av\- 
in  the  same  plane  an  interference  effect  is  producsd,  wliicli 
may  be  very  imperfectly  likened  to  that  produced  by  two 
systems  of  water  waves  travelling  in  the  same  direction  with 
different  velocities.  The  combined  effect  of  the  two  systems 
may,  at  some  places,  give  a  wave  of  greater  amplitude,  while 
at  others,  where  the  crests  and  hollows  coincide,  there  may 
be  little  or  no  motion.  Components  with  reference  to  anv 
given  plane  of  waves  of  light  vibrating  at  right  angles  may 
be  readily  obtained  by  using  optical  devices  like  Nicol's  prisms, 
black  glass,  reflectors,  and  the  like,  and  if  the  light  used  is 
homogeneous  in  character  we  observe  the-  effects  of  inter- 
ference by  the  increased  intensity  of  light  at  some  places  on 
the  stressed  specimen,  and  lessened  intensity  at  others,  or  if 
white  light  is  used  in  which  the  vibrations  are  more  complex 
we  obtain  reimu'kahle  colour  effects. 

We  have  already  seen  that  the  distribution  of  stress  in  a 
plate  may  be  regarded  as  determined  if  we  know  at  every 
point  the  directions  of  the  principal  stresses  and  their  magni- 
tudes, and  it  will  be  convenient  to  consider,  first,  how  tho^e 
directions  ran  be  obtained  from  a  consideration  of  the  manner 
i"  which  a  beam  of  plane-polarised  light  is  divided  by  the 
action  of  the  stressed  medium.  Experiment  shows  that  the 
two  component  waves  which  leave  a  stressed  plate  of  trans- 
parent material  vibrate  in  the  directions  of  maxiinum  and 
minimum  stress,  and  if  tlie  polarising  and  analysing  devices 
are  always  arranged  with  their  principal  planes 'at  right 
angles  we  have  an  arrangetnent  which  shows  a  dark  point'  on 
the  stressed  object,  wherever  the  directions  of  !)riiiripal  stress 
correspond  to  these  principal  planes.  Usually  these  places 
appear  as  an  assemblage  of  points,  and  reveaf  tliemselw  ：卜 


dark  bands  or  areas,  wlucl»  cliange  their  positions  as  the 
optical  apparatus  is  rotated,  and  in  this  way  the  positions  of 
the  axes  of  stress  are  defined  for  every  point  of  the  stressed 
object. 

It  we  take  the  centre  line  of  any  band  we  can  at  once 
mark  upon  it  the  angular  positions  of  tlie  pi'iiiripal  ？ ixes  of 
stress,  since  they  correspond  to  tlie  observed  angular  positions 
of  tlie  principal  planes  of  the  polarising  and  analysing 
apparatus,  and  by  extending  these  observations  to  all  parte 
of  tlie  stressed  objert  t he  directions  of  the  axes  of  stress  at 
every  point  can  be  determined  with  consider; 山 If  a'''  ur;i',v. 
If,  for  example,  we  take  a  circular  rin^  of  1  rausparent 
material  cut  across  to  form  a  hook,  and  stress  it  by  means 
of  two  levers  which  force  the  cut  ends  apart,  we  notice  that 
a  black  hand  appears  when  the  object  is  viewed  between 
crossed  Nicol's  prisms  or  tlieir  equivalents.  Tliis  band  marks 
the  places  where  the  principal  axes  of  stress  coi'ics^oiifJ  to 
those  of  the  optical  apparatus,  and  it  moves  wIh'm  t  Im-sc  lat  1<t 
are  turned  through  an  an^le.  Tlie  various  positions  wliirli 
such  bands  can  take  up  afford  a  ready  means  of  deterrniiiin^ 
the  angular  positions  of  the  axes  of  stress,  and  in  general  ； i 
sufiicient  number  can  be  obtained  to  cover  the  specinu  n 
completely.  Fig.  24,  for  example,  shows  the  centre  lines  of 
a  number  of  these  bands  for  tlie  cut  ring  obtained  experi- 
nuMitally  in  this  way,  and  in  addition  the  angular  positions 
of  the  axes  of  stress  are  also  marked,  and  they  form  a  map 
of  the  variations  of  angular  position  of  the  stress  lines. 

It  is  often  convenient,  however,  to  prepare  a  new  diagram 
showing  the  way  in  which  the  directions  of  these  axes  change 
as  we  pass  from  point  to  point,  and  it  will  be  readily  seen 
from  Fig.  24  that  if  we  draw  a  line  from  any  point  traversing 
the  stressed  area  in  the  directions  of  one  set  of  axes  of 
principal  stress,  we  shall  trace  out  a  curve  which  is  every- 
where perpendicular  to  a  second  set  of  axes.  We  can,  in 
fact,  cover  the  area  by  two  sets  of  orthogonal  curves,  wliicli 
show  us  the  directions  of  stress  at  every  point  as  before,  and 
we  then  have  a  new  kind  of  map,  such  as  is  shown  by  Fig.  -."> 
for  the  case  of  tlie  hook,  whirli,  altliougli  it  gives  no  further 
definite  information,  yet  is  more  valuable,  because  it  forms 
a  kind  of  framework  diagram  showing  the  directions  of  tin* 
pulls  and  pushes  in  the  material,  while  the  spacing  between 
the  lines  gives  some  notion  of  the  stress  intensity  at  a  point. 
The  distribution  of  stress  at  any  section  of  this  hook  can  b,' 


Fig.  -23. 

determined,  and  at  the  horizontal  section  it  can  be  readily 
oht ained  with  considerable  accuracv  l)v  coniparing  tlie  optical 
effe<*ts  produced  with  thus"  in  a  single  tension  or  c(nti)»ressio!i 
member,  set  along  tlie  lines  of  principal  stress.  For  this 
purpose  it  is  u  sua  fly  convenient  to  project  a  magnified  image 
of  both  model  and  calibrating  member  upon  a  ween,  so  that 
minute    differences    ill  colour  are  more  readily  observable. 
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Diameter  of 
central  hole. 

V' 

Average  stress 
liitenaity  across 
section. 

^Maximum 
stress 
at  rivet  hole. 

"16 

549 

584 

1,470 

547 

020 

1,500 

A. 

508 

724 

1,770 

570 

8G8 

1,850 

2" 

013 

1,035 

2,040 

We  can  readily  deduce  by  a  simple  application  of  the 
formulae  quoted  above  that  the  maximum  stress  is  to  the 
mean  average  stress  in  the  ratio  of  3r  to  c  +  1  approximately, 
where  c  is  the  ratio  of  the  width  of  the  plate  to  tlie  diameter 
of  the  lio】e，  and  the  exj)eriniental  results  of  Table  XI.  agree 
hi irlv  well  with  tliis  simple  rule. 

*  "  The  Effects  of  Holes  and  Semi-cii'culav  Notches  on  tbe  Distribution  of  Stress 
in  Tension  Members,"  by  E.  G.  Cokcr,  Proceedings,  rhy.  Soc,  Vol.  XXV. ,  1913. 


The  breadth  of  the  projected  section  in  this  example  is 
adjusted  to  2in.,  and  the  stress  intensities  at  various  points 
of  the  section  are  found  by  reducing  the  colour  effect  to  a 
dark  field  at  any  required  point  by  means  of  a  stressed  cali- 
brating member.  Some  of  the  observations  are  shown  in  the 
accompanying  Table  X"  and  are  plotted  in  Fig.  26，  from 
which  we  observe  that  the  maximum  tension  stress  is  reached 


Fig.  24.  Fig.  25. 


at  the  inner  edge  of  the  ring,  and  gradually  decreases  to  a 
zero  value  at  a  point  which  agrees  fairly  well  with  the 
calculations  of  Andrews  and  Pearson  for  the  neutral  axis  of 

Table  X. 


Abscissae,  inches. 

Stresses  in 

pounds  -J 
per  square 
inch. 

0 

0.16  to  0.25 

0.5 

Neutral 
Axis. 

1.5 

2.0 

2,380 
3,370 

4,570 

1,970  at  0.1 
2,380  at  0. 16 
2,480  at  0. 25 

1,460 

0-7 
0.7 
0.7 
0.75 

950 
1.  Mill 

1,910 

640 
1,270 
1.721 » 
1',7：!(» 

a  hook.  It  then  changes  to  a  compression  stress,  which 
finally  reaches  a  low  maximum  value  at  the  curved  outer 
edge  of  the  hook. 

Another  type  of  problem  of  importance  relates  to  the 
effects  of  sudden  changes  of  section  in  a  member  under  load, 
a  case  of  frequent  occurrence  in  many  kinds  of  practical 
engineering  construction,  as,  for  example,  in  members  con- 
nected by  riveted  joints.    An  example  of  the  simplest  kind 


Fig. 


Fig.  27. 


is  furnished  by  the  case  of  a  single  rivet-hole  in  a  tension 
or  compression  member,  such  as  occurs  at  the  intersections  of 
the  members  of  the  lattice  webs  of  light  girders.  The  lines 
of  principal  stress  in  the  full  section  of  a  tension  member 
when  far  removed  from  the  hole  may  b&  conveniently  repre- 
sented by  equally  spaced  lines,  but  this  condition  is  clearly 
altered  as  they  approach  the  hole,  since  the  stress  is  not 
transmitted  across  it，  but  must  b&  carried  by  the  metal  on 
each  side.  It  is  easy  to  determine  the  approximate  positions 
of  the  lines  of  stress  by  the  methods  already  described,  and 


Fig.  27  shows  one  such  experimental  determination,  from 
which  it  appears  that  not  only  do  the  lines  approach  one 
another  at  the  minimum  section,  but  they  are  also  spaced 
unequally,  and  are  closer  together  at  the  boundary  of  the 
hole,  where  a  high  stress  intensity  is  indicated.  The  slight 
inclinations  of  the  stress  lines  to  each  other  also  appear  to 
show  that  transverse  stress  is  present  of  small  magnitude. 

The  distribution  of  stress  in  the  neighbourhood  of  a  hole 
in  a  tension  member  can  be  measured  experimentally  by 
optical  means,  and  if  the  hole  is  of  small  diameter  compared 
with  the  section  of  the  bar  the  stress  intensity  at  any  point 
may  be  calculated.  Thus  at  the  minimum  transverse  section 
it  can  be  shown  that  if  p  is  the  stress  at  a  distance  from  the 
hole,  the  stress  intensity  px  at  any  distance  r  from  the  centre 
of  the  rivet  is  given  by ― 


2  +4+^' 


where  a  is  the  radius  of  the  hole.  This  stress  is  accompanied 
by  another  py,  at  right  angles  and  having  a  value ― 

3  (a1  a'\ 

At  the  hole  therefore  the  stress  q)  rises  to  a  maximum 
value  of  3p}  while  py  is  zero,  so  that  we  get  a  trebled  stress 


- Width  of  Specimen 

Fig.  28. 


< ~  700  ~ >| 

c 

\ 

Fig.  29. 

intensity  just  at  the  boundary.  In  practical  cases,  where 
rivet-holes  are  of  appreciable  size  compared  with  the  dimen- 
sions of  the  cross-section,  w©  may  compare  the  actual  results 
obtained  with  a  value  of  p  calculated  to  correspond  with  a 
very  broad  section.  Some  experimental  values*  obtained 
from  a  model  tension  member  are  given  in  the  accompanying 
Table  XI"  and  they  show  that  the  maximum  stress  intensities 
are  approximately  3yv,  and  also  that  the  ratio  of  niaximuni 
stress  to  mean  average  stress  steadily  decreases  as  the  hole 
is  increased  in  size,  as  may  be  expected  from  general  cou- 
siclerations. 

Table  XI. 
Tension  Member,  lin.  by  0186in.    Load,  lOOlbs. 
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It  seems  certain  that  tlie  yield  point  of  a  material  is  often 
exceeded  at  a  rivet-hole,  and  in  ductile  material  this  is  pro- 
bably accompanied  by  an  equalisation  of  stress  in  the  neigh- 
l)ourliood  of  the  liole.  \\re  can  show  tliat  this  latter  effect 
takes  place  in  ductile  transparent  material,  and  it  seems  not 
unreasonable  to  suppose  that  the  mild  steel  plates  used  in 
riveted  structures  behave  in  a  similar  manner.  If  a  more 
complicated  case  occurs  with  two  or  more  rivets  in  a  t  rans- 
verse  section,  t lie  experiniental  tletei'ininat  ion  oi  1 1"—'  M  r,  s  、 
distribution  may  still  be  made  with  little  difficulty,  ami  one 
such  case  is  shown  in  the  accom panying  Fig.  28,  where  three 
rive1>lioles  diminish  the  section  by  one-half.  In  a  test  with  a 
mean  average  load  of  2，5601bs.  per  square  inch  the  stress 
intensity  was  found  to  range  from  1 ,6001bs.  to  3，1001bs.  per 
square  inch,  a  much  less  range  than  occurs  with  a  single  hole 
giving  the  same  diminution  of  area.  The  effect  of  bending 
also  produces  a  very  complicated  distribution  of  stress  at 
rivet-holes,  and  one  such  case  is  shown  by  Fig.  29,  in  which 
we  have'  the  singular  result,  owing  to  the  effect  of  rivet-holes, 
that  the  greatest  stress  is  at  a  point  of  the  interior  of  the 
beam  and  not  at  th&  exterioi'  surface. 

So  far  we  have  not  obtained  a  general  method  for  deter 二 
mining  tlie  inagnitudes  of  the  ])rincipal  s(  i*csses,  and  we  must 
now  enquire  as  to  Uie  metliods  by  wliich  their  n tunericaJ 
*  values  may  be  determined  experimentally.    For  this  pui-pose 


Kig.  30.  Fig.  31. 


we  can  utilise  the  interference  effects  produced  by  the  phase 
difference  between  the  two  rays  into  which  the  polarised  beam 
is  divided,  and  it  is  convenient  for  measurements  of  stress 
intensity  to  remove  the  effect  by  which  we  determine  the 
positions  of  the  stress  axes.  This  is  very  easily  accomplished 
by  interposing  a  plate  of  a  transparent  material,  which  has 
the  property  of  dividing  a  plane-polarised  beam  into  two 
component  waves  vibrating  at  right  angles,  and  of  such  a 
thickness  that  the  phase  difference  on  emergence  is  one- 
quarter  of  a  wave-length  of  the  light  used.  Mica  is  a  con- 
venient substance  for  this  purpose,  and  if  suitable  plates  are 
interposed  on  each  side  of  the  object  under  examination  the 
beam  of  light  between  them  becomes  circularly  polarised,  and 
the  black  bands  marking  the  directions  of  the  stress  axes 
are  removed.  The  remaining  effect  is  a  measure  of  the  stress 
in  the  material,  and  it  is  easy  to  show  by  simple  experiments 
what  are  the  relations  between  the  optical  effect  and  the  stress 
intensities.  If,  for  example,  we  take  two  tension  members 
and  subject  them  to  the  same  uniform  stress  intensity  the 
colour  effects  produced  by  interference  will  be  precisely  the 
same  for  eacli，  while  if  they  are  superposed  to  interpose  a 
double  thickness  the  colour  effect  is  that  produced  on  a  single 
member  under  twice  the  stress.  Experiments  on  three  or 
more  superposed  members  readily  verify  for  simple  tension 
and  compression  that  the  optical -effect  is  simply  proportional 
to  the  stress  intensity,  and  also  to  the  thickness  of  the  plate. 
If,  however,  two  equally  stressed  tension  niernbers  of  the 
same  thickness  are  crossed,  as  shown  in  Fig.  30,  tlie  cotnnion 
area  gives  a  dark  Hold,  showing  that  tlie  stress  efTect  of  mi(、 
neutralises  that  of  the  other.  Tlie  same  dark  field  is  pnxluced 
if  an  equally  stressed  compression  member  is  placed  wit  li  t  lie 
direction  of  stress  parallel  to  that  of  the  tension  member 
Fig.  31，  and  we  may  readily  verify  in  all  cases  that  tension 
and    compression   stresses  in  the  same  direction  add  their 


effects,  while  stresses  in  directions  at  right  angles  huljlract 
t  licin . 

The  latter  result  is  of  chief  iniporlance  because  tlie  st ress 
at  any  point  of  a  plate  can  always  he  represented  by  two 
stresses  p  and  q  at  right  angles,  and  their  opt  ical  effect  is 
proportional  p  ―  q.  The  value  of  the  stress  difference  may 
therefore  be  determined  by  matching  the  optical  eflY'rt  pro- 
duced at  the  given  point  with  that  produced  on  a  simpk' 
tension  or  compression  member,  or,  better  still,  by  rediu  m;' 
the  optical  efTect  to  zero  by  a  simple  tension  or  compn' -、 i' 川 
member  set  along  one  of  the  directions  of  principal  stress, 
and  stressed  until  a  dark  field  is  produced.  In  many  cases 
of  practical  importance,  such  as  occur  in  beams  and  columns, 
one  of  the  stresses  q  is  zero,  and  the  stress  distribution  in  a 
model  is  readily  determined  without  further  measurement, 
but  in  the  majority  of  practical  cases  the  magnitude  of  q  is 
comparable  to  p  and  each  must  be  determined. 

(To  be  continued.) 


THE  SOCIETY  OF  ENGINEERS. 

At  a  meeting  of  the  Society  of  Engineers  (Incorporated),  held 
on  Monday,  February  2nd,  the  premiums  awarded  for  papers 
published  during  1913  were  presented,  and  the  President  for 
19；4,  Mr.  H.  C.  H.  Shenton,  delivered  his  President  i;. I 
Address.  The  immediate  Past-President,  Mr.  Arthur  Valon, 
M.Inst.C.E"  presented  the  premiums  as  follows  ：  The  presi- 
dent's gold  medal  to  Dr.  Eric  K.  Eideal  for  his  paper  on 
" The  Corrosion  and  Rusting  of  Iron."  The  Bessemer 
premium,  value  £5.  5s"  to  Mr.  Bernard  L.  Rigden  for  his 
paper  on  "  The  South-Eastern  Coalfield."  The  Clarke 
premium,  value  £5.  5s"  to  Mr.  Gerald  O.  Case  for  his 
paper  on  "  Accretion  at  Estuary  Harbours  on  the  South  Coast 
of  England."  A  Society's  premium,  value  £3.  3s. ，  to  Mr. 
Wm.  Yorath  Lewis  for  his  paper  on  "  The  Tram  v.  Bus  Con- 
troversy." 

Mr.  H.  C.  H.  Slien ton  was  then  installed  as  President  and 
delivered  his  inaugural  address,  which  he  opened  by  referring 
to  the  need  for  better  organisation  of  the  engineering 
profession  and  the  consideration  that  the  society  was  giving 
to  the  subject  with  a  view  to  promoting  the  well-being  of  the 
engineer.  They  were  not  arrogating  to  themselves  a  right  that 
belonged  equally  to  other  engineering  societies,  but  were 
endeavouring  genuinely  to  increase  the  interest  of  engineers 
in  a  movement  for  the  advantage  of  the  profession,  and  the 
society  was  willing  to  support  well-considered  efforts  that 
others  might  make  in  this  direction.  He  therefore  urged  that 
all  engineers,  whether  members  of  the  society  or  not,  should 
give  any  assistance  they  could,  by  bringing  to  the  notice  of 
the  Council  matters  pertaining  to  the  organisation  and  b('u  '! 
nient  of  the  profession,  and  by  friendly  co-operation  when 
possible.  An  enormous  amount  of  public  money  was  wasted 
annually  in  connection  with  engineering  works  that  were 
designed  and  carried  out  by  untrained  or  inadequately 
trained  men,  and  it  was  necessary  in  the  public  interest  tliat 
engineers  should  combine  in  an  endeavour  to  prevent  engi- 
ne&ring  works  being  entrusted  to  those  who  were  not 
competent  to  advise  properly  on  such  matters.  It  appeared, 
moreover,  that  anyone  might  pose  as  an  authority  and  write 
a  text  book  for  the  use  of  students,  a  proceeding  that  was 
grossly  unfair  to  the  learner  and  a  probable  source  of  error 
for  the  unwary.  Some  text  books  that  were  published  were 
little  more  than  advertisements  for  some  one  type  of  apparatus 
or  process,  and  in  effect  were  misleading  because  thev  entirely 
ignored  other  equally  useful  machines  or  methods.  Some  form 
of  censorship  seemed  desirable  for  books  that  were  to  be  placed 
in  the  hands  of  engineering  students.  The  system  that  now 
obtained,  by  which  complete  designs  for  works  could  be 
obtained  free  of  charge  from  manufacturing  firms,  was  not 
only  unfair  to  the  manufacturer  and  to  the  consulting 
engineer,  but  to  the  public,  who  eventually  had  to  pay  for 
the  designs  that  were  made  but  never  used.  The  address  con- 
cluded with  a  detailed  reference  to  recent  developments  in 
connection  with  water  supply  and  sewage  disposal. 

Oil  for  the  Navy.  — The  Athniralty  liave.  we  l,'"rn.  just 
t'oiR'hided  an  extensive  contract  with  certain  of  the  Scotch  oil 
companies  for  a  large  quantity  of  liquid  fuel ,  and  Scotoh 
companies  have  been  extending  their  plant  to  meet  the  naval 
requirements. 
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GAS  POWER  FOR  COLLIERIES, 

Two  papers  devoted  to  a  consideration  of  gas  engines  for  use 
at  collieries  were  read  at  a  meeting  of  the  Midland  Institute 
of  Mining,  Civil,  and  Mechanical  Engineers,  held  at  Sheffield, 
on  the  27th  ult.  The  first  paper  by  Mr.  A.  T.  Cocking,  of 
Messrs.  Kynochs,  Ltd.,  dealt  with  "  Modern  Gas-engine 
Practice  for  Collieries."  The'  author  said  that  the  possibility  of 
generating  gas  from  waste  fuel  purposely  left  in  the  mine,  or 
picked  out  as  useless  in  sorting  the  coal,  must  now  be  recog- 
nised as  a  means  of  supplying  most,  if  not  all,  power  required 
for  the  work  of  a  colliery,  and  this  source  of  power,  added  to 
that  recoverable  by  utilising  the  gases  generated  in  coking  coal, 
pointed  to  the  probability  that  in  the  near  future  a  modern 
colliery  would  be  in  a  position,  not  only  to  generate  its  own 
power  without  using  its  saleable  fuel,  but  would  also  from  the 
same  source  supply  electrical  current  to  neighbouring  factories 
for  power,  or  to  townships  for  light  ；  and,  taking  into  con- 
sideration the  unique  advantages  which  a  colliery  possessed 
in  having  its  saleable  fuel  at  first  cost,  it  was  not  an  extra- 
vagant prediction  to  say  that  in  the  future,  by  means  of  a 
judicious  blending  of  the  cheaper  kinds  of  its  saleable  fuel 
with  its  available  waste,  and  by  the  full  use  of  the  products  of 
its  coking  plant,  an  up-to-date  colliery  would  become  a  great 
power  generating  centre,  the  revenue  from  which  would  be 
the  predominating  factor  in  its  profits.  In  a  comparison  of 
the  relative  costs  of  power  generated  by  gas  engines  and  by 
steam  engines,  he  estimated  that  at  a  colliery  using,  Say, 
3,000  h.p.,  probably  five  tons  of  coal  per  hour  (or  36,000  tons 
per  year)  would  be  burned  in  Lancashire  boilers  to  raise  its 
steam,  and  at  a  value  which  may  be  taken  at  5s.  per  ton  (for 
the  sake  of  fixing  a  value)  this  would  represent  in  a  year 
=£9,000  in  fuel.  Allowing  lib.  of  the  same  fuel  for  each  horse- 
power hour  in  a  gas-power  plant,  the  consumption  would  be 
1'34  tons  per  hour,  or  9,643  tons  per  year,  the  value  of  which 
at  tlie  same  rate  would  be  £2,410  per  year,  thus  effecting  a 
saving  of  £6,600  per  year  by  using  only  26A  per  cent,  of  the 
fuel  used  in  the  old  way,  and  a  set  off  against  this  cost  of  fuel 
would  be  the  profit  on  the  300  tons  per  year  of  annnonium- 
sulpliate  which  could  be  recovered  from  it. 

The  other  paper  by  Mr.  T.  C.  Wild,  of  the  National  Gas 
Kn^ine  Company,  dealt  with  "  the  development  of  the  gas 
ciii^i lie  in  England  and  its  adaptation  to  the  generation  of 
power  at  collieries  and  ironworks."  He  said  it  was  only  within 
the  last  ten  years  that  the  prejudice  which  formerly  made 
the  British  colliery  owner  averse  to  erect  by-product  coke 
ovens,  and  the  British  iron  master  to  make  use  of  coke  pro- 
<iu<-(Ml  in  t hem,  liacl  been  overcome,  and  in  the  same  way  the 
； ipplication  of  surplus  gas  for  power  had  not  advanced  to  the 
.same  extent  in  this  country  as  on  the  Continent  and  in 
America.  In  the  matter  of  reliability  the  gas  engine  was 
proved  to  liold  its  own,  the  percentages  of  breakdowns  being, 
in  the  case  of  steam  engines  one  in  8.1，  electric  motors  one  in 
8  2，  and  gas  and  oil  engines  one  in  12*4.  Mr.  Wild  described 
a  number  of  big  installations,  the  experience  of  which  he 
inaiiitained  proved  that  collieries  which  had  by-product  coke 
ovens  possessed  a  source  of  power  in  the  surplus  gas  which 
mi^lit  enable  them  to  reduce  their  colliery  consumption  very 
materially  ；  that  a  large  quantity  of  refuse  material,  now 
t  i|)|ted  to  waste,  could  be  utilised  in  gas  producers,  either  in 
cases  where  there  were  no  by-product  coke  ovens,  or  where  the 
material  was  unsuitable  for  coking  ；  and  that  modern  gas 
engines  were  now  as  reliable  as  steam  engines,  and  much  more 
uconomical. 


Ball  Bearings  for  Line  Shafting. ― Some  tests  have  recently 
lx'cu  carried  out  at  the  works  of  Messrs.  Alfred  Herbert, 
Ltd.,  of  Coventry,  to  ascertain  the  comparative  efficiency  of 
ordinary  and  ball  bearings  for  line  shafts.  The  tests  showed 
that  5|  h.p.  (22  amperes  at  220  volts,  motor  efficiency  85  per 
cent.)  was  required  to  turn  over  62ft.  length  of  2^in.  shafting, 
running  without  belts  in  seven  adjustable  self-oiling  bearings, 
with  Wo'  ring  oilers  to  each  bearing.  But  in  their  new 
factory,  where  ball  bearings  are  fitted  to  all  the  shafts,  only 
2i-  h.p.  was  required  to  turn  a  shaft  of  the  same  length,  with 
all  pulleys  on  but  no  belts.  On  this  shaft  there  were  seven 
ball  bearings  placed  at  10ft.  intervals. 


INDUSTRIAL  AND  TRADE  NOTES. 

Clyde  Shipbuilding. ― During  tlie  past  month  there  were  launched 
from  Clyde  shipliuildin^  y;irds  11  vessels  of*  22,27*2  tons.  Tlie 
output  is  aljout  up  to  the  average  for  the  month. 

Tin  Output  in  the  Malay  States. ^ The  Malay  States  Infonnatioii 
Agency  states  that  the  output  of  tin  from  the  Federatetl  Malay 
States  in  1913  amounted  to  ")(),128  tons,  as  compared  with  18,2o0 
tons  in  1912，  and  43,967  tons  in  1911. 

German  Pig  iron  Production. ― According  to  the  "  Frankfurter  Zeituiig,' 
pig  iron  supplies  at  the  end  of  December  last  ainoniitt-d 
to  (il.'i,(KK)  metric  tons,  against  507,0('0  metric  tons  at  tho  ciul  o( 
-、' m'""il">r,  1913,  and  247,000  metric  tons  at  the  end  of  1912.  The 
amount  of  pig  iron  produced  during  last  year  was  W  million 
metric  tons,  against  17*87  million  metric  tons  in  191*2. 

Iron  Ore  and  Pctrokum  Production  of  the  United  States.  —  Tlie 
estimated  production  of  iron  ore  in  the  United  States  is  、'("' 
l>tv  E.  F.  Burchii rd,  of  the  United  States  Geological  Sn i-vey,  as 
between  58  and  60  million  gross  tons.  The  largest  previous  out 
put  was  57  million  tons  in  1910.  The  estimated  figures  for  pet  ro- 
le inn  production,  given  by  Mr.  D.  T.  Day,  of  the  United  States 
(fcolo^ical  Survey,  are  240  million  barrels,  or  about  32  million 
metric  tons,  as  compared  with  slightly  over  222  million  banels  in 
1912. 

Belgian  Pig. iron  Production.  -  -  According  to  the  "  Frankfurter 
Zt'itiuig,''  the  production  of  pig  iron  in  Hcl^iuni  amomitod  to 
*J,  I4(i,7()0  metric  tons  in  1913，  an  increase,  as  compared  w  ith  tli«' 
previous  year,  of  only  168,000  metric  tons,  although  the  nuinl»er 
of  blastfurnaces  increased  from  54  to  59.  In  the  first  l.alf  ot  tl"' 
year,  during  which  period  the  prices  for  finished  products  had 
already  dropped,  prices  of  pig  iron  were  comparatively  favour 
aide,  hut  du ring  the  latter  half  of  the  year,  owing  to  industrial 
depression  and  the  growing  demand  for  toreign  pig  iron,  pi.ict's 
sank  in  a  very  marked  degree. 

High-speed  Telegraphs. ― The  Postmaster  (ieneral  has  appointed 
the  following  committee  to  t'liquiro  into  systems  of  liigh  siRH'd 
telegraphy  and  to  report  thereon  :  C'aptain  Norton .  M  .P.,  Assis 
tant  Postmaster-General,  chairman  ；  Sir  John  Gavey,  past  prosi- 
(Iciit  of  the  Institute  of  Electrical  Engineers  ；  Mr.  John  Lvv.  traffic 
ma  na^er  of  tl"、  Post  Office  Telegraphs  ；  Mr.  W.  XI.  Mordey  ,  past 
(u  rsidcnt  of  the  Institute  of  Electrical  JOn*i;iiHM»i  s  ；  ！ Mr.  A.  M . 
v)^;ilvie,  third  secretary,  General  Post  Office;  Mr.  W.  Slingo. 
engineer  in  i-hit't',  General  Post  Office;  and  Mr.  W.  B.  Walkley, 
assistant  secretary,  General  Post  Office. 

Electric  Traction  in  the  United  States. 一 According  to  ligures  published 
in  t\w  lt  Kioctric  Railway  Journal, 11  tho  total  miloa^** 
of  iie、v  track  for  electric  traction  built  in  the  United  States  dm-- 
iiijj;  1 1 )  1  'A  was  1  ,<J19,  which  includes  intern rban  lines,  street  raihva.v. 
a iuI  clectrifiod  steam  roads.  I'his  figure  coiHp;i res  with  miles 
in  l,V.H   milos  in  1911,  and  1,:J97  miles  in  1910.  Hollin- 

('(jiiipnuMit  ordered  by  electric  rail\\  ays  (luring;  the  year  191 
amounted  to  the  following  totals :  City  cars,  3,820  ；  iiitcrurbaii 
cars,  「)47  :  tr<»i^ht  and  miscellaneous  cars,  1,147  ；  electric  locomo 
tives,  68.  Last  year's  figu res  for  the  same  equipment  wore  :  City 
cars,  4,531  ；  interurban  cars,  783  ；  freight  and  miscellaneous  cars, 
687  ；  electric  locomotives,  65.  The  total  number  of  cars  oi  all 
classes  built  in  company  shops  last  vear  was  772,  as  com  j)  a  rod 
wi±h  429  in  1912. 

Steel  Trade  Amalgamation, ― The  Steel  Company  of  Scotland  prr> 
pose  to  acquire  a  half  interest  in  the  Appleby  Iron  Company. 
Scunthorpe,  Lincolnshire,  the  other  half  interest  being  held  by 
the  Frodingham  Iron  and  Steel  Company,  Scunthorpe.  A  largt? 
supply  of  ironstone  is  available,  and  it  is  proposed  that  tli(> 
Appleby  Company  should,  in  addition  to  carryin<i;  on  and  ex  tend- 
ing their  additional  works,  construct  on  an  adjoining  site  new 
works  for  the  manufacture  of  steel  plates  by  tho  basic  opvn  hearth 
process.  A  provisional  agreement  has  l>oen  entered  into.  It  is 
proposed  to  increase  the  capital  of  the  Appleby  Company  to 
£800,000,  of  which  £175,000  will  be  held  by  the  Frodin^liam  Coin- 
pan  y,  and  £175,000  by  the  Steel  Compaii.v  of  Scotland.  The  Steel 
Company's  share  capitalisation  is  £500,000. 

British  Gas  Undertakings. ― According  to  "  The  Gas  World,"  there 
are  1,237  gas  undertakings  in  England  and  Wales,  260  in  Scot 
land,  and  110  in  Ireland.  Of  the  total  in  England  and  AValcs, 
1,004  are  owned  by  companies  and  only  233  by  local  authorities, 
in  Scotland  199,  against  61,  and  in  Ireland  84，  against  26.  The 
annual  make  of  gas  in  England  is  given  as  195,787  million  cubic 
feet,  iu  Scotland  19;007  million  cul>ic  foot,  and  in  Ireland  5,947 
million  cubic  feet,  making  a  total  of  220,741  million  cubic  feet  (as 
compared  with  210,499  million  cubic  feet  in  the  previous  year), 
and  this  was  distributed  amongst  7,333,401  consumers.  Of  the 
total  municipal  gasworks  supplied  35*8  per  cent,  of  the  total  quan- 
tity among  38*4  per  cent,  of  the  consumers.    Of  the  gas  made  in 
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Scotland  83*8  per  cent,  is  made  in  municipal  gasworks,  while  m 
only  :")•"  |"'r  ('('nt,  is  so  made,  ami  in  In'laml  -' t\  \  per 
'1，1"'  gn'aU'r  London  coinpun it's  pi'mliuv  JilmosL  exactly  '— '') 
per  cent.  ("  Uic  output  "I         lor         、vlmle         山'" '， ；11 1(1  SUI>I>1>' 
|"、r  cent,  of  tho  gas  consum*M*s. 

Roller  Bearings,  TlieHon'mann  Manufad urin^ Comi.ai.y.  Clirlmsford, 
S)M,,1  us  a  circula r  of  a  roller  l"':iri'ig  U"、y  Imvo  just  put  on  ilio 
marli.'t,  ； iltrr  li;.vin-  sul' 化 rt  to  trial  mulor  s"vrr''  <<»n(l 1 1 ions 

|or  ftovoral  v,'ars.  Tl"、  ^voul  trouble  with  rollor  l"、:irii^s  lntlu^rto 
]|;IS  h0on  tho  incidoiHv  of  ond  tlnnst.  \vhi<-h  omv  it  Ih^ims  to  arise 
tends  to  increase,  and  often  becomes  so  a^^ravatcd  that  Llw  trie 
tion  is  <MoattM-  with  tho  roller  lioariii<i;  than  with  om>  ol  "rdimiry 
typo.  Tins  .liflicultv,  tho  firm  stato,  is  (Mitiivly  ohviaU-d  m  tin- 
|(V:,rinS  sliowii  l)V  ti"'  oxin-mo  lucuracy  oi'  tl"、  rollers  and  r:uvs 
in  wliich  tliov  work.  The  rollers  aiv  oi  tl"、  slmrt  tvi>o,  tlie  U'li^th 
|,pmg  not  o;iv<it»M-  ilian  tho  (lianiot<M*.  Thoiv  is  undouModly  a 
vvi<l«r  fiold  ol'  si'r 、- o|xmi  to  a  satisi'iictory  rollor  U'armg  o\\ 
account  of  its  high  load-carrying  capacity.  The  firm  claim  to  have 
solved  the  problem.  They  say  they  are  able  to  offer  to  engineers 
a  roller  hca rin^;  oi'  stnMi^tli  w  liicli  w  ill  rim  pr;i(  "(  ;i I l.v 

■u'V  spetMi  they  are  wilarl.v  l"'mg  used  on  woodworking;  spindles 
； -mmmK  at  H,(m')()  n>vs.  [)tM-  mm""'  to  r,'、's.  per  minul<«-  :md 

w)iicl)  docs  not  (l*'V(>loi>  t'lid  tlinist. 

Industrial  Fatigue.—  At  a  "irM'tmg  of  tl"'  N*'wcastlo  I':" 川 o"、i(' 
Society,  Mr.  .J.  \V.  Uamsltottom,  l"'('tmvr  in  Kcononucs  at  Ann 
sLrm"''  Collets  gave  an  ； uldnvss  on  "  1  ii(liistri;il  l'、;itiw(、"  Tl"' 
KU|,jort  was,  he  said,  om'  of  pwcdmfxly  ^.roat  iniporlaiHv  ； md 
exceodin^ly  difficult,  lor  it  |)ivs""t"(l  |)ml,l*'ms  to  tluw  l)r"iiH"'s 
of  scionco— pli.vsiolo<iy,  psychology,  and  reoiiomics.  KxpcnnuMits 
l,a(l  shown  that  spot^lin^;  up  ！) oyond  a  oortain  limit  was  cxc^ssivoly 
laLi^uino;,  and  it  sliowed  itself  iti  a  mucli  ，i""v  pioportuniiito 
increase  in  tho  "umber  oi  inucciirato  movcuuMits ― iiiiu-ourato 
movoiaents  w  Inch  mi^ht  result  in  acci<l(Mit.  Mo  tlioii^lit, 
fore,  one  mi^ht  ascribe  sonio  of  tlic  incre;isc  in  n'portcd  iu<  i 山' iits 
in  tlie  last  two  or  tluvo  decades  l:irgt、l.v  to  tlu*  incrt'iiso  of  si"'t'diiig 
tip  optM-ations.  Tho  munbor  ot  accicl<Mtts  in  the  first  hour  oi 
work  was  relatively  low,  and  rose  to  the  maxiintmi  after  thr("> 
horn's,  work,  and  this  order  was  repeated  after  tl"'  interval, 
showing  tho  infiuenco  of  the  ni id-day  moal.  Tho  ('onclusion  was 
that  the  occmiHMHV  ot  accidents  was  in  a  consivlerii hie  (lt'givc 
(L'tormined  hy  fatigue,  and  that  if  the  working  (lay  wcro  shorter 
or  hotter  split  up  tlie  numl>er  of  ； u-oidents  would  I"'  (-(Hisiderahly 
r,'(li"、(、(l.  The  ^enoral  period  of  the  working  day  at  ])»vsent  was 
too  long,  ;uul  there  must  he  chronic  overstrain  iii  the  majority 
ol"  industries.  This  did  not  necossarily  imply  an  approach  of  ； m 
all-round  eight  hours'  day.  It  mi^ht  he  that  in  sonio  "ni(Iustrit's 
or  operations  a  day  of  nine  hours  might  reason  a  hly  l>o  (山 tamed, 
wlu  1st  in  others  a  day  of  six  hours  might  he  too  long. 

Fi  e  Protection  at  Sea. ― According  to  "  Safety  Kn^i netM  in^;,"  duv- 
ino;  the  last  seven  aiul  a  half  years  155  steamships  have  l'«vn 
totally,  and  2,447  partially,  destroyed  by  fire.  From  tl"w  ti^'iivs 
it  swms  clear  that  the  ordinary  iire  precautions  at  sea  are  not 
sufficient.  As  a  rule  they  rely  on  hnnian  observation,  and  art1 
only  luought  into  operation  when  the  fire  has  become  evident,  and 
w lion  it  is  often,  tlierefore,  dangerous.  To  secure  absolute  safety 
n'qiiires  the  use  of  automatic  oxtin<>;iiisliin^  apparatus.  Such 
apparatus,  in  the  form  of  the  "  Grinnell  automatic  sprinkler 
and  Hi-e  alarm,  has  been  in  successful  use  on  land  for  a  nunilnT 
of  years,  and  there  seems  to  be  no  good  reason  why  it  should  not 
he  similarly  oniplovod  at  s(>a.  The  "  (ii  iimell  "  system  is  simple 
and  sure,  and  there  is  no  clouht  its  goneral  adoption  on  ships 
would  incroiiso  tlu*  satVtv  <>i  sea  travel.  Technical  difficulties  in 
tlie  way  nf  protrctio"  of  ships  witli  automatic  sprinklers  may  l»e 
said  to  I>e  mod  existent,  and  as  a  matter  of  fact  a  liuniluM'  of  ships 
have  been  tit  tod  with  thoni.  As  long  ago  as  H)()7  two  vessels 
bolongiiig  to  the  ,、、、、、  Kn^laiul  Navigation  Company  w ore  so 
fitted ,  while  amongst  others  the  fhm 山 m'jj;  ,\m"rik;i  liin'i's  tin* 
'' Iniperator ''  and  tho  Vatcrlaiul  '•  ar，、  now  beiiig  oquippfnl 
with  "(； i.iimell  ，，  installations.  Only  a  iVw  、、飞 、(、ks  lia vc  elapsed 
since  the  occurrence  of  the  fire  tragedy  on  tht*  "  Volturno."  Tl""  (' 
is  little  doubt  that  an  automatic  fire  extinjiuishin<>;  installation 
would,  in  this  case,  have  saved  many  lives  atul  imirh  valualdo 
property. 

Zinc  Industry  in  Japan.— From  infonniitioii  supplied  by  the  Acting 
British  Consul-Gjeneral"  at  Kobe,  it  appears  that  zinc  minos  in 
various  districts  of  Japan  are  worked  by  the  aid  of  ft)roijj;n  capital 
and  the  ore  produced  is  exported.  While  J  a  pan  is  rich  in  tl"' 
ra w  material,  comparatively  little  actual  l'etiiiiiig  is  clone  iii 一 the 
country,  chiefly  owing  to  insufficient  funds  and  lack  ot  toclui ica I 
skill.  At  present  the  only  concern  in  Japan  coiuluctini;  tins 
industry  in  a  comparatively  niothodioaj  nuuinoi'  is  tl">  Osaka  Zinc 
C'ompiuiy,  w  hioh  produces  tons    of    retint'tl    zinc  a 

month  and  contemplates  heiiijr  alilo  to  produce  4,.">l)0  tuns  during 
1914.     Tho  company  coiiiiiiencod  to  nianufacturo  exin'riincntallv 


10 ur  yoars  ago,  aixl  us  tl"'  rosnl L  oi  coiitiinn**!  liard  w ork  and 
i nvosti^atirxi  at  t;ist  n'diic*^!  tl"'  l>itsi  im-ss  in  \\  (»rk i  orrh  i  .  Tin* 
coiiipaiiy  possesses  mii"'s  at  Mil  I  it  kn  i  ;t  and  Kag;is:i、、a  in 
atul  at  M  is;il<a  in  lOcliizcn,  and  in  ； ntdit  ion  to  tins  it  |'o、、,'、、,  、 
stocks  oi'  ore  in  v;i rious  disti  icts,  so  that  it.  lias  an  ;i nipli-  Mipply 
(" l  a w  mat«M'ial.  Tlie  M  itsui  ( 'oinpany  ("  Tokio  is  slioi  tl v 
comnHMicc  zinc  refining  at  M  iikc,  w  licrc  it  will  in;""'  tis<*  ol  tli'' 
f  l"':i|>  coal  uvailaMo  tlicrc,  iinporti  tl"'  y'iiic  ore  t  l  oin  I  \  ida  and 
K:imiol"i.  Now  that  tho  y.\ nc  industry  i n  J apan  is  tiif  poi n ( 
<>i'  passing  from  tlio  transition  |>,'ri'"l,  not  only  will  tin-  imports 
(to  tl"'  valuo  ol'  a!>nut  C28!,，<WM»  m  \\)V2)  I"'  "，m|,"4«'l> 川"",'" 
within  a  lew  yea rst  l>ut  tlicrt^  is,  perhaps,  a  risk  ol  an  dvct  suppK 
u  Iumi  tl"'  Luo  works  a r<»  compl(kt«Ml.  It  is  r('|""+t,'fl  that  in  consi* 
fjiUMK'ii  tl"、  two  companies  :ir.'  m-^ot  i;i  ti  mjj:  t  o^cl  licr-  a  nil  ； 1 1  .■ 
|)hinnin< '；  tli(» 山 wl"|)m("it  of  tlie  ilv;itiisiti<:  indusl  rv  as  a  m»'tli'Ml 
ol'  preventing  this  over  supply. 

Cost  Accounts  and  Depreciation.    At  t  h>-   、|'|'li'  '!  、"'•',（  '.  1)，  i 
nuMit  of  tl"'  I'nivcrsity       Sli,'m*'l(l,  on    tl"'  2i',th    nit..    Mr.  \l 
Wchstor  J<M]kinson,   F.C.A.,  r,':"l  n   |»:ip«'r  I', "("•，'  tl".  Society  ot 
Mctallur^isLs    and    lOn^i  ikmm's    entitled ,    ••  Some     IVi  iiri  pli's  of 
Arcmiiitiiiji  AH'«'('tiiig  Cost  Accounts."     lie  cmpliasi/i-d  tli«'  '•'•<•' -、 
sity  oi  accurate  rosL  kcn-pin^,    ；) nd    U"'    appliciitinn    t>)  propyl 
principlos  ot  a('f、o'iiit"ig  in  calculations  ot  prodiuLi  \  *•  cost  With 
out  i":<'"rat('  cost  records,  the  IccLu iut  mai"ti""e(l  tluit  no  l:irji,' 
coiiHiUM'cial   uiHl<>rLal\iii*i;  con  Id  now    l»c    ((""liirtwl    on    a    sou  nd 
iinancial  bas  s,    ('ost  accounts  nr»t  only  show ctl  tl"'  <ost  ol  |>ro<luc 
tion  for  tho  purpose*  of  fixing  selling  prices,  Imt  :il、'>  iii(lic;ttf<| 
tl"'  i(»sp*'<-tiv<'  ad  va  utile's  oi   \\n\u\  and  niiiclii  nr  l:il"'iir  and  tli.' 
merits  of  various  pi-occsscs.    Tl"'  main  object  of  an.v  、.v、t,'m  oi' 
cost  accounts  was  to  sliow  the  prim"  cost  or  cost  ot  pi'odm  tion  、" 
that  tho  manufactiii-cr  may  know  eitlior  tlio  p rolit  and  I' 卜、 on 
jol>，  or  tilt*  selling  prico  to  !>o  ('harj^(l.     Tlii'  、'<(>ml,i rv  olijccts 
、vt>iv  to  ohtain  relial'l:'  records  oi'  w oi-k  done  for  future  r,'f''r'"i(.<', 
to  detect  wast*1  of  material  or  t\nu\  to  piovidr  a  check  on  m;i n;t 
Wi'.、，  :i nil  to  onalilt'  p«'r">(li(':il  returns  to  ho  picpa l-.-d  slutw  i tin* 
progress  of  tho  l)U.sinoss.    The  lt'ctm+or  dealt  at  soim*  K-n^th  with 
tin*  (piestion  of  (loprociation ,  remarking  tliat  in  niaiiv  ((""'''111、 
this  calculation  was  made  by  rule  of  thumb.    He  doHncd  (l*'pn'(  i:i 
tion  as  the  diminution  in  the  value  of  an  asset  due  to  、、《'ar  and 
tear  or  oxhaustion  of  suhjoct  matter,  natmal  (  :iin'、  occj^ionod  l»v 
llie  e(Hu\ioii    of  time,  aiul  obsoIesciMic.'  on  i n^;  to  m\-*Mitioiis  ami 
the  general  progress  of  mankind.    It  was  to  be  fenrod  ttiar  Kn^lisli 
mamifaottirers  did  not  provide  sufficiently  for  (lep" 屮 iatimi .  and. 
c  msLHiuently,  were  often  unable  to  keep  their  plant  up  to  (hitf. 
1  a  this  respect  tho  Americans  were  far  ahead  ot  mir  liotnc  ma nu 
i'acturers.    They  were  able  to  scrap  their  plant  w  ithout  fin.-ni<-ial 
*Mnl)arrixssment,  and  get  orders  in  spite  of  higher  wages. 

The  World's  Shipbuilding  in  1913. —— Record  shipbuilding  figures 
wo ro  established  during  1913,  not  on ly  hy  the  t'nitt'd  Kingdom, 
hut  hy  the  rest  of  the  world.  Tlie  annual  summary  of  Lloy<l  > 
Register,  just  published,  gives  the  following  figures  in  comparison 
witli  the  t、、  o  previous  vears  : — 

1911.  1912.  1913. 

United  Kingdom  -…    2,034,6^0       1,930,251  2,203,529 

Other  countries    1,384,379       1,506,147  l，8(Xi,'—U 

World's  output    3,419,009       3,436,398  4,009,791 

Taking  merchant  tonnage  only,  the  t'nited  Kingdom  launchod 
58  per  cent,  of  the  total  world's  output  last  year,  compared  with 
60  per  c(Mit.  in  H)12,  and  68  per  cent,  in  1911.  During  1913, 
exclusive  of  warships,  688  vessels  of  1,932,153  tons  gross  (641 
steamers  of  l,919,o78  tons  and  47  sailing  vessels  of  12,575  tons) 
have  been  launched  in  tli''  l'"it"(l  Kingdom.  Tlio  warships 
launched  at  hoth  ( Invcrnineiit  and  private  yards  amount  to  49. 
of  271,376  tons  displactMiiont.  Thv  output  in  tho  Fnitod  Kingdom 
sliowed  an  increase  o\'  1!>3.G39  tons,  exctHHlin<r  tl"、  previous  record 
(190G)  by  104,()(H)  ton.s.  Nearly  78 i  per  rent,  of  tlio  total  output, 
or  l,ol*i,H)7  tons,  was  l»uilt  for  registration  in  tlie  I'nit^d  King- 
dom. Steam  toimaw  u"'r，'i»s,、<l  l»y  altout  ("7,()(»0  tons,  and  sailing 
tonnage  decreased  l>y  about  55, (KK)  tons.  Thoro  was  launched  ror 
other  countries  419,046  tons.  The  number  of  large  steamers 
launclied  greatly  oxcoodod  tho  a  vera  go  of  rectMit  years.  There 
were  84  vessels  of  (>,00()  tons  and  above,  of  which  21  were  over 
10.000  tons  each,  tlio  largest  l"、ing  the  Cunard  linor  "  Atmitania." 
of  47,()(MJ  tons.  Sixteen  vessels  latmohod  in  tho  Unitod  Kingdom 
iiro  capal)lo  of  a  spt'tul  of  Ui  knots  and  ahovo.  T1h、  t'astost  a  re  the 
turbine  vessel  "  Aquitania  "  ； md  two  other  turlnno  steamers. 
There  was  under  construction  at  the  ond  of  Doconilu^r.  l,956.60fi 
tons,  107,000  tons  less  than  tho  r(、('(）rd  figures  of  March,  tlmnpli 
within  13,000  tons  of  the  total  l)iul<lin.ir  at  the  end  of  1912.  Out- 
side the  United  Kingdom  there  were  launched  1,193  vessels  of 
1 .806,262  tons,  divided  thus :  Merchant  and  otlier  vessels.  1,062 
ot  l,4()0.7l?n  tons ;  warships,  YM  of  40.—). 533  tons  displacement. 
Merchant  tonnage  shows  the  very  lar^re  increase  of  over  D7.'>'m» 
tons  as  compared  witli  1912,  and  constitutes  a  record.  The  prin- 
cipal countries  built  as  follow  s  ：  (； onnanv.  4(>.'>,L)i>t)  tons  (increase, 
1)0,000);  U.S.A.,  276.448  (decrease.  8,000  tons)  ；  France. 
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(incivaso,  (io.OOO)  ；  llolhiiul,  17<i,(l!)."i ;  J;i|.;ni.  (i  t. (Ki  t  ；  Austria 
llmigarv,  01,757:  Noruuv.  .—"I, "37;  Italy,  r>0,:W (；;  British  Colon i.'s. 
lS.:i:5<);  DoninarU.  H),\m.  As  682,000  tons  oi:  shipping  wei'e  lost, 
broken  up,  &c.,  during  the  year,  the  net  increase  in  tho  world's 
mercantile  marine  during  the  year  was  al)out  2,651,000  tons. 


Elsdon  &  Galle. 

.Torraid. 


NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1912. 

Lnbrioating  the  bearings  of  railway  vehicles. 
16539. 

Apparatus  for  the  hydraulic  transmission  of  power. 
22905. 

Internal-combustion  engines.    Still.  28472. 

1913. 

Means  for  producing  heat  hy  the  combustion  of  gaseous  fuel. 
Gare.  652. 

Combined  governor  and  speed-setting  device.   Withers.  789. 
Bulkheads  of  ships.    Oswald.  900. 
Roller  bearings.    Browne.    1056  and  1057. 

^rannfacture  of  manganese  bronze.    Heusler  and  British  Mining 

and  Metal  Company.  1092. 
Gas  producers.   Whitfield.  1117. 
Gas  washers  or  tar  extractors.    Whitfield.  1118. 
Wrenches.    Jurkovich.  1146. 

Variable-speed  driving  mechanism.    Boon.  1154. 

Brakes  for  railway  wagons.    Smith,  Edwards,  it  Steward.  1185. 

Water  wheels.    Ripson  &  Whitehead.  1214. 

Portable  gas  generating  plant  and  motor.    Soc.  Anon.  TTongroiso 

de  Banque  et  de  Commerce.  1309. 
TTammor  drills.    Holman  &  Holman.  1609. 
Uock  drills.    Holman  &  Holman.  K>lD. 

Internal- combustion  engines.    AVolseloy  Tool  and  Motor  Car  Com- 
pany, and  RoAvledge.  1953. 
Engine  valve-gear.    Sigler.  2161. 

Apparatus  for  supplying   fuel   to  internal-combustion 

Fothergill.  2252. 
Gasification  of  fuels   containing   volatile  constituents. 

3672. 

Brake  apparatus  for  railway  vehicles.    Spencer.  4484. 
Carburetters  for  internal-combustion  engines.  Wisliart. 
Fuel  supplying  means  for  internal-combustion  engines. 

and  Gardner.  6237. 
Carburetters  for  internal-combustion  engines 

6323. 

Valve-gear  for  pumps.    Cockburn  &  ]\r;irNicoll.  7936. 
Hydraulic  clutches.    Rich.  8026. 
Apparatus  for  use  in  drawing  wire.    Gladitz.  8288. 
Driving-gear  of  motor  road  vehicles.   James  &  Robertson.  9410. 
Means  for  propelling  and  steering  ships.    Blicharski.  WiOO 二 
Carburetter  for  internal-combustion  engines.    Martin.  9774.. 
Arrangement  for  automatically  stopping  pneumatic  tools.  Ateliers 

Leonard  Rocour.  10128. 
Process  for  fusing  tungsten.    Siemens  Bros.  &  Co.  10369. 
Furnace  fire  bridges.    Prim.  10997. 
Reversible  motors.    Becht.  11288. 

Tunnel  kilns  or  furnaces  for  tempering,  cementation ,  and  similar 

processes.    Richter.  11632. 
Valve  devices.    Wade.  12790. 

Rotary  engines  or  pumps.    Christopli  &  Preiss.  12990. 
Appliances  for  ensuring  the  safety  of    lift    cages   in    case  of 

breakage  of  the  hauling  ropes.    Inneixl  &  Young.  14.197. 
Brake  mechanism  for  railway  vehicles.    Gresham.  15033. 
Mechanical  lubrication.    York.  15352. 
Nut  locks.    Williams.  ]M91. 
Flywheels.    Rothsten  &  Hooper.  15395. 

Hydraulic  packing.    Vulcan-Werke  Hamburg  uiul  Stettin  Akt.- 

Ges.  15638. 
Ciear-shifting  mechanism.    Gray.  16012. 
Wrench  combined  with  other  tools.    Post.  1G880. 
Engines  with  one  or  more  revolving  pistons.     Bi'aunois,  Von 

Szaszy  Neufeld,  &  Maitinszky.  17999. 
Fuel  for  internal-combustion  engines.    Oulick.  18G81. 
Wrenches.    Schlehr.  18758. 
Chucks.    Rohm.  19437. 
Heat  exchangers.    Mayba ch.  19493. 
Foundry  moulding  machines.    Petch .  21194. 

Mp:u]s    for    revorsinn;    two  stj-oko    intoi'nal-rojnbiistinn    on^i lies. 

Mnnktells  Mokjuiiska  Verkstads  Aktieholag.  21382. 
A i r  fonipressors.    Craip;.  21717. 


engines. 


Timm. 


45C7. 
Gardnoi* 


Brew  or  &  Jonos. 


Mixer  lor  intrnuil  couilnistioii  ni^i  lies.     Loose.  '21820. 
Fluid  pivs:s,in、  reducing  vahv.    I  lift'.  k2288o. 

burners,  for  welding  and  cutting  metals.    Baechtold-Strobel  and 

Cartief.  23319. 
Sp;inm"、.    I>a ko,  ajid  Lako  &  Elliot,  Ltd.  23793. 
\  :ip"risiiig  or  coinljiislioii    chiiinlxMs    of    hydrocarbon  engines. 

Dawson  tfe  Livens. 
l,，mii;"',i  ior  ii so  in  liard'"" ng,  annealing,  and  tempering  steel 

tools.   Acres.  25799. 

1914. 

Tmbim's  and  contrifugal  pumps.    Jerrard.  45. 

ELECTRICAL,  1913. 

Starting  and  regulating  devices  for  electric  motors.    Olmsted  and 

Boothman .  745. 
Apparatus  for  producing  electricity.    Meyers.  1098. 
Electric  vacuum-light  apparatus.    Moore-Lidvfc  Akt.-Gos.  1218. 
Hrusli-hoklers  for  dynamos.    Von  Zweigbergk.  1337. 
Magneto-electric  machines  for  combined  ignition  and  illuminating 

p  1 1  r  poses .     S  i  nt  m  s.     1501 . 
Electric  arc  lighting.    Pearce  &  Wilkinson.  G964. 
Starting  and  regulating  direct-current  motors.    Cumont.  7983. 
Means  for  equalising  or  balancing  electric  currents.  Railing 

and  Garrard.  11905. 
Trolley  or  collector  wheels  for  electricity.    Anderson.  17850, 
Sparking  plugs  for  electric  ignition  purposes.     United  Motor 

Industries,  Ltd.,  and  De  Rodakowski.  20929. 
Portable  electric  lamps.   Non.  22707. 


METAL  QUOTATIONS. 

TUESDAY,  FEBRUARY  3kd. 

Aluminium  ingot    90/-  per  cwt. 

,,         wire,  according  to  sizes,  &c  from  117/ -  " 

,,        sheets        ，，  ，，    ，,  112/—  " 

Antimony   £28/-/-  to  £30/-/-  per  ton. 

Brass,  rolled   7^d.  per  lb. 

，,    tubes  (brazed)    0|d.  ，， 

"       ，，     (solid  drawn)   8Jd".  ，， 

，，       ,,      wire    ，， 

Copper,  Standard   £66/5/-  per  ton. 

Iron,  Cleveland   51/4i  ,， 

，， Scotch   57/4  J  ，， 

Lead,  English    £20/10/-  ,， 

，， Foreign  (soft)    £20/2/6  ,, 

Mica  (in  original  cases),  small   6d.  to  3/—  per  lb. 

，，  ，，  ，，       medium   3/6  to  0/-  ,， 

,，  ，，  ，，       large   7/0  to  11/- ，， 

Quicksilver   £7/10/ -  per  bottle 

Silver   2fi|d.  per  oz. 

Spelter    £21/10/-  per  ton. 

Tin,  block   £183/—/—  ，， 

Tin  plates   13/1^  ，， 

Zinc  sheets  (Silesian) …   £25/-/-  " 

，，  (Stettin  ；  Vieille  Montagne)   £25/2/6  ,, 


Lectures  on  Lubricants. ― Mr.  Lionel  G.  Radcliffe,  lecturer 
in  organic  chemistry  at  the  Manchester  Municipal  School  of 
Technology,  began  on  Thursday  last  week  a  course  of  ten 
lectures  on  the  "  Chemical  Technology  of  Lubricants."  The 
lectures  are  intended  for  engineers  and  others  engaged  in 
industries  in  which  lubrication  is  of  importance  ；  also  for  per- 
sons engaged  in  the  manufacture  or  sale  of  lubricating  oils. 
Before  dealing  with  lubricants  the  lecturer  urged  tlie  im- 
portance of  attention  to  friction  in  machinery-  In  many 
mills,  Mr.  Radcliffe  said,  to  drive  a  shaft  alone  required 
from  20  to  30  per  cent,  of  the  useful  work  done  by  the  en- 
gine, and  sources  of  loss  could  be  reduced  by  a  more  careful 
attention  to  the  use  of  proper  lubricants,  and  a  knowledge 
of  their  manufacture  and  composition.  A  good  deal  of  stuff 
was  offered  for  use  which  might  be  termed  retardants  rather 
than  lubricants.  At  first  trial  they  worked  well,  but  soon 
began  to  clog.  .  Mr.  Radcliffe  then  referred  to  the  sources  aud 
properties  of  lubricants,  and  the  distinction  between  mineral 
and  vegetable  oils.  Incidentally  he  mentioned  the  increased 
demand  for  castor  oil  as  a  lubricant  by  airmen,  who  required 
something  that  would  stick  to  the  machinery  despite  the 
rapid  movements  of  the  propeller.  In  subsequent  lectures 
he  will,  among  other  matters,  deal  witli  tlie  chemical  proper- 
ties and  methods  of  examination  of  lul^ricants,  and  the  charao- 
t  oristics  of  individual  oils  used  in  blending  lubricant  ?. 
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FLEXIBLE 


METALLIC  TUBING 


Write 
for 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,   Highest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c. 


a) 


HEAD  OFFICE: 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown. 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand. 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  ''  will  stand. 


WHY  NOT  WEAR  A  SMILE  P 

NflNL EAK  Jointing 

l、UI、LXMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs, 


BRITISH  MAKE  I 


FREE  FROM  LEAD  I 

IMPROVES  WITH  AGE  I 


TESTING  SAMPLES. 


WILL  NEVER  BLOW  OUT,  SCALE,  OK  BOT. 

Leeds  Road, 


J.  E.  TURNER  &  CO.,  Ltd.,  ^        br^d^rd,  voru. 


NOW  READY. 

Fowler's  Mechanics  &  Machinists9 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 

The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  thousands  were  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 


Price  8d.  post  free. 

SCIENTIFIC   PUBLISHING  COMPANY, 

53,  NEW  BAILEY  STREET,  MANCHESTER. 


Vol.  33，  No.  838. 

Edited  by 
IAM    H.  FOWLER, 

Wh.  Sc.,  M.Inst.C.E. 

Telegrams:  "Scientific,"  Manchester. 
Telephone  No.  6O55  City. 

SUBSCRIPTION  RATES. 

United  Kingdom  :  12/6  p'、r  aiiiiuin.  j)ost  frro. 

Canada :  14/6  per  annum,  post  free. 

Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
， ？ 1J-*       "  .   ，，  Thick  ，， 

*  Foreign  Remittances  by  International  M("i''v  ('r'"  r  'ml'. 

Note— Direct  annual  subscriptions   include   ； i    Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pod't  Book." 

Cheques  and  Postal  Orders  should  be  made  p;i>al 山' in  tji('  S'  '('ntifi' 
Publishing  Company,  and  forwarded  to  our  Manchester  Office, 
53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  f'm'n'iit  issue  should 
reach  our  Manchester  office  not  later  than  first  post  T'wl;iv 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 

Accidents  in  Foundries. 

A  Departmental  Committee  appointed  by  th<*  Home  Oflice  to 
enquire  into  accidents  in  places  under  the  Fartorv  and 
Workshops  Act  suggested  that  certain  matters  on 
accidents  in  foundries  should  be  made  the  subject  of  special 
enquiry,  and  subsequently  discussed  with  represonlativos  of 
employers  and  workmen  engaged  in  the  trade.  This  has  since 
been  done,  and  the  results  are  set  forth  in  a  report  by  Mr. 
Gerald  Bellhouse,  H.M.  Superintending  Insj^ctor  t'or  tli*' 
South-eastern  Division.  The  paints  round  wliioli  <lisrussion 
centred  related  to  questions  of  lighting,  the  use  of  iron  floor 
and  gangway  plates,  the  catching  and  carrying  of  metal  from 
the  cupola,  tlie  testing  and  examination  of  lifting  tackle,  and 
the  protection  of  the  feet  of  workmen  from  risk  of  burning  by 
splashed  metal.  With  the  exception  oi'  the  first  aiul  last  of 
these  points,  both  of  which  are  important,  while  the  last  is 
associated  with  the  greatest  number  of  accidents,  a  pretty 
general  agreement  was  reached  by  the  parties  concerned,  so 
that  there  is  not  inucli  likelihood  of  difficulty  Wiiig  experi- 
enced in  carrying  out  the  new  foundry  regulations  it  is  pro- 
posed to  embody  in  llie  Factory  and  Workshop  Act  of  1901 . 
They  will  undoubtedly  tend  to  greater  safety,  and  there  is  no 
doubt  that  many  accidents  now  occur  in  lonndries  uliicli  are 
preventable.  One  indirect  but  imp<uta"t  contributory,  to 
them  in  many  ways  is  defective  lighting,  but  it  was  the  one 
point  011  whicli  110  agreement  could  be  come  to,  and  on  wliicli 
tlie  Home  Office  do  not  at  present  propose  any  definite  regula- 
tion. Circumstances  and  available  methods  of  lighting  differ 
so  widely  that  it  is  not  easy  to  formulate  definite  rules,  aml， 
seeing  that  the  whole  question  of  factory  and  workshop 
lighting  is  being  made  the  subject  of  special  oii(|uirv  bv  a 
Departmental  Committee,  it  is  p《、rlia|>s  as  well  the  matter 
should  remain  for  the  present  in  abeyance.  As  regards  the 
use  of  iron  plates  for  gangways  and  inulor  the  spouts  of 
cupolas,  the  conference  disclosed  great  divergence  of  opinion 
amongst  the  operatives  themselves,  as  well  as  amongst  the 
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representatives  at  the  conference.  This  we  can  understand, 
for  foundries  differ  widely  as  regards  das&  of  work  dealt  witli, 
a ii(l，  while  a  plate  gangway  may  iu  one  shop  be  a  distinct 
atlvantage  and  conduce  to  safety  by  permitting  of  easy  trans- 
poi'tation  of  molten  metal  to  various  parts,  it  may  in  another 
case  be  a  nuisance.  There  was,  however,  complete  agreement 
in  one  respect,  that  where  used  such  plateways  should  be 
kept  dry,  so  as  to  avoid  tlie'  explosive  splash  which  occurs 
when  molten  iron  is  spilled  on  a  damp  plate.  No  exception 
also  can  be  taken  to  a  regulation  which  insists  on  a  clear 
passage  way  of  18in.  when  there  are  rows  of  small  moulding 
boxes  to  cast  with  a  hand  ladle,  or  which  forbids  boy&  under 
16  years  of  age  carrying  molten  metal.  Equally  reasonable 
is  the  regulation  which  in  future  will  insist  on  all  lifting 
chains  being  periodically ,  annealed  and  tested  and  a  register 
kept  of  all  chains,  containing  the  distinctive  mark  of  each 
with  its  safe  working  load  and  the  dates  on  which  it  was 
annealed  or  tested.  Accidents  with  lifting  tackle  are 
generally  serious  and  are  far  too'  many  The  most  frequent 
^ou rre  is,  however,  burns,  especially  of  the  feet  and  legs,  due 
to  the  spilling  of  hot  metal  in  thei  process  of  catching  it  in 
ladles  at  the  cupola,  carrying  to  the  moulds,  or  pourings  it 
therein.  There  are  few  moulders  of  middle  age  who  have  not 
been  burned  in  this  way  at  one  time  or  another,  and  few  who 
have  had  experience  of  foundry  work  who  will  not  admit  that 
a  great  many  of  these  burning  accidents  could  be  prevented 
by  the  use  of  proper  foot  gear.  Ordinary  laced  boots  when 
thev  become  worn  offer  convenient  openings  for  the  entrance 
of  a  drop  of  molten  metal  if  it  happens  to  be  spilled  over  the 
foot,  and  slight  spilling  is  more  or  less  unavoidable,  and  the 
result  is  a  nasty  burn  that  takes  weeks,  and  sometimes  even 
months,  to  heal.  Clogs  are  worse  than  boots.  How  largely 
foot  burns  enter  into  foundry  accidents  is  evident  from  the 
fact  that  out  of  1,296  accidents  due  to  hot  metal  in  the  period 
January  to  June,  1912,  no  less  than  898  resulted  in  burns  to 
the  foot  or  lower  part  of  the  leg.  Obviously  the  best  protec- 
tion against  this  class  of  accident  is  the  wearing  of  special 
boots  which  do  uot  provide  openings  through  which  metal  can 
readily  get  inside,  or  of  a  covering  in  ； the  shape  of  a  flap  or 
spat,  but  on  tliis  matter  differences  arose ；  the  ein|)loyers, 
while  approving  generally  of  such  provision,  thpuglit  tlie  men 
yhould  provide  their  own.  On  the  other  hand,  the  men,  while' 
admitting  the  value  of  such  provision,  objected  to  its  being 
conipulsory,  on  the  ground  that  "  if  tliey  did  not  use  foot 
protectors  they  would  be  liable  to  penalties  and  to  possible  loss 
of  workmen's  compensation  in  case  of  injury.  '  It  is  a  curious 
attitude,  and  throws  an  interesting  side  light  on  the  way  in 
which  workmen  view  precautions  for  their  safety.  We  are  glad 
the  differences  between  the  two  parties  have  not  prevented 
the  Home  Office  taking  definite  action  in  the  matter,  and  tliat 
in  the  new  regulations  it  will  be  compulsory  for  adequate  pro- 
tection for  the  feet  to  be  provided  and  maintained  in  proper 
order,  and  equally  compulsory  for  every  p&rsou  ern ployed  in 
any  part  of  a  foundry  wliere  niolien  metal  is  caught,  carried, 
or  poured,  to  wear  them.  Such  a  provision,  we  are  convinced 
from  personal  experienrr-,  will  reduce  accidents  from  foot  burns 
to  very  small  dimensions. 


Nottingham   University    College  ••    Scientific    Exhibition.  ―  In 

order  to  interest  the  j)ul)lic  in  the  work  of  the  University 
College,  and  also  to  raise  funds  for  csrtain  student s'  cluhs  aiul 
societies,  a  scientific  exhibition  with  entertainments  and  a  sa】e 
of  work  will  be  held  in  the  College  on  Saturday,  February 
21st,  from  3  p.m.  to  10  p.m.  Tickets  of  admission  may  be 
obtained  gratis  from  members  of  the  staff  and  from  students, 
or  on  application  at  the  College.  All  the  departments  of  the 
College  will  be  thrown  open  to  visitors,  and  there  will  be 
exhibitions  of  educational  and  scientific  interest. 


ELECTRICITY  IN  MINES. 

In  the  course  of  an  address  recently  delivered  before  the  North 
Staffordshire  Institute  of  Mining  and  Mechanical  Engineers, 
Mr.  Robert  Nelson  (H.M.  Electrical  Inspector  of  Mines) 
stated  that  the  3 -phase  system  of  transmission  and  distribu- 
tion possessed  clear  advantages  over  the  one  and  2- phase 
systems.  The  best  system  rested  between  the  3-phase  system 
and  the  continuous-current  system .  Although  with  the  same 
voltage  of  transmission  the  cables  of  a  continuous-current 
system  cost  about  30  per  cent,  less  than  those  of  a  correspond- 
ing 3-phas&  alternating-current  system,  the  former  svstom 
was  one  of  limited  rang©  only.  Continuous  current  i'o v 
colliery  work  must  be  transmitted  and  distributed  at  the 
pressure  at  which  it  was  generated,  but  the  difficulty  of  spark - 
less  commutation  at  high  pressures  limited  the  pressure  of 
generation  to  but  little  above  the  limit  of  medium  pressure 
defined  in  the  General  Regulations  for  Coal  Mines,  namelv, 
650  volts.  Hence,  if  the  necessity  aros&  to  transmit  any 
considerable  amount  of  power  a  greater  distance  than  one 
mile,  ov  thereabouts,  the  voltage  limit  just  indicated 
operated  against  the  use  of  continuous  current.  The  3-pha^e 
alternating-current  syst&m  had  tlie  advantage  that  there  was 
no  upward  limit  of  pressure  for  long- distance  transmission, 
and  the'  pressure  could  be  transformed  by  apparatus  without 
rotating  parts  to  any  pressure  desired  ；  for  example,  to 
medium  pressure  for  use  in  motors  and  to  low  pressure  for 
use  in  lamps  and  portable  apparatus. 

Comparing  the  respective  merits  of  the  cantinuous-current 
motor  and  the  3-phase  alternating-current  motor,  he  stated 
that  the  latter  po'ssessed  the  following  advantages  ：  (1)  The 
first  cost  of  a  3- phase  motor  was  about  25  per  cent,  less  than 
a  continuous-curr&nt  motor  of  corresponding  size.  (2)  Three- 
phase  motors  were  inherently  of  better  mechanical  con- 
struction than  continuous-current  motors,  and  therefore  with 
equal  care  in  design  and  construction  were  less  liable  to 
breakdown.  (3)  If  3-phase  motors  of  the'  squirrel-cage  type  be 
used  no  complicated  starting  apparatus  was  required,  and  as 
such  motors  had  no  rubbing  contacts  carrying  current,  there 
was  no  possibility  of  sparking  in  normal  working.  (4)  Three- 
phase  motors  had  greater  overload  capacity  than  continuous- 
current  motors.  Hence  to  deal  with  a  variable  load  a  smaller 
motor  was  required  on  a  3-phase  system  than  would  be 
required  on  a  oontinuous-current  system . 

Continuousrcurrent  】notors，  on  the  other  hand,  dealt 
better  with  a  heavy  load  at  starting,  and  could  easily  be 
arranged  to  run  economically  at  widely  varying  speeds. 
Further,  where  space-  was  limited,  they  were  more  adaptable, 
but  nevertheless  far  general  purposes  they  were,  an  the  whole, 
inferior  to  3-pha£> &  itiachiiie&.  In  general,  then,  though  each 
system  had  its  merits,  3-phase  working  appeared  to  hold  a 
Eubstantial  advantage  over  continuous-current  working. 

The  practical  requirements  for  safety  in  working  electrical 
plant  underground  were  briefly  ：  (1)  Strong  metallic  outer 
coverings  for  all  apparatus  ；  (a)  to  protect  insulating  material 
from  abrasion  ；  (/>)  to  prevent  accidental  contact  by  persons 
with  live  parts  ；  and  (r)  to  prevent  open  sparking.  (2)  An 
efficient  connection  to  earth  for  tlie'  metallic  outer  coverings. 
(3)  Provision  for  automatically  making  a  faulty  circuit  dead 
iniTnediately  leakage  of  current  began  to  develop. 

The  cornplete  enclosure  of  all  live  parts  within  substatitinl 
e?H'ihed  metallic  outer  coverings  was,  lie  remarked,,  the  best 
safeguard  against  every  kind  of  electrical  accident .  It'enis  (1  ) 
and  (2)  above,  could  as  readily  be  provided  for  in  <'untinuous- 
current  working  as  in  3-phase  working.  Item  (3).  on  the 
ot  her  hand,  could  more  convenient  lv  l>e  provided  for  in 
3-phase  working.  To  provide  for  cutting  o(T  tlie  current 
automatically  iimnediately  leakage  of  current  took  plact*,  it 
was  neces-ary,  under  the'  siniplcr  systems  of  automatic 
protect  ion  in  use,  to  connect  to  eartli  tli€  neutral  (or  inicl- 
voltage)  point  of  the  winding  of  the  generator  or  transfonner 
whi<'l)  sup]>lied  the  current.  The  neutral  point  of  a  3-phase 
generator  was  jnore^  readily  available  than  was  tlie  corre- 
s]>onding  point  on  a  continuous-current  generator,  namely,  the 
mid-voltage  point.  This  was  an  incidental  advantage  that 
3-phase  working  enjoyed,  but  the  determining  factor  in 
respect  of  automatic  protection  was  tlie'  convenience  of  being 
able  to  use  current  transformers,  and  these  were  only 
•  available  in  simple  form  on  alternating-current  circuits. 
Although  tlie  3-phase  system  of  working  was,  on  the  whole, 
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superior  to  tlic  cont  itiuous-cuncut  svsi  imii  ,  it  was  not  beyond 
the  ran^c  of  |)ossil)i lily  ilial  sonic  (l(>v (小屮 m('iit  ，  ;il  |H'csi'ii( 
uhmis|)(m-I(mI,  mi^hl  revci-sc  t  his  (i「  ； Jl'airs.       The  ； iIkivc 

conclusion  should  ])rvi'oral)ly,  t  h('r''l'm  (、  Im'  aicW  in  t  his 
way  :  With  t-lie  a])i)ii;mc(\s  in  piv 卜'; ('lit  use  .'i-jfliasc  "'('rkiii 乂 
appeared  to  ])o.  st.'ss  substantial  advantages  over  font inuou.  - 
cuirenl  working. 


BOOK  REVIEWS. 
Marine  Boiler  Management  and  Construction.    By  C.  E.  Stromeyer, 
M.Inst.C.E.    9； in.  by  6Jin.  ；  410  pp.     Fourlli  。'liti。M. 
Longmans,  Green,  &  (Jo.     Price  12s.  6d.  net. 

The  issue  of  a  fourth  edition  of  this  work  is  good  oviclenca 
of  its  appreciation  and  of  its  established  position  in  boiler 
literature.  The  book  has  been  extensively  added  to  and 
improved  since  its  first  appearance,  and  in  this  edition  has 
been  brought  quite  in  line  with  current  practice,  while  con- 
siderable additions  liave  been  made  to  the  records  of  experi- 
mental data  bearing  on  the  strength  of  boiler  structures 
which  are  scattered  throughout  the  book.  The  chapter  on 
boiler  construction  is  particularly  strong,  unci  a  study  of  it 
would  be  useful  to  any  boilermaker  or  engineer- in M'liarge  in 
connection  with  many  little  troubles  that  occur  in  practice 
during  the  actual  work  of  construction^  or  which  are  developed 
by  the  pressure  and  temperature  stresses  when  the  boiler  is 
put  into  service.  To  the  boiler  surveyor  or  inspector  other 
sections  dealing  with  the  physics  of  heat  transmission,  the 
chemistry  of  combustion  and  corrosion,  and  the  mechanics  of 
design,  will  be  not  less  valuable  for  the  mass  of  information 
condensed  in  them.  These  com prehensive  chapters  are  sup- 
plemented with  Lloyds  and  Board  of  Trade  rules  for  tlic 
construction  of  marine  boilers,  and  some  useful  tables  com- 
piled froni  them  which  will  also  b&  appreciated  in  the  drawing- 
office'  when  questions  of  boiler  designs  or  estimates  ar©  under 
consideration.  The  author  has  throughout  discharged  his 
task  in  a  painstaking  and  exhaustive  manner. 

Arithmetic  of  the  Steam  Boiler.  By  Chas.  T.  Mason.  New 
York  ：  McGraw  Hill  Book  Company.  7^in.  by  4-^in. ； 
225  pp.  Price  4s.  2d.  net. 
The  author  states  in  his  preface  that  "  he  claims  no 
originality  in  the'  preparation  of  the  material  "  beyond  the 
arrangement  and  manner  of  presentation,  and  offers  it  merely 
as  a  compilation  of  arithmetical  rules  and  formulse  applicable 
to  steam  boilers.  This  being  so,  it  would  be  unfair  to  com- 
plain of  shortcomings,  though  it  is  legitimate  to  point  out 
that  such  an  elementary  treatment  of  the  subject  as  is  pre- 
sented is  not  likely  to  attract  a  wide  circle  of  readers,  for 
those  requiring  ix>  deal  with  boiler  rules  and  formulae  usually 
want  other  information  besides,  and  if  it  were  restricted  to 
this,  it  could  be  got  much  cheaper.  To  sum  up  our  opinion  of 
the  book,  it  is  elementary,  limited  in  scope,  and  dear,  and  we 
can  only  recommend  it  to  those  to  whom  the  first  point  is 
important  and  the  last  of  little  consequence. 

^    *  * 

Coal    Washing  in    Illinois,  by   F.  C.  Lincoln,  of  the  Dcpai't- 
nient  of  Mining  Engineering  of  the  University  of  Illinois, 
Issued  a«  Bulletin  No.  69  hv  the  Engineering  ExperimtMit 
Station  of  that  University. 
Tli is   bulletin    discusses  briefly  the  theories  of  crusliin^. 
screenii)^,  and  washing  coals,  followed  by  descriptions  of  the 
important  types  of  coal-washing  machines.     Next  (  mu(、  (low 
slieets   and    discussions   of    various  Illinois  washeries,  sup- 
])leniented  by  data  relative  to  different  phases  of  the  work. 
Thr  aullior  visited  many  of  the  largest  washeries  in  t  he  Stales, 
and  secured  data  covering  costs  and  methods.    This  iiit'orma- 
tion  has  been  embodied  in  a  munber  of  valuable  tables,  and 
shows  the  wide  variance  in  cost  and  washing  efficiency  among 
the  various  plants.    The  bulletin  is  completed  with  an  article 
on     Moisture  in  Washed  Coals,"  by  S.  W.  Parr,  wlierein  is 
considered  the  retention  of  water  hy  washed  coals.     Tlie  price 
of  the  bulletin  is  50  cents,  and  cojiios  ntav  be  obtained  from 
Chapman  &  Hall,  London. 


WHITFIELD'S  OAS  PRODUCERS. 

Thk  acco^ri paiiyin^  illustrat  i(Mi.s  show  an  ； m  ;m 乂'' m'-iit  o!'  yas 
producer  of  the  type  designed  t(>  deal  wit  li  lijjiii  lu'l  , ,.， 
fuels  the  non-gaseous  and  dust-like  products  of  which  a  re 
liable  to  pass  with  the  gas  and  rliokc  t  he  passages  leading  to 
tlie  point  where  the  gas  is  required.  T 1 1 i s  is  especially  so  in 
tlie  case  of  light  i'lH'ls  of  n  l)it  urniiious  or  tarry  nat  m  and 
whero  t  lie  producer  is  worked  by  t  lie  suction  stroke  。i  an 
engine.  Attempts  to  overcome  this  objection  <•  ln-rn 
made,  chiefly  consisting  in  washing  out  the  dust  a  ft  it  t  lie 
gas  leaves  the  producer.  In  tlie  design  illust  rated,  which 
has  bean  patented  by  Mr.  Charles  Whitfield,  of  16，  Tr'  、vs- 
bury  Road.  Sydenham,  S.E.,  the  dust  is  removed  before  1  lie 
gas  leaves  the  producer,  or,  in  otlier  words,  t he  dust  is  left 
in  the  producer.  The  gas  outlet  A  is  of  conical  form  in  plan, 
as  shown  in  plan.  Tlie  junction  l>ox  B  is  connect t o  t he 
out  let,  and  from  this  box  depends  a  short  pipe  C.  (^on  iifct  rd 
to  this  pipe  at  its  lower  end  by  a  tapered  ronnprtiiiir  j'i!"  I) 
is  a  pipe  E，  this  pipe  being  larger  in  diameter  llian  tli" 
pipe  C.  Supported  by  a  flange  in  the  lower  ond  of  t  lu-  ]>i|>e 
C  is  a  conical  nozzle  F，  the  lower  part  of  this  nozzle  ext ai'l- 
ing  into  the  tapered  connecting  pipe  D.  Fit t cd  1  ； ni^ciil iallv 
to  the  pipe  C  near  its  upper  end  is  a  water-supply  0. 
By  means  of  this  pipe  water  delivered  therefrom  flows  in  a 


spiral  path  around  the  inner  face  of  the  pipe  C,  thereby 
keeping  the  same  constantly  washed  and  free  from  tar  and 
dust.  The  lower  and  open  end  of  the  pipe  E  clips  into  a 
settling  tank  H.  Near  its  lower  end  the  pipe  E  is  connc  t  •  i 
by  branch  pipe  to  a  further  pipe  J,  which  at  its  lower  and 
open  end  also  dips  into  the  tank  11.  At  its  upper  end  tlie 
pipe  J  communicates  with  the  engine  through  a  ])ipe  K  and 
a  tar  extractor. 

The  feature  of  the  arrangement  is  t  he  ront  ract  ion  of  tl，《: 
passage  for  the  gas  by  means  of  t  he  n(»zzh*  F.  wlicrebv  t lie 
action  of  the  engine  during  each  suction  st  rokc  is  j>r(、vt、ii ，  ■  ' i 
drawing  over  the  dust  from  tlie  producer,  tlie  proportions  ('I 
the  nozzle  being  such  that  tho  suction  of  the  engine  lias  no 
appreciable  pulsation  effect  on  the  bulk  of  the  gas  witliin  t In* 
producer,  and  thus  allows  the  dust  to  remain  in  n  quic^rrnt 
state,  or  nearly  so,  within  the  producer.  The  accumulated 
dust  is  removed  in  the  ordinary  course  of  stoking.  By  reason 
of  the  pipe  E  being  wider  t ban  tlie  pipe  (，，  th,、  as  and  water 
pass  straight  down  from  the  nozzle  and  t here  is  thus  little 
chance  of  anv  tar  adhering  to  the  pipe  E.  Within  tlie  pip" 
J  is  an  open  spirally-arranged  channel  supported  by  a  cent  ral 
spindle  resting  on  a  cross-bar.  Water  is  admitted  into  the 
channel  through  a  pipe  at  the  top.  On  its  way  to  the  pipe  K 
the  gas  conies  in  contact  with  tlie  water,  and  is  thereby  cooled 
and  relieved  of  some  of  the  tar,  Arc. 
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RECENT  DEVELOPMENTS  IN  GRINDING  MACHINES. 

BY  THOMAS  R.  SHAW,  A.M .I.MECH.E. . 

The  cylindrical  grinding  machine  is  now  regarded  as  essential 
in  every  workshop  for  reducing  the  cost  of  cylindrical  work, 
but ,  notwit  hstanding  the  progress  made  in  the'  last  few  years, 
it  is  surprising  how  many  engineers  fail  even  yet  to  grasp  the 
possibilities  that  still  exist  in  the  substitution  of  grinding  for 
older  methods  of  machining.  The  majority  labour  under  the 
impression  that  grinding  is  an  additional  operation  in  the 
creation  of  cylindrical  work ,  and  they  have  to-  turn  work  as 
they  have  always  clone,  allowing  something  for  the  grinding 
machine  to  grind  oft  to  bring  to  size.  But  this  is  not  the 
case.  The'  modern  grinding  machine  was  originated  to  a ssist 
the'  lathe  in  producing  cylindrical  work,  and  to  make,  the 
process  less  expensive  than  it  was  before  any  grindiag  was 
done ~ not  simply  to  replace'  filing ；  that'  is  why  the'  grin<lin^ 
machine  is  so  essential  in  modern  engineering  practice.  Those 
who  would  produce  cylindrical  work  efficiently  must  recognise 
the  fact  that  different  cases  require  different  degrees  of  refine- 
ment, and  whether  the  work  requires  a  low  or  a  very  high 
degree  of  refinement  ,  the  lathe  work,  to  be  efficient,  shuukl 


l»ut  iii  19<)0  t  he  s))i'cialisc<l  irianut'Hcture  of  precision  plain  and 
universal  grinding  machines  was  commenced  by  the  Churciiill 
M;i('liin('  Tool  (_\>iii})aiiy,  Ltd.,  Manchester,  and  1  liev  Ua vc  so 
developed  this  business  that  to-day  there  is  no  necessity  t o  '— 
abroad  for  a  ^riiRlin^  machine  fully  up  to  date. 

The  Churchill  grinding  iiiacliiiies  cover  a  very  wide  raw 
of  sizes  and  types,  and  the  purpose  of  the  writer  is  to  bring 
before  the  notice'  of  our  readers  some  of  the  various  int-ereslinj^ 
features  of  these  machines.  They  have  found  so  murh  favour 
among  operators  that  they  are  in  use  in  every  branch  of  the 
engineering  industry,  having  been  adopted  in  ordnance  work:-, 
motor-car,  elei'trical,  textile,  and  general  engineering  works. 
The'  sizes  of  plain  grinding  machines  now  regularly  nianu- 
factured  and  standardised  range  from  small  iiiachines  to  grind 
4in.  diam.  by  24 in .  long  to  large  inachines  to  grind  4。in.  r  1  kh 1 1 . 
by  240in.  long  between  centres.  Being  built  in  a  works 
devoted  solely  to  such  manufacture,  the  result  is  that  these 
machines  possess  distinctive  features  peculiar  to  themselves, 
and  no  effort  is  spared  to  continually  improve  them  and  keep 
them  in  the  front  rank.  The  type  of  machine  built  is  that, 
with  a  travelling  work  table  and  stationary  wheel  head,  whicli , 
experience  has  proved,  possesses  a  decided  advantage  in 
allowing  immediate  control  of  the  grinding  wheel.  Experi- 


F 丄 g.  1.— Chubchill  Grindinu  Ma' hini,  Spindlk,  showing  Method  of  Oil  Circulati on. 


be  the  same,  viz.,  as  rough  and  as  cheap  as  it.  is  possible  to 
make  it. 

The  lathe  to-day  should  be  a  roughiug  tool  only,  and  the 
grinding  machine'  a  refining  tool  only,  not  a  perfecting  tool. 
Some  grinding  machines  may  produce'  greater  refinement  than 
others,  but  none-  can  produce  literally  exact  and  perfect 
cylinders.  While  it  is  true  many  mechanics  look  upon  a  high 
degree  of  refinement  as  accuracy,  and  speak  of  it  as  &uch,  it  is 
easy  to  prove  that  it  is  not  accuracy,  but  simply  a  high  degree 
of  refinement. 

Diversified  duties  are  now  exacted  from  grinding,  and 
machines  are  built  to  suit  the  varying  requirements  :  plain 
niachines  for  shafts,  studs,  pistons,  crank  shafts,  &o. ； 
universal  machines  for  dealing  with  all  classes  of  work  ； 
internal  machines  for  grinding  holes  in  cylinders,  spindles, 
milling  cutters,  bushes,  gears,  ball  races,  &c.  ；  surface  grinding 
machines  for  flat  surfaces  of  all  kinds  ；  special  machines  for 
work  such  as  cams  for  gas  and  oil  engines,  automobiles  ；  and 
machines  for  grinding  by  means  of  formers  irregularly-sliaped 
cylindrical  pieces  such  as  are  used  in  ordnance'  and  textile 
work . 

The  manufactui*e  of  grinding  machines  has  usually  been 
associated  witli  America  and  Germany,  and  not  until  within 
quite  a  recent  period  has  the  manufacture  of  grinding 
machines,  to  any  gre'at  extent,  been  carried  on  in  this  country, 


enoe  has  demonstrated  that  in  a  grinding  machine  of  this 
character  a  travelling  work  table  properly  designed  and 
accurately  finished  naturally  assists  in  continuing  the-  accuracy 
of  the  machine.  It  is  a  well-known  fact  that  a  lathe  carriage, 
although  every  precaution  in  design  be'  taken,  will  eventually 
wear  the  ways  untrue,  clue  to  the  carriage  engaging  but  a 
portion  of  the  ways  during  most  of  the  time.  This  is  also  true 
of  a  milling  machine  where  the  table'  is  longer  than  the  saddle, 
the  continual  use  on  the  machine  of  short  work  soon  causing 
perceptible  binding  of  the  table  on  the  ends,  providing  the 
gibs  are  properly  adjusted. 

One  of  the  principal  features  aimed  at  in  the'  Churchill 
grinders  has  been  simplicity  of  operation,  and  every  care  has 
been  exercised  to  give  centralised  control  of  all  operating 
handles. 

The  body  of  all  machines  up  to  10ft.  between  centres  l'e^U 
on  three  feet,  and  ribbing  inside  the  body  is  in  the  form  of  a 
bridge,  to  give  maximum  rigidity. 

Stability  is  an  essential  feature  in  all  large  machines,  also 
that  1  lie  bearings  be  wide  and  provided  with  efficient  lubrica- 
tion, and  to  this  end  the  pressure  per  square  incli  on  the 
sliding  ways  is，  even  when  carrying  the  heaviest  weights,  kept- 
very  low.  To  facilitate  lubi'iration  of  the  slides,  a  special  oil 
rluuinel  is  provided  at  the  side  of  the  vee  and  flat  rpsjtectivrlv. 
This  holds  a  large  quantity  of  oil,  and  is  connected  to  all  the 
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oil  pockets  on  the  sliding  ways,  so  that  the.se  can  be  kept 
constantly  full  of  oil,  and  cannot  by  any  means  run  dry. 
Steel  oil  rollers  carried  on  spring  bearings  are  fitted  into  eac\\ 
oil  po(，ket，  and  the  outer  edge  of  the  vee  and  flat  ways 
respectively  is  raised  above  the  actual  bearing  jK>rtion  so  that 
oil  cannot.  es€ape,  and  is  of  necessity  forced  to'  run  back  to  t  Ihi 
oil  wells,  ensuring  constant  circulation. 

Rigidity  is  anotlier  es&ential  in  a  grinding  inacliiiuv 
Accuracy  and  good  finish  are  impossible'  if  there  is  the  sliglitest 
vibration.  Few  inachines  employed  for  fine  work  have  more 
unfavourable  conditions  to  contend  against.  The  rapidly- 
revolving  wheel  and  work  and  tlie  abrupt  reversal  of  the  table 
at  the  ends-  of  its  traverse  are  all  conducive  to  vibrations, 
which  are  further  augmented  by  the  cutting  action  of  the 
wheel.  When  speeds  and  feeds  are  increased  and  heavier  cuts 
taken  iti  order  to  fulfil  production  requirements,  it  is  evident 
liow  great  is  the  need  of  perfect  stability  and  rigidity.  Special 
attention  lias  been  paid  to'  the  design  of  the  spindle.  Tliis 


When  wear  take«  place  the»c  pads  an'  slackened  by  uns<T*  winjj 
the  screws  which  liohl  them  (they  are  not  taken  out),  and. 
after  the  bush  lias  been  closed  in  hy  inoaiiH  of  drawing  st 
into  the  taper,  the  pads  aro  onre  a^ain  drawn  up  ti^lit  I  v  into 
place.  A  section  through  one  of  tlio»e  sj>in<lic*-  hfarin^s 
is  given  in  Fig.  1 . 

A  special  and  v('rv  important  feature  of  all  (,lmi"liill 
grinding  wlieol  spindles  is  tlx*  metliod  of  prevcMit in^r  oil  ]  r orn 
leaking  from  the  bearings.  Tliis  is  in  the  form  of  a  fine  vee 
thread  which  is  cut  on  the  spindle  at  tlie  ext  vtntw  vtid  of  cac-h 
hearing,  this  tliread  hmn«(  so  arraii^od  that  the  (Jirertion  of 
the  rotation  of  the  spindle  tends  to  force  the  oil  into  t lie 
bearing,  and  so  prevents  leakage  and  creeping  of  oil  alon^' 
the  spindle. 

The  arrangement  of  wheel  feed  is  by  worm,  worm  wheel, 
and  rack  and  pinion,  as  shown  in  Fig.  2.  This  (,ons，  ri"  ，  i。" 
confines  tlie  parts  which  may  be  subjected  to  the  effec  t  ^  of 
torsion  into  a  small  compass,  and  enables  the  wlieel  t:>  bo 


MICROMETER  FEED 
DISC  ANO  AUTO-TRIP 


FlG.  "2.— C30KS-SECTION  OF  GlUNBINCi  AlACU【N】:，  SHOWING  THE  PltlNCir.VL  KI. 


runs  in  parallel  bearings  with  split  taper  bushes  adjustable 
by  means  of  fine  thread  nuts  at  either  end.  The  spindle  is 
lield  at  one  end  by  means  of  a  double  ball  thrust  bearing. 
This  construction  allows  the  spindle  freedom  to  expand 
endwise  without  affecting  the  adjustment.  It  has  been  found 
tliat  split  taper  bus  lies  have  a  tendency  to  close  in  on  the 
spindle  at  the  point  of  severance,  independent  of  the  action 
of  drawing  in  by  means  of  the  adjusting  nuts.  This  is  an 
objectionable  feature  in  the  spindle  of  a  grinding  machine,  as 
it  is  essential  to  the  true  and  steady  running  of  the  wheel  that 
a  uniform  fit  is  maintained  all  over  the  surface  of  the  bearing. 
To  counteract  this  tendency  the  top  part  of  ihe-  bush  is  pro- 
vided with  a  dovetailed  slot  into  which  are  fitted  two  dove- 
tailed steel  pads.  These  are*  held  in  position  by  clieese-head 
screws  which,  after  the  bearing  has  been  finally  adjusted,  are 
drawn  up  tight :  the  action  of  the  inclined  fares  of  the  pads 
causes  the  split  bush  to  be  forced  apart  at  this  point,  and 
prevents  any  tendency  to  close  too  tightly  on  the  spindle. 


brought  up  to  the  point  governed  by  the  trip  motion,  without 
variation  as  is  essential  in  rei>etition  work.  Anothor  feature 
is  that  the  thrust  is  self-contained  in  tlie  wheel  slide  、vlu'  li 
carries  the  wheel  head.  On  large  macliiiies  it  is  ]xxs?ible  by 
using  this  construction,  and  incorporating  an  intermediatr  ''r 
hull  wheel  between  the  rack  and  pinion,  to  bring  the  line  of 
thrust  close  to  the  whoel  spindle  centre,  thus  eliininatin*:  miiv 
tendency  for  the  head  to  W  tilted  by  the  thrust  of  the  '  m. 
The  feed  mechanism  is  thus  as  sensitive  and  accurate  as  on 
small  machines. 

Fig.  3  shows  the  arrangement  of  the  automatic  feed  to  the 
grinding  wheel  used  on  the  smaller  machines  in  order  to  put 
on  an  increase  of  cut  at  each  end  of  the  travel  of  the  table. 
This  is  obtained  from  a  spring  plunger  under  the  table 
reversing  lever,  which  is  depressed  at  the  end  of  each  stroke 
of  the  table,  and  tlie  lower  end  of  the  plunger  acting  on  thf 
end  of  a  bell-crank  lever  causes  tliis  to  oscillate,  and  theme 
through  a  connecting  rod  ami  another  bell-crank  lever,  motion 
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is  transmitted  through  a  pawl  to  a  ratchet  wheel  keyed  to  a 
shaft  passing  through  the  body  tu  the  worm  under  the  wheel 
head.  Tlie  amount  of  feed  is  regulated  by  moving  the  end 
of  the'  connecting  rod  on  the  bell-crank  lever,  which  is 
graduated  to  show  the  amount.      As  it  is  operated  by  the 


Fig.  3. —Operating  Mechanism  of  Small-sized  Grinding  Machines. 

plunger  used  for  reversing,  the  amount  of  feed  is  not  affected 
by  any  alteration  in  the,  length  of  stroke. 

The  ratchet  pawl  can  be  automatically  thrown  out  at  any 
desired  point  by  means  of  a  projection  on  a  plate  which  travels 
with  the  ratchet  wheel.  Provision  is  made  so  that  this  trip 
plate  can  be  set  very  quickly  to  an  index,  and  a  further  refine- 
ment allows  the  trip  to  be  set  a  little  forward  or  backward 
accurately  by  turning  the  small  knob  with  a  little  crank  seen 
on  the  front  plate  of  the  ratchet  wheel.  This  makes  it  possible 
to  grind  duplicate  pieces  to  within  '00025111.  diani.  to  any 
predetermined  size.    The  holes  in  the  small  index  plate  are 


to  and  from  the  work .  It  is  an  axiom  tliat  anything  wliirli 
will  add  to  tlie  convenieiu'e  and  ease  of  operation  will  add  to 
the  increase  of  production. 

One  of  the  most  frequent  sources  of  loss  is  the  idle  move- 
ments of  the  machine,  another  is  the  time  spent  in  making 
adjustments  between  cutting  opera- 
tions. Now  in  grinding  it  frequently 
liappens  that  there  are  considerahle 
variations  of  diameter  in  pieces  which 
require  to  be  finislied,  and,  as  will  be 
readily  understood ,  the  cross  feed  of 
the  grinding  wheel  must  be  very  fine 
on  account  of  the  work  it  is  called  "upon 
to  do.  On  the  other  IukkI,  this  fine 
feed  becoTiies  a  time  loser  wlien  it  is 
neceesary  to  transfer  the  wheel  from  a 
large  to'  a  smaller  diameter  of  work ,  or 
vice  versa.  ^The  above  device  was 
therefore  designed  to  overcome  this. 
It  adds  to  the  convenience  of  the 
operator,  and,  in  addition,  an  indicator 
shows  the  exact  position  of  tho  wheel 
in  relation  to  tlie'  work. 

The  automatic  traverse  of  the  tabic 
is  controlled  by  adjustable  dogs  on  the 
front  of  the  table.  The  dogs,  which 
are  shown  in  Fig.  3，  "slide  on  a 
steel  rack  fixed  on  the  table,  and  their 
position  can  be  changed  when  the 
machine  is  running  by  simply  pressing 
a  thumb  la  toll  which  engages  with  the 
rack,  thereby  releasing  the  dog  and 
allowing  it  to  he  moved  at  will.  There 
is  also  a  fin©  adjustment  provided  on 
tlie  dog  in  the  form  of  a  thumb  nut 
and  screw,  so'  that  the-  movement  of  the 
table  and  work  can  be  regulated  to  a  very  fine  degree,  which 
is  invaluable  when  grinding  up  to  a  shoulder. 

The  reversing  met'lianism  is  operated  tlirough  a  quick - 
acting  spring  plunger  and  is  very  exact.  Interpos-ed  in  the 
table  gearing  is  a  friction  slip  clutch  wliicii  absorbs  shock 
even  when  running  at  a  high  speed .  By  this  nieans  tlie 
Churchill  grinders  了 lave  a  table  speed  far  higher  than  that  of 
any  of  the  American  machines. 

On  all  sizes  of  machines  the  work  and  table'  speeds  are 
independent  of  each  other,  which  makes  it  possible'  to  utilise 
the  full  width  of  grinding  whe-el  by  arrangiug  the  speeds  so 


-Geau  Box 

spaced  so  that  -each  space  represents  '00025in.,  consequently, 
when  in  repetition  work  the  wheel  begins  to  wear  down,  the 
operator  can  rf;ulily  &et  his  trip  back  to  allow  for  tlve  variation 
in  the  size  of  the  wheel. 

' An  ingenious  device  is  used  on  the  larger  sized  machines 
in  the  form  of  a  quick  hand  motion  to  move  ilie  wheel  quickly 


that  the  table  travel  equals  nearly  the  full  width  of  wheel  per 
revolution  of  work.  Any  combination  of  speeds  can  1ki 
obtained.  On  the  lai'^er  Jiinchines  quick-change- gear  boxes 
are  used  for  the  different  motions.  The  gear  box  used  for  the 
table  traverse  is  t>f  the  tumbler  gear  ty}>©,  all  the  gears  are  of 
chronic-nifkel  S'teeT,  and  the  tumbler  piuiou  runs  on  ball 
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journal  bearings.  T\\v  ^v,\v  box  for  giving  t  Iki  sjkmmI  chants 
lo  the  wock  is  iiiounf  tvi  dire<'t  on  t  lie  lma(lst()rk.  This  is  of  a 
tli(T(MTut  const  i  ucl  ion,  as  shown  in  Fig.  A .  The  box  itso'lt' 
Con  us  ati  oil  l)at  h  and  is  all  onclosed.     Foil  r  s|m'(h1  cIi;iii^<\s  ； in' 

obtained  through 
a  sliding  spring  k('、'， 
； this  iiuimIxm*  is 
doubled  l)y  iih';i  ns 
of  a  double  gear 
with  i\.  chitcli  be- 
tween. Tlio  si>(>(>(ls 
are  again  doubled 
by  the  use  of  the 
t wo-spctMl  cone  pul- 
ley whicli  drives  t  In* 
box,  and  toinaintain 
an  efficient  tension 
on  the  belt  there  is 
a  tension  pulley. 

It    is  obvious 
that,    with    a  cone 
pulley    driv  c'   s  on  le 
sort     of  overliead 
gear    is  required. 
This  is  usually  ob- 
g     tained  from  a  drum, 
"     either    carried  on 
g     the   ceiling   or  by 
^  c   pillars  at  t  he  back 
g «   of     the  machine. 

Such  an  arrange- 
2  §  ment  becomes  very 
g，  objectionable  on 
|S  long  machines,  and 
<  . the'  drum,  being 
»  g  comparatively  small 
^  in  diameter,  does 
(3  not  transmit  the 
3  maximum  amount 
|h  of  power  as  is  neces- 
sary on  large  111a- 
chinevS.  On  this 
account  the  Cliurch- 
ill  Machine  Tool 
Company  have  re- 
cently patented  a 
new  method  of 
driving  by  means  of 
an  endless  belt, 
which,  besides  do- 
ing away  with  the 
overhead  gear,  is 
more  powerful  and 
efficient.  The  belt 
in  this  case  is 
driven  from  a  shaft 
； it  the  hack  of  th(、 
machine,  and  then 
over  guide  pulleys 
through  a  large 
diameter  pulley,  o\\ 
the  work  head  gear 
box,  which  takes 
thei  place  of  tho 
12-speed  cone  pulley 
shown.  The  belt 
travels  to  and  t'ro 
with  the  table.  It 
is  so  arranged  as  to 
allow  for  the  table 
being  sei  to  grind 
\  a] tor  wliou  <lt'sin"l, 
and  can  be  in- 
stantly stopped  by 
a  lever  placed  in  a 
convenient  position 
on  the  front  of  the 
machine. 

Wlien  installing  a  large  grinding  inacliine  it  is  (losiral)Ie 
to  so  place  it  in  tlie  shop  that  the  crane  may  have  a  clear 
run  over  it  for  the  purpose  of  lifting  the  work  in  and  out. 


To  this  end,  large  machines  sliould  Ik?  entirely 卜' 'll' '  ')iit;iii"'d， 
and  preferably  driven  by  motor.  Such  a  macliiiie  is  illus- 
trated in  Fig.  5,  wln'rli  is  interesting  as  showing  to  wliat 
extent  grinding  inacluiies  are  at  present  developing.  Tliis 
niachine  is  probably  the  largest  machine  of  its  rla、s  that  lias 
yet  been  built,  and  is  at  work  in  one  of  the  large  engiiioeriug 
works  in  the  nei^Iihourliood  of  Mancliester.  Tlie  drive  i 
designed  that  all  motions  of  tin*  niacliine  a  re  ol>tain*'<J  Mom 
one  shaft,  to  which  it  is  only  necessary  to  couple  the  driving 
motor.  One  half  of  the  coupling  is  shown  in  tlie  end  view  of 
a  machine  in  Fig.  6.  In  this  machine  the  work  liead  gear  box 
is  arranged  with  1G  speeds,  and  is  of  the  sliding  gear  type, 
the  gears  being  on  fixed  centres,  and  only  tliose  ；'' '； 11、  ； if-t nally 
in  use  are  in  operation.  The  drive  to  the  box  is  by  means  of 
a  shaft  at  the  front  of  .the  machine,  which  is  started  and 
stopped  by  means  of  a  large  diameter  expanding  ring  frif-t  ion 
clutx'l',  operated  by  a  lever  in  front  of  it.  With  (hi-  <!«• .  ]<■<• 
the  long  shaft  at  tlie  front  of  the  niachine  travels  with  tlie 
table,  and  runs  at  a  constant  spi'cd.  This  large  machine  lias 
a  capacity  of  36in.  diam.,  and  admits  16ft.  between  cent  r  •  ^  ； 
； mother  machine  made  by  the  same  company,  and  nea rm^ 
conipletioii,  has  a  capacity  of  20ft.  between  centres.  It  carries 
a  grinding  wheel  40in.  diam.  and  wide.      One  of  the 

special  features  of  this  inacliiue  is  the  <juick  ])ower  motion  ior 
the  wheel  head,  the  movements  of  which  are  sliown  by  an 
indicator  directly  in  view  of  the  operator.  Tliis  is  tlie  first 
machine  to  have  such  a  motion  fitted,  and  being  a  frict ioii;i  1 
device  is  safe  in  operation,  only  a  light  pressure  of  the  hand 
lever  being  required  to  set  it  in  motion,  while  release  causes 
it  to  be  automatically  disengaged. 

The  vertical  surface  grinding  macliiiie  is  anotluT  tool  that 
has  opened  up  a  new  field  of  usefulness.  Tliis  ( vpe  of  grind- 
ing machine  possesses  advantages  on  certain  classes  of  work, 
and  will  give  a  greater  production  than  either  milling,  plan- 
ing, or  other  methods  of  grinding.  The  grinding  wheel  em- 
ployed is  in  the  form  of  a  ring  or  cup  wlieel,  either  con- 
tinuous or  segmental. 

The  work  to  be  ground  is  carried  on  a  table  which  passes 
to'  and  fro  under  the  grinding  wheel,  the  method  o\  op** ration 
being  to  bring  the'  grinding  wlieel  into  cont ;u-t  w i 1 1 1  the  work , 
and  feed  it  toward  the  work  automat ically  at  each  -t mke 
the  reciprocating  table.  By  tliis  method ,  work  can  be  ground 
at  one  setting  up  to  practically  the  full  diameter  of  the 
grinding  wheel,  and  of  a  length  governed  only  hv  tlif'  l*-tiLrt  li 
of  the  table  travel. 

The  Churchill  machine,  shown  in  Fig.  7，  is  designed  ou 
the  unit  system  of  construction ― the  body,  upright,  driving 
bracket,  wheel  head,  spindle  driving  bracket,  change  speed 
gear  box,  and  feed  control  apron  all  being  built  as  separate 
units  to  simplify  construction  and  assembling  of  the  parts. 
All  shafts  run  on  ball  journal  bearings,  and  it  might  be  here 
pointed  out  that  Messrs.  Churcliill  we  re  the  first  ^riiulin*: 
machine  makers  to  introduce  tins  system  of  bearings  on  their 
vertical  machines.  Another  special  feature  is  the  balancing 
of  the  spindle.  This  is  arranged  so  that  the  spindle  is  pulled 
away  from  the  work.  This  prevents  any  tendency  to  lost 
motion,  and  ensures  perfect  solidity  of  cut. 

The  wheel  head  is  carried  on  square  gibbed  slides  of  great 
length  on  the  upright,  and  has  an  automatic  down-feed  with 
trip  motion,  which  ranges  from  *000125in.  to  *0015iu.  at  each 
stroke  of  the  table. 


SPONTANEOUS  COMBUSTION  OF  COAL  IN  MINES. 

The  first  report  of  the  Departmental  Connnittee  appointed 
by  tiie  Secretary  of  State  for  tlie  Home  Department 
upon  the  Spontaneous  C'oinbustion  of  Coal  in  Mines 
states  tliat  during  the  last  20  years  177  |>ersons  ha ve 
lost  their  lives  through  accidents  caiised  by  spontaneous 
combustion  in  ('o;，l  mines  in  the  United  Kingdom . 
The  greatest  danger  from  spontaneous  conibxistion  occurs 
in  mines  wliirh  generate  large  quantities  of  firedamp. 
Fortunately  mines  characterised  by  both  of  those  features  - 
generation  of  firedamp  aud  liability  to  spontaneous  com- 
bustion― are  not  so  numerous  as  those  in  which  only  one  or 
other  exists.  Thus,  although  the  number  of  •'  gassy  "  (usually 
described  as  "  fiery  ，，)  mines  is  very  large,  only  in  two  dis- 
t riots  arc  such  mines  liable  to  spontaneous  rombusticm  to  any 
considerable  deirree,  viz.,  in  North  Staffordshire  and  York- 
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shire.  On  the  other  hand,  although  the  majority  of  the 
mines  in  South  Staffordshire  and  East  Worcestershire  are 
liable  to  spontaneous  combustion,  few  of  them  can  be  termed 
gassy  ；  in  fact,  so  comparatively  free  from  gas  are  they  that 
mauv  of  them  are  worked  with  naked  lights.  The  fact  that 
mines  are  now  being  worked  to  much  greater  depths  than  in 
the  past,  and  the  certainty  that  still  deeper  mining  will 
obtain  in  the  future,  with  consequent  higher  initial  natural 
temperature  and  probable  higher  ventilating  pressure,  make 
it  extremely  doubtful  whether  the  comparatively  favourable 
i onditions  hitherto  prevailing  will  continue.  These  observa- 
tions apply  to  all  districts. 

The  Committee  find  that  a  state  of  doubt  exists  as  to  what 
(•[institutes  an  underground  fire,  and  consequently  at  what 
stage  of  the  spontaneous  heating  notification  should  be'  sent 
to  the  Inspector  of  Mines.  Cases  frequently  occur  when  it 
is  impossible  for  the  management  of  a  colliery  to  say  definitely 
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Fig.  6  — End  Vikw,  showing  Method  oy  Self-contained  Duivk. 

whether  a  fire  is  or  is  not  in  existence.  Gob  stink  may  travel 
some  distance  from  an  inaccessible  point  in  the  gob  or  goaf 
and  be  detected  in  an  airway  or  on  the  edge  of  the  goaf,  and 
a  fire  may  or  may  not  result.  Fires  iiave  occurred,  and  only 
years  afterwards  has  the  fact  been  discovered,  <'■(/■•>  when 
driving  through  an  old  goaf.  The  normal  temperature  of 
mines  varies  so  widely  as  between  colliery  and  colliery  that 
it  would  not  alone  be  a  safe  guide  to  give  any  fixed  point  on 
the  thermometric  scale  which  would  constitute  a  standard 
for  abnormal  heating.  The  Committee  think  therefore  that 
abnormal  heating  should  be  defined  as  a  rise  of  a  certain 
number  of  degrees  above  the  normal  temperature  of  the  air 
in  the  main  return  airway  of  the  seam  being  worked  at  the 
point  of  discharge  into  the  upcast  shaft.  They  are  of  opinion 
that  notification  should  be  sent  to  the  Inspector  of  Mines : 
(1)  Wheu  gob  stink,  smoke,  or  any  other  sign  of  combustion 
is  observed.  (2)  When  the  temperature  of  the  air  in  any 
accessible  part  of  a  mine  is  20°  Fah.  above  the  normal  tem- 
perature, or  where  the  temperature  at  such  place  attains  to 
110°  Fah.  (3)  When  any  flasli  has  been  observed  coming 
from  any  pack  or  waste.  They  further  reccmmend  thai  as 
soon  as  any  work  is  comrnenred  for  the  purpose  of  discovering 
or  combating  a  fire  or  anticipated  fire,  the  Inspector  should 
be  notified  of  the  fact. 

Some  doubt  has  existed  as  to  whether  the  occurrence  of 
a  fire  underground,  even  in  a  gassy  mine,  constitutes  a 
dangerous  state,  seeing  that  the  danger  cannot  be  said  to 
have  actually  arisen  in  the  workings,  though  it  may  arise 
at  any  moment.  Some  mining  engineers  maintain  that  on 
the  occurrence  of  a  fire  a  place  in  a  mine  is  not  dangerous 
unless  inflammable  gas  is  actually  present  in  dangerous 
quantity,  the  possibility,  or  likelihood  even,  of  such  an 
occurrence  not  constituting  such  a  state  as  to  render  com- 
pulsory the  withdrawal  of  persons.    In  most  cases  it  is  neces- 


sary that  when  once  abnormal  heating  has  been  discovered 
in  a  mine,  some  persons  should  be  em  ployed  at  or  near  the 
seat  of  the  heating,  to  prevent,  if  possible,  it  reaching  a  state 
of  incandescence,  or  to  combat  the  fire  once  it  has  occurred. 

Having  carefully  weighed  all  the  evidence  submitted  to 
them,  the  Committee  are  of  opinion  that :  In  mines  in  which 
safety  lamps  are  used,  whether  in  pursuance  of  the  Act  or 
()t.  any  regulation  or  order  under  the  Act,  or   in    mines  in 
which  ]  per  cent,  of  inflammable  gas  lias  b&en  found  in  the 
return  airway  of  any  ventilating  cfistrict  of  the  mine  on  any 
one  occasion  :  (〃)  When  smcke  or  other  signs  indicative  of  a 
fire  occur  in  any  such  mine  the  whole  of  the  workmen  should 
be  withdrawn  from  the    ventilating   district    affected,  and 
before  they  are  readmitted  the  manager  and  two  represen- 
tatives of  the  workmen  (if  the  workmen  elect  to  appoint  two 
such  representatives)  should  make  an  inspection,  the  result 
of  which  should  be  entered  in  a  book  to  be  kept  at  the  mine 
for    the    purpose,    and    should  be 
signed  by  the  parties  making  the 
inspection.    The  men  should  not  be 
readmitted  to  that  part  of  the  mine 
unless   such   report  (jointly   if  the 
men's  representatives  take  part  in 
such  inspection)  states  that  it  is  safe 
to  do  so.    (h)  When  the  presence  of 
fire  has  b&en  definitely  determined, 
that  is  to  say,  when  actual  fire  has 
been  located  or  is  known  to  exist, 
the  whole  of  the  men  working  in  the 
s&am  in  which  the  fire  has  occurred , 
and  in  other  seams  worked  from  the 
same   level,   should   be  withdrawn 
from  the  mine,  except  thos&  engaged 
in   combating   the   fire,  unless  the 
seam  is  naturally  wet  throughout,  or 
unless  such  other   districts  in  the 
s&am  or  s&ams  worked  from  the  same 
level  are  naturally  wet  throughout, 
or  are  adequately  protected  by  some 
m&ans  which  in  the  opinion  of  the 
Secretary   of   Stat©  is  effective  in 
stopping  the  progress  of  an  explosion 
of  coal  dust,     (c)  In  the  event  of  a 
(Sl'l  |'w113)  fire-  being   dammed   off   the  whole 

of  the  men  should  bs  withdrawn  from  the  mine  until  tlie 
work  is  completed,  and  should  not  be  readmitted  until  an 
inspection  has  been  made  in  the  manner  recommended  above, 
and  the  conditions  reported  safe. 


ECONOMY  OF  POWER  IN  IRONWORKS. 

A  paper  on  this  subject  was  recently  read  at'  Dudley  Institute, 
by  Mr.  Frank  Anslow,  before  the  members  of  the 
Staffordshire  Iron  and  Steel  Institute.  He  remarked  that 
during  the  last  21  years  there  had  been  extraordinary  progress 
of  improvements  in  the  manufacture  of  pig  iron  and  steel,  in 
striking  contrast  to  the  complete  absence  of  any  notable 
improvement  in  the  production  of  puddled  iron.  The 
generally  accepted  cause  of  this  was  that  capital  was  difficult 
to  obtain  for  investment  in  what  appeared  to  be  a  decadent 
industry,  but  now  that  the  position,  if  not  actually  assured, 
was,  at  least,  more  attractive,  and  after  a  prosperous  period, 
it  was  perhaps  not  unreasonable  to  anticipate  that  money 
would  be  available  for  developments  and  improvements.  The 
advent  of  a  mechanical  puddling  furnace,  capable  of  per- 
forming all  the  duties  expected  from  it,  would  materially 
assist  in  restoring  the  industry  to  its  old-time  prosperity. 
There  might  be  other  developments,  such  as  gas-fired 
puddling  furnaces,  forced  draught,  &c.，  in  connection  with 
the  actual  puddling  process,  but  whatever  they  might  be,  and 
whatever  direction  they  might  take,  the  importance  of 
economy  in  producing  and  utilising  the  power  required  for 
rolling  and  converting  the  puddled  iron  into  finished  material 
would  not  be  lessened.  Upon  the  question  of  power  required, 
attention  might  be  drawn  to  the  growing  tendency  of  iron 
makers  to  add  steel-rolling  plants  to  their  works.  Figures  had 
been  produced  showing  that  in  steel  making,  rolling,  and 
finishing,  the  actual   fuel    cost    for    rolling    and  finishing, 
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excluding  reheating,  was  only  f).\  per  of  the  total  cost 

of  production.  If  a  similar  tabulation  of  costs  for  [)uddlin^ 
and  finished  iron  was  available  possibly  a  similar  state  of 
affairs  might  he  revealed,  but,  even  so,  this  comparatively 
small  percentage  represented  many  luiii(lre(ls，  even  thousands 
of  pounds  per  annum,  which  gave  ample  scope  for  economies. 
The  methods  at  present  available    for   securing  additional 


TESTS  OF  MANGANESE  VANADIUM  STEEL 

Skrvk  k  t<*sts  of  a  shear  knife  made  of  a  new  type  of  v;ina'liiini 
steel  were,  according  to  "  The  Iron  Age,"  recently  made  by  the 
('； irnegie  Steel  ( 'ornpany,  I'it  t  sIjui  ^,  in  wliidi  tlie  i  'suits 
obtained  are  so  remarkable  as  to  indicate  that  the  steel  in 
question  promises  to  be  an  important  development.  This 
steel  was  a  special  hi^Ii-carhon  liigli-nianganese  vauadiurn 
steel  of  the  following  chemical  composition  ：  Carbon  0  72， 
manganese  1*48,  vanadium  019，  silicon  0'  124,  phosphorus 
0.027，  sulpinir  0.030.  The  knife  was  7iin.  wide,  2^in.  tliick, 
1 31  in.  long.  Tt  was  Iieat  treated  in  such  a  Triamif r  as  to  gi、',' 
leroscope  hardness  of  80  on  t  In*  cut  ting  £clges  and  n(i  to  5:") 
ill  t  lie  hody  of  tlu'  I 山 i(l<'，  wliicli  was  pi  nt  *'<■{  T\\c  knife 


Fig. 


-Vertical  Surfacr  Grin  ping  Machine.     (Note  the  centralised  control  of  operating  handles.)    (See  pa^'e  143.) 


power  or  utilising  to  better  advantage  the  existing  steam 
supply  were  varied,  but  might  be  summarised  under  the 
following  main  heads :  (1)  Use  of  the  live  steam  in  new  and 
economical  engines  with  condensing  plant.  (2)  Use  of  the  live 
and  exhaust  steam  in  turbines  for  driving  the  mills  direct 
through  gearing.  (3)  Use  of  the  live  and  exhaust  steam  in 
turbines  for  generating  electric  power  and  driving  mills  by 
means  of  electric  motors.  (4)  Augmentation  of  existing  powers 
by  means  of  electricity. 


The  Iron  and  Steel  Institute. ― The  annual  meeting  will  be 
held  at  the  Institution  of  Civil  Engineers,  Great  George  Street, 
Westminster,  on  Thursday  and  Friday,  Wi ay  7th  and  8th. 
The  Bessemer  gold  medal  will  be  awarded  to  Mr.  Edward 
Riley,  F.C.S.  The  autumn  meeting-  will  he  lield  at  Paris,  on 
September  18th  to  23rd,  1914，  by  the  kind  invitation  of  tlie 
Coinite  des  Forces  de  Franre. 


was  installed  as  the  bottom  blade  in  shears,  in  the  armour- 
plate  department,  at  the  Homestead  Works  of  the  Carnegie 
Steel  Company  on  November  14th,  1913.  It  remained  in  。" 卜 
tinuous  service,  with  only  one  of  the  four  edges  of  the  blade 
being  used,  until  December  16th，  when  it  was  taken  out  on 
account  of  fracture.  During  this  time  it  cut  800  tons  of  scrap. 
Owing  to  the  numerous  cuts  made  in  shearing  scrap,  a  blade 
in  this  service  is  considered  as  doing  300  per  cent,  more  work 
for  a  given  number  of  tons  cut  than  when  doing  ordinary 
shearing.  In  comparison,  the  average  life  of  a  blade,  where 
all  four  edges  are  used,  is  15  days  when  doing  ordinary 
sliearing,  during  which  time  it  cuts  about  150  tons  of  material. 
This  gives  an  average  of  about  37 },  tons  per  cutting  edge,  as 
compared  with  800  tons,  the  record  of  the  high-manganese 
vanadium  steel  blade.  This  latter  service  is  tl\e  lii^lipst  'm 
record  in  tlie  anno\n*-|)late  den.irtment    of   the  Homestead 
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POWER  PRODUCTION  IN  THE  UNITED  KINGDOM.* 

BY  EDWARD  G.  HILLER.,  M.I.C.E.,  M.I.M.E. 

(Concluded  from  page  119.) 

Fig.  6  has  been  drawn  to  illustrate  approximately  the  changes 
of  type  of  the  principal  types  of  engines  in  use  for  a  period  of 
vears.  The  figure  is  intended  to'  show  the.  type  or  types  of 
engine  which  were  being  adopted  in  new  installations  at'  the 
different  periods  indicated.  The  general  form  of  each  type 
t'ugine  referred  to  is  shown  at  the  head  of  each  column,  and 
the  width  of  the  space  shaded  beneath  is  intended  to  represent 
the  increase  in  the  adoption  of  the  type  by  the  diverging  line 
and  the  decrease  in  the  adoption  of  the  type  by  the  converging 
line.  It  will  he  sesn  that  the  figure  indicates  broadly  that 
while  some  of  the  types  referred  to  have'  disappeared  or 
b&oome  obsolete,  therei  still  remain  at  the  present  time  a 
greater  jiumber  of  types  available  than  was  the  case  in  earlier 
years.  This  is  in  accord  an  oei  with  experience ― which  shows 
that  new  types  of  prime  movers  do  not  render  the'  old  and 
existing  types  immediately  obsoletei  but  rather  tend  to  form  an 
additional  useful  alternativei  arrangement  of  power  producer. 

At  the'  earliest  period  referred  to  on  Fig.  6  (1850)  beam 
engines  driving  by  toothed  gearing  were  a  leading  standard 
type  for  motive  power  in  factories.  This  form  of  engine  was 
the  lineal  descendant  of  the  engines  of  Newcomen  and  James 
Watt.  On  the  figure,  a  compound  beam  engine  is  shown,  but 
of  course,  in  the  earlier  days  the  beam 
engine  was  a  single-cylinder  condensing 
engine,  compounding  on  the  McNaught 
principle  or  other  design  being  intro- 
duced later  both  for  the  alteration  of 
old  engines  and  in  the  construction  of 
new  ones.  In  the  later  periods  of  the 
beam  engine,  driving  by  toothed  gear- 
ing and  provided  with  wrought  beams, 
a  high  degree  of  efficiency  and  con- 
st ruction  was  reached . 

The  small  horizontal  engine  shown 
on  the  figure  is，  of  course,  a  prototype 
of  all  the  horizontal  steam  engines ― 
which  is  the  commonest  type  of  steam 
engine  in  use  in  the  country.  The 
horizontal  compound  engine  lias  gradu- 
ally supplanted  the  beam  engine  for 
the  purposes  of  general  driving  of 
textile  and  similar  factories.  The  hori- 
zontal engine  of  the  compound  or 
triple-expansion  type  in  its  best  form 
ol)t ains  a  high  degree  of  economy  when 
i-dniljined  with  feed-water  heaters  of 
the  economiser  class  and  super- 
heaters.     One    great   virtue    of  the 

Horizontal  type  lies  in  its  accessibility,  and  this  advantage'  has 
more  than  compeiisated  for  the'  disadvantage1  of  the  large- 
space  occupied  by  engines  of  this  character.  This  class  of 
engine  remains  to-day  the  standard  type  of  engine  for  the 
d riving  of  textile  factories  and  the  development  of  similar 
industrial  power.  The  same  general  class  of  engine  was  also 
adopted  to  a  large  extent  in  the  early  days  of  electric  po\ver 
stations,  but  it  has  been  displao&d  by  steam  turbines  for  the 
development  of  large  powers. 

Tlie  Willans  central  valve  high-speed  engine  is  referred 
to  because  it  has  a  history  of  special  interest.  It  was  intro- 
duced as  a  single-acting  high-speed  engine,  and  was  at  that 
time  the  best  practicable  high-speed  engine  available.  At 
that  time,  electric  light  stations  were  being  equipped,  and 
these  being  generally  on  the  small  scale  in  the  first  instance, 
this  type  of  engine'  was  adapted  very  well  for  driving  dynamos 
direct  on  the  shaft,  and  was  adopted  for  this  purpose  in  many 
stations.  In  a  few  years,  however,  the  high-speed  double- 
acting  engine  of  the'  Bellis  type  combined  with  forced  lubri- 
cation was  introduced,  and  this  appears  to  have  gradually 
become  th©  predominant  type  of  high-speed  reciprocating 
engine.  This  latter  type  continues  in  use  up  to  the  present 
day  for  moderate  powers  up  to  say  1,000  h . p . 

The  development  of  the  steam  turbine,  indicated  in 
column   (/'),  i&  the  outstanding  feature  of  modern  power 


engineering  on  the  large  scale.  Tlie  steam  turbine  has  l)ecome 
the  standard  type  of  primei  mover  for  the  development  of 
large  powers  at  electric  power  stations,  but  has  so  far  not 
established  itself  effectively  for  t he  driving  of  individual 
factories. 

Small  gas  engines  have  attained  a  very  great  development 
in  this  country  for  the  production  of  powers  in  factories  ； uul 
works  requiring,  say,  up  to  50  or  100  i.h.p.  In  the  early  days 
of  their  development-  they  replaced  a  number  of  small  boilers 
and  steam  engines  which  previously  were  used  for  the 
development  of  small  powers.  The'  high  power  low-speed  ^as 
engine  of  the  tandem  type,  which  has  a  large  use  on  tlie 
continent  of  Europe,  is  represented  only  by  a  limited  number 
in  this  country.  The  present  tendency  in  the  design  of  large 
power  gas  engines  in  this  country  is  in  the  direction  of  high- 
speed multi-cylinder  engines.  Many  of  these  designs  are  still 
iii  tlbe,  experimental  stage,  and  tlie'  large  gas  engine  for  the 
development  of  power  for  industrial  purposes  is  not  yet  in  a 
satisfactory  condition  as  regards  design  in  this  country,  and 
has  not  attained  any  fixity  of  form. 

Diesel  engines  are'  now  one  of  tlie  standard  forms  of  power 
producers  available,  and  are  particularly  suitable  for  certain 
circumstances.    The  total  power  in  this  class  is  not  yet  large. 

Table  II.  s-liows  the!  approximate  fuel  costs  of  different 
leading  forms  of  engines  in  use.  It  has  been  compiled  in 
order  to  show  generally  the  qualities  of  representative  modern 
engines  of  the  classes  referred  to  in  the  foregoing  remarks,  so 


Fig. 


1914, 


*  Paper  read  before  the  Manchester  Association  of  Engiueers,  January  24th, 


6. ― Illustrating  thk  Alteration  of  Types  "of "'New  Engines  inst.vllkd  for  Power  Production 
on  Land  in  the  United  Kingdom. 

far  as  fuel  cost  per  indicated  horse-power  are'  concerned. 
Table  III.  gives  reliability  statistics  of  these  different  forms  of 
prime  movers.  These  reliability  statistics  are  derived  from 
the  experienoei  of  the'  National  Boiler  and  General  Insurance 
Company,  Ltd.  They  represent  experience  on  this  particular 
characteristic  up  to  date.  They,  of  course,  are  not  permanent 
figures  ；  the  reliability  of  different  types  may  be  altered  or 
improved  by  changes  in  the  character  of  the  maintenance,  by 
increased  care  in  driving,  by  improved  construction,  material 
or  design.  Any  type,  therefore,  may  progress  from  a  low 
degree  of  reliability  to  a  high  degree,  as  indeed  has  been  the 
experience  in  the  past.  Column  N  in  Table  III.  represents 
the  relative  number  of  breakdowns  of  engines  of  that 
particular  class  per  annum,  the  figures  of  steam  engines  being 
taken  as  1.  It  is  to  be  recognised ,  however,  that,  tlie  iinpor- 
tance  of  breakdowns  or  stoppages  is  to  be  measured  not  onlv 
by  the  number,  but  also  by  the  cost  in  making  good.  Column  R 
has  been  added  to' represent  the  relative  figures  in  this  respect, 
steam  engines  being  reckoned  as  1.  A  broad  survey  of  these 
figures  indicates  that  steam  engines,  in  respect  of  reliability, 
stand  at  the'  head  of  prime  movers  for  comparatively  large 
powers.  The  small  gas  engines  up  to  14in.  diam.  show  even 
better  results  than  steam  engines  of  all  sizes,  but  the  larger 
gas  engines,  on  the  other  hand,  by  their  higher  figures  of  the 
number  of  breakdowns  and  cost,  show  a  substantially  lower 
degree  of  reliability.  The  figures  relating  to  steam  engines 
and   gas  engines    generally    refer   to    comparatively  large 


February  13,  1914] 


THE   MECHANICAL  ENGINEER. 


147 


Tahi.e  TT. ―' .  I  ( 
S'I'KA.M  Ki\(;iNK,  150II.K!:,  SUM':  It  1 1  K.\T  K  K. 


F  uel  (1oatfi  of  different  Pi 


Mi 


Steam 
( '(msMinp- 

Fuv]  Costs  ill  Pence. 

Si/e  T.II.R 

t  inn.  ll»s. 
per  !  HIV 
liour. 

hour. 

1*.  r  KII.R 

liour. 

250 
l, 訓 》 

13-3 
1  !.!»： 

•  111 

.137 
•  123 

Evaporation  T.Ubs.  water 
|H'i*  lb.  coal.   Coal  138. 
per  ton.     The  steam 
figures  are  thoso  actu- 
al ly  ohtaiiH'd  on  test . 
'I'lic  nicchanical  cflici- 
<'"'•、'  of  tin-  ('limine  is 
assiunc(|  t(»  Ik- 

STI':AM  TriiliINK,  liOlLKIl,  SrPKIMIKATKIi. 


1.(100  I.  If.  P. 
Say   Ii7(»  Kw. 

2,000  r.H.p. 

Sa\-  1,350  K\\\ 
5,000  I.H.P. 


Steam 
( 'onsuni])- 
[ i'  til  U»s.  JK'l 

KW.  In  mi'. 


Fuel  (.'osts  in  l)('n('<'. 


KW. 


13-85 


]：?.(； 


140 
120 


hour. 


102 
100 


Remarks. 


Evaporation  and  jirioo  of 
coal  as  before.  Steam 
c(»nsuni])tion  (inures are 
(ihtaiiH'd  from  Paj"'r  1,、 
Hautnann  given  before 
rnst.  E.  E. ,  in  Januarv, 
】DI2.  EfliciciKv  of 
generator  assumed  to 
be  94%. 


(； AS  KXCINKS. 


f  i  >  1 1  s  1 1 1 M  1 ) - 

ti(m  per 
Kill'. 

liour. 

r'm  i  Costs 

in  Peru*', 
hour. 

ItfrniirkH. 

Town's  (lax 
((»()<))  B/J'.U. 
Calorific 
valiH*. 

I4.9cu.ft. 

(\>Htof  ^'as  1h.  9<1.  per  1,000 
ru.  ft.  (Man*  ln  -tcr  (\»r- 
f"»mt"»n).  TUc  quote* I 
(iL'un-H  applv  to  Eu/iw-' 
of  ahout  ：>()  Rif.I'. 

Suction  Gas 
(Anthracite). 

)ll>. 

•  103 

Ant  liMicitc         per  ton. 

1  »it  uitiinoiis 
I'n  jducer. 

I.  311). 

.084 

Slack    mal.          |i<  r  ton. 
l'、m'l    included  hlandhy 

losses. 

DIESEL  ENGINES. 

Size. 

Fuel 
( 'i<n<ump- 
t  ion  11).  |"'r 
B.H.P. 
hour. 

Fuel  Costs 

in  P'.n'  '■ 
iVr  li.II.IV 
hour. 

Remarks. 

120  B.H.P. 
upwards. 

•  44 

.212 

Oil  £4.  10s.  per  ton.  This 
price  fluctuates  con- 
ai<l<*ral)ly. 

numbers.  Steani  turbines  and  Diesel  engine'  figures  refer  to 
small  iiunil)ers.  Of  course*,  Diesel  engines  are  not  yet 
largely  in  use  nor  have'  they  been  sufficiently  long  in  industrial 
operation  to  give  an  experience  extending  over  a  long  period 
of  years. 

Reci])rocjit ing  steam  engines,  of  course,  vary  inucli  in 
type,  and  t  he  ligures  given  in  Tables  II.  and  III.  are  intended 
to'  give  a  general  idea  of  the  qualities  of  steani  engines  in 
respect  of  economy  and  reliability.  If  this  question  were 
looked  at  more  closely  in  detail,  it  wooild  have  to  be  recognised 
tli at  each  typei  of  engine  varied  both  in  economy  and 
reliability.  This  isi  obvious  from  a,  consideration  of  the 
variety  of  forms  in  which  steam  engines  of  old  and  recent 
construction  are  in  use'  at  the  present  time.  Some  old  beam 
engines  working  at  comparative  low  pressures  still  continue 
in  us &，  driving  by  toothed  gearing.  The  economic  results  of 
tliese  is  probably  moderate  and  the  reliability  figures  below 
the  best .  Then  again,  horizontal  non-condensing  engines  have 
a  lii^h  degi  ee  as  regards  reliability  and  a  low  figure  as  regards 
economy.  Vertical  high-speed  condensing  engines  with  forced 
lubrication  give  good  results  both  in  economy  and  reliability. 
Probably  the  highest  degree  in  both  directions  as  regards  land 
engines  is  reached  by  the  st andai'd  faclorv  engine  for  textile 
factories  witli  rope1  driving,  working  compound  at  moderately 
high  steani  pressures,  provided  by  steam  from  a  Lancashire 
boiler  equipped  with  superheater  and  economizer. 

It  is  well  recognised  that  the'  steam  turbine  in  its  various 
forms  attains  a  high  degr&&  of  economy  as  indicated  on  Table 
II. ，  and  for  powers  of  1 ,000  i.h.p.  and  upwards  for  the 
development  of  electricity  on  】and,  it  is  the  standard  type  of 
]>rinie  mover.  It  is  not  yet  largely  in  use  for  the  purpose  of 
driving  individual  factories.  The  steani  turbines  covered  bv 
tlie  figures  referred  to  in  Table  III.,  are  mainly  of  the  Parsons 
type  and  show  a  considerable  number  of  accidents,  namelv, 
3*36  times  as  many  as  occur  to  stea^m  engines  pro  rata,  and 
taking  account  of  the  number  and  cost,  6'3  times.  Most  of 
the  accidents  have  been  of  the  nature  of  stripping  of  blading, 
also  in  a  number  of  cases,  cracking  of  castings  and  the  like. 
The  long  distance  between  the  bearings  of  turbines  of  this 
class,  sniall  clearance  of  the  tips  of  the  blades,  combined  with 
differences  of  expansion  due  to  the.  difference  of  tempera- 
ture,'would  appear  to  he  the  conditions  wliich  tend  to  increase 
the  number  of '  accidents.  Reliability  would  prol>ablv 
increase  with  a  reduction  in  distance   between   the  bearings 


and  greater  clearance  between  the  moving  parts,  wliich 
features  are  to  be  found  in  many  of  the  later  designs.  The 
liigh  ratio  of  accidents  is  probably  not  a  permanent  feature  of 
this  class  of  prime  movers.  The  causes  of  accident  are  not 
inherent  in  the  design  of  all  turbines  and  can  be  reduced,  and 
a  substantial  improvement  ill  this  respect  is  to  be  expected  as 
a  result  of  modification  of  design  and  construction. 

The  economic  results  as  measured  by  fuel  cost  of  earli  of 
the  types  of  gas  engine  included  in  Table  II.  are  good, 
particularly  those  working  in  connection  with  bituminous 
producers.  If  the  general  adoption  of  a  prime  mover  were 
determined  simply  from  a  consideration  of  fuel  costs,  there  is 
no  doubt  that  the  larger  gas  engines  would  have  been  inurli 
more  generally  adopted  for  the  production  of  large  powers 
than  has  be-en  the  case'.  The  figures  for  gas  engines  as  regards 
reliability  have  been  divided  into  two  sections,  one  up  to  1  lin. 
diam.  and  the  other  froni  15ia.  to  24in.  diarn.  of  cylinder. 
The  figures  include  various  designs  of  engines,  but  the  great 
majoritv  of  them  were  of  the  ordinarv  type  used  in  the  United 
Kingdom,  namely,  the  horizontal  Otto-cvcle  tyj^,  usuallv 
having  high  re<'iprocating  speed,  close  fitting  piston  which  ； i<-ts 
as  a  cross  head  ；  piston  not  water  cooled.  Other  tvpes  also 
enter  into  the  figures  but  the  above  type  is  predominant. 

Large  gas  engines  of  the  horizontal  slow  running  type,  of 
say  1,000  to  3,000  i.h.p.,  are  not  included  in  these  figures,  t lie 
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author  not  having  any  statistics  relating  to  tliis  class  of 
fit^iiie.  When  large  gas  engines  of  this  class  were  first  intro- 
duced, breakdowns  of  them  were  frequent  and  the  reliability 
was  law,  but  in  recent  years  it  is  claimed  that  the  running 
difficulties  have,  to  a  great  extent,  been  overcome,  and  that 
particularly  with  blastfurnace  gas  the  large  gas  engine  is  a 
highly  reliable  prime  mover.  Tlie  capital  costs  of  these' large 
engines  have  been  high,  and  to  meet  this  objection  there  has 
been  a  tendency  on  the  part  of  many  English  firms  to  adopt 
quick  running,  vertical  engines  for  power  up  to  1,000  i.h.p., 
these  vertical  engines  having  single  cylinders  or  tandem 
cylinders  on  eacli  line.  These  engines  can  be  provided  for  a 
given  power  at  a  much  lower  capital  cost  than  a  large  slow 
running  horizontal  gas  engine. 

The  reliability  figures  for  the  gas  engines  up  to  14in. 
diani  are  highly  satisfactory,  but  those  for  eas  engines  from 
] r>in  cylinder  diameter  to  24 in.  cylinder  diameter  show  that 
from  this  point  of  view  these  gas  engines  fall  considerably 
below  the  standard  of  the  steam  engine  in  respect  of  reliability, 
there  being  2*82  times  as  many  breakdowns;  the  breakdowns 
multiplied  by  the'  cost  being  three  timesi  as  much  as  that  of 
steam  engines.  Had  the'  large  gas  engine  in  this  country 
worked  with  producer  gas  reached  thei  same  degree  of 
reliability  as  the  steam  engine,  there  is  no  doubt  that  it  would 
have  replaced  thei  latter  to  a  much  greater  degree  than  has 
actually  been  the  case. 

One  reason  for  the  low  degree  of  reliability  in  thei  case'  of 
large  horizontal  gas  engines  of  the  ordinary  type  is  to  be 
found  in  the  design  of  these  engines,  which  is  a  reproduction 
on  a  larger  scale  of  the  design  originally  adopted  for  gas 
engines  of  a  much  smaller  size.  In  gas  engines  of  small  size, 
say  8in.  bo  12in.  diani . ,  the  piston  serves  not  only  as  the 
piston  but  also  as  the  crosshead  and  slide.  This  duplication 
of  functions  considerably  cheapens  the'  construction  of  the 
engine,  as  compared  with  what  the  cost  would  be  if  there  were 
a  crosshead  and  a  slide  separately,  as  in  a  horizontal  steam 
engine.  This  arrangement  has  served  quite  satisfactorily  with 
the  smaller  engines.  When,  however,  adopted  as  at  present 
in  the  large  engines  of  British  design ,  the  duplication  of 
function  on  the  part  of  the  piston  is  not  so'  satisfactory.  In 
order  to  avoid  knocking  of  the  piston,  the  clearance  between 
the  piston  and  the  cylinder  is  very  small,  and  consequently 
material  overheating  of  the:  piston  is  liable  to  cause  sticking ― 
in  which  case  the  connecting  rod  bolts  are  liable  to  be 
wrenched  off  or  other  damage  caused. 

The  failures  of  these  large,  quick  running  engines  include 
many  cases  of  breakage  of  connecting  rod  bolts  where  the 
connecting  rod  is  of  the  marine  type.  It  is  interesting  to  not^ 
that  while  steam  engine'  breakdowns  can  commonly  be 
followed  up  so  as  to  determine  the  cause,  in  these-  gas-engine 
breakdowns  the  origin  of  the  accident  is  often  left  obscure.  In 
the  ordinary  quick  running,  Otto-cycle  gas  engine,  the  only 
tensile  stress  on  the  bolts  of  the  connecting  rod  in  the  ordinary 
way  ought  to  be  the  tension  caused  by  the  acceleration  of  the 
piston  on  the  return  stroke.  Considerations  of  this  kind, 
however,  would  not  account  for  the  rem  ark  ably  sudden 
smashes  of  connecting  rod  bolts  which  take  place,  and  this  on 
the  whole  would  tend  to  indicate  that  many  of  these 
smashes  are  due  to  the  piston  momentarily  seizing.  When 
such  a  smash  has  taken  place,  the  connecting  rod  may  or  may 
not  be  whirled  round  by  the  crank  ；  in  case'  of  suitable 
renditions  prevailing  it  may  result  in  jamming  and  fracture 
of  the  pin,  the  bending  or  fracture  of  the  shaft,  and 
practically  the  wrecking  of  the  engine.  Evidently,  improve- 
ments in  tliese  particular  directions  may  be  sought  for  along 
the  lines  of  larger  piston  clearances,  possibly  combined  with 
water  cooling,  external  crosshead  and  better  type-  of  con- 
necting rod,  lower  load  rating  and  lower  speed.  Such 
alterations  would  involve  a  somewhat  considerable  change  in 
design  of  this  particular  class  of  engine,  and  of  course  would 
increase  the  first  cost  of  the  engine'  for  a  particular  power. 

Breakdowns  of  the  larger  sizes  of  ordinary  gas  engines  in 
this  country  frequently  originate  in  the  attempt  made  to  run 
these  machines  for  long  periods,  such  as  day  and  night  running 
for  one  or  more  weeks  without  a  stop.  Under  conditions  of 
this  kind  parts  of  the  engine  are  likely  to  get  out  of  adjust- 
ment and  thus  lead  to  a  smash.  For  instance,  as  is  well 
known,  the  connecting  rod  bolt  may  become  a  little  loose,  and 
being  allowed  to  go  on  working  for  several  hours  or  days  the 
looseness  increases,  throwing  streps  on    tlie   other   bolt  and 


finally  resulting  in  the  breakdown  of  one  or  other  of  them,  or 
in  the  wrecking  of  the  engine.  Experience  would  appear  to 
indicate  that  the  ordinary,  quick  running  gas  engine  has  not 
yet  reached  such  a  position  of  reliability  as  to  be  able  to  run 
safely  without  attention  for  periods  of  seven  days  or  more. 
The  loading  of  the  engine  is  a  vital  question  as  regards  the 
reliability  of  all  kinds  of  internal-combustion  engines.  Heavy 
loading  tends  to  breakdown.  With  ea-sy  loading  a  mucli 
higlier  degree  of  reliability  may  be  attained. 

When  this  paper  was  written  tlie  fuel  costs  of  the  Diesel 
engine,  as  shown  on  Table  II. ，  were  materially  above  those  of 
other  types  of  power  referred  to,  with  the  exception  of  gas 
engines  from  town's  gas.  With  a  lower  price  of  oil,  however, 
the  economic  considerations  from  this  point  of  view  would  be 
very  different,  and  there  is  no  doubt  that  this  particular 
form  of  engine,  being  self-contained  and  requiring  no  gas 
producer,  has  low  stand-by  losses  and  is  very  convenient  in 
many  instances.  It  has  not  long  been  in  use  as  a  prime  mover 
on  land  in  this  country,  and  the  figures  cover  only  a  limited 
field,  but  the  statistics  available  to  the  author  would  indicate 
that,  as  shown  on  Table  III"  the  engines  of  this  type  have 
three  times  as  many  breakdowns  as  steam  engines,  and  break- 
downs multiplied  by  cost  about  3  75  times  as  high  as  steam 
engines.  The  failures  include  such  things  as  fractures  of 
cylinders,  cracking  of  cylinder  heads,  fractures  of  connecting 
rod  bolts,  fractures  of  crank  shafts  and  the  like.  It  has  to  be 
recognised  that  although  the  engine  is  a  highly  efficient 
thermo  dynamic  machine,  it  is  a  machine  of  complexity  and 
great  delicacy,  and  requires  a  high  degree  of  efficiency  in 
supervision,  driving,  and  maintenance.  Any  relaxation  of 
attention  greatly  increases  the  risk  of  failure,  also  such 
conditions  as  bad  water  (leading  to  deposit  in  the  cylinder 
heads  and  jackets)  increase  the  liability  to  cracking  of  these 
parts,  while  the  pistons ― not  being  water  cooled ― are  liable, 
under  unfavourable  conditions,  to  overheating  and  seizing, 
which  may  or  may  not  be  fallowed  by  a  general  smash. 

As  regards  the  multi-cylinder,  vertical  engines  either  of 
the  Diesel  oil  engine  type  or  gas  engines  of  similar  con- 
struction, it.  is  to  be'  observed  that,  it  is  possible  that  one 
cylinder  may  be  inclined  to  stop  from  seizure  of  the  piston 
or  sticking,  but  the  other  cylinders  may  continue  to  operate 
in  a  normal  way,  resulting  in  thei  crank  shaft  dragging  the 
piston  of  the  disabled  cylinder  round  until  either  the  engine 
pulls  up  or  breaks  down .  On  the  whole,  experience  with 
Diesel  engines  has  resulted  in  a  wide  appreciation  of  their 
advantages,  but  has  also  been  accompanied  by  a  realisation 
of  greater  relative  possibilities  in  the  way  of  breakdown  and 
accident  than  are  present  in  the  running  of  tlie  normal 
steam  engine. 

Mechanical  breakdowns  in  moving  engines  and  similar 
machines  vary,  of  course,  in  their  nature  from  the  mere 
fracture  of  a  very  small  part ~ such  as  an  unimportant  bolt 
― to  a  complete  breakdown,  involving  in  some  cases  the 
complete  wrecking  of  the  machine.  Generally,  the  greater 
size  of  the  engine  means  heavier  moving  parts  which  are  more 
expensive  to  replace.  Higher  sp&ed  means  increased  stored 
energy  in  the  moving  machine  or  engine.  Large  engines  have 
necessarily  proportionately  more  stored  energy  which,  in  a 
case  of  serious  breakdown,  is  generally  dissipated  in 
destroying  and  in  breaking  up  the  machine. 

Broadly,  it  may  be  said  that  large  clearances  make  for 
safety.  In  steam  engines,  for  instance,  small  clearances  in 
the  cylinder  may  easily  be  fouled  by  loose  parts  or  filled  with 
water  from  the  condenser  or  from  other  sources,  leading  to 
breakdown.  In  turbines,  small  clearances  lead  to  fouling  in 
the  expansion  of  the  blade  ends,  reacting  again  by  the  friction 
of  the  rubbing  blades,  overheating  the  blades  causing  them  to 
expand  still  more,  culminating  in  the  fusion  of  some  of  the 
blade  ends,  breaking  off  one  or  two'  and  stripping  of  a  number 
of  rows.  In  gas  engines  and  the  like',  small  clearances  of  the 
piston  in  the  cylinder  increase,  the  liability  to  sticking  of  the 
piston ,  and  such  momentary  sticking  might  be  followed  by 
breakage  of  the  connecting  rod  bolt  and  wrecking  of  the 
engine.  A  similar  sequence  of  operations  also  takes  place  in 
Diesel  engines,  and  in  all  cases  the  restriction  of  tlie 
clearances,  which  may  be  in  the  interests  of  economy  of  fuel, 
would  appear  to  be  against  reliability  as  regards  freedom  from 
breakdown. 

In  the  design  of  steam  engines  for  textile  mill  purposes, 
long  experience  and  old  traditions,  together  with  the  i】"，uence 
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of  tlie  insurance  companies  (i)<)ssil)ly  the  l;""'r  l"'m 乂  an 
important  factor),  have  resulted  in  the  adoption  of  a  slow 
moving  (Migitie  equipped  with  t  lit'  necessary  precautionary 
devices  to  reduce  tlxn  risk  of  breakdown  to  the  lowest  |")ssil 山' 
point.  Tn  the  onlinary  way,  tluM^iore,  an  ^n^iiir  having  a 
hio-h  de^r^e  of  relial)ility  is  a<lo|)t  -d.  Iti  inttTiml  <-oni bust  ion 
engines,  on  the  oilier  haiu),  the  tr;ulitions  of  I  lie  ma  imt'actm'c 
are  not  as  well  established  as  in  the  case  of  steain  engiiu-s  ； 
the  influeiicei  of  the  insurance  companies  on  tlie  of  t  lie 

engine  lias  been  so  far  much  less  than  in  the  case'  of  stcani 
engines,  and  it  is  possibly  largely  due  to  these  factors  that, 
the  figures  given  for  the  reliability  of  gas  en^iiM's  ami  otlier 
interiial-combustion  engines  fall  considerably  l)elow  the 
standard  attained  by  the  regular  steam  tMigine.  Gas  ^n^incs, 
in  t  his  ('ounti'y,  in  fact,  liave  l)een  largely  influenoed  in  tlieir 
design  ))y  comnierrial  and  selling  considerations  rather  ilian 
by  consiileiations  a (Tectin^  their  loliahility  so  far  as  freedom 
from  l)ieakdowii  is  conceTned.  The  general  results  of  Hie 
selling  considerations  tend  to  the  adoption  of  a  lii^h-sju'ed 
tn;u'lihie,  luoiily  rated  for  its  size',  and  free  from  expensive 
complications1,  such  as  water  cooling. 

The  foregoing  characteristics  which  have  been  outlined  in 
ref&reuce'  to  thei  principal  ])rinie  movers  at  present  in 
operation  do  not  exhaust  the  factors  wliirli  liav?  to  be  taken 
into  account  in  the  choice'  of  power  for  ea<-li  individual  case. 
Tlie  particulars  given  indicate'  the  result  cf  experience  in  the 
two'  general  directions  of  economy  of  fuel  and  reliability  of 
running.  Economy  of  fuel  】nay  in  one  case  be  more  important 
than  in  another,  according  to  situation  and  facilities.  Where 
fuel  is  very  costly,  it  is,  of  course,  worth  while  to  adopt  greater 
refinements  in  the  way  of  econoniies  in  tlie  power  equipment 
than  is  the  case,  where  fuel  is  at  a  low  pries.  The  capital  cost 
enters  largely  into  the  question,  and  mere  economy  in  fuel 
may  cost  so  much  more  in  original  capital  outlay  that  the 
interest  and  depreciation  on  the  capital  will  outweigh  the 
savings  of  the  fuel  costs.  The  questions  of  reliability  of  ('on- 
tinuous  running,  regularity  of  running,  and  the  like  also 
become  of  importance  according  to  the  nature  of  the  case, 
and  the  decision  as  to  the  most  suitable  power  for  any 
particular  installation  must  depend  upon  full  consideration  of 
t  he  nature,  and  effect  of  the  whole  of  the.  factors. 


REVERSING  MOTOR  DRIVES  AND  AUTOMATIC  CONTROL 
FOR  MACHINE  TOOLS. ; 

BY  GEORGE  AV.  CRAVENS. 

Among  the  many  important  changes  in  shop  practice  due  to 
the  widespread  application  of  electric  motors  there  is 
probably  none  of  greater  importance  than  those  due  to  the 
application  of  automatic  reversing  motor  drives  to  planers, 
shapers,  slotters,  &c.  While  tho  great  saving  in  power  and 
the  increased  production  due  to  this  practice  is  appreciated, 
it  is  doubtful  if  the  true  importance  of  it  is  fully  realised. 
Usually,  the  saving  in  transmission  losses  is  the  only  thing 
considered,  and,  even  though  this  may  be  50  or  60  per  cent, 
of  the  total  power  required,  it  is  often  only  a  small  part  of 
the  real  saving.  The  principal  gain  is  in  the  increased  pro- 
duction and  decreased  cost.  The  most  efficient  tool  is  the 
one  which  will  do  the  most  work  in  a  given  time  without 
straining  either  the  tool  or  the  work  :  do  it  accurately  and  at 
the  lowest  cost  for  power  and  maintenance^  and  with  the  least 
loss  of  time  between  cutting  operations.  With  tools  that 
perform  their  work  with  a  rotary  motion  of  either  the  cutting 
tool  or  the  work,  such  as  lathes,  boring  mill?,  and  drills,  it  is 
possible  to  make  the  tool  work  100  per  cent,  of  the  time  it  is 
running,  but  with  tools  that  operate  with  a  reciprocating 
motion  of  either  the  cutting  tool  or  the  work,  such  as  planers, 
shapers,  and  slotters,  a  portion  of  the  time  is  lost  when  re- 
turning between  cutting  strokes.  So  the  relation  of  cutting 
stroke  and  return  stroke  has  an  important  influence  on  the 
amount  of  work  that  may  be  done  in  a  given  time. 

With  the  direct-coupled  automatic  reverse  drive  the  cut- 
ting and  returning  speeds  are  controlled  independently,  so 
it  is  possible  to  make  the  ratio  between  return  and  cutting 
speeds  anything  that  may  be  desired,  up  to  tlie  practical 

*  Abstkfcfct  of  paper  presented  before  tlie  American  Association  of  KaiUvny 
Electrical  Engiueers. 


limit.  The  speeds  commonly  employed  for  planing  range 
from  fjOI't.  to  lOOt't.  per  ininute  for  the  return  stroke  and 
from  25ft.  to  5()ft.  per  minute  for  the  cutting  strok*-,  tlie 
speeds  depending  upon  the  nature  of  the  work.  From  this 
it  will  be  seen  tliat  the  ratio  between  tlie  return  and  (  iitting 
speeds  will  be  2  to  1，  and  motors  giving  tliis  ratio  are  easily 
obtained.  But  if  a  ratio  of  3  to  1  is  obtained  there  will  be 
a  gain  of  12  5  per  ('("it.  in  tiinc  rf'(!i"r('(l  to  do  a  ^ivon  anirjiint 
of  work,  while  with  a  ratio  ol'  4  to  1  the  gain  will  \>c  2"  per 
cent.  We  find,  however,  that  the  latter  is  hard  to  obtain 
unless  the  planer  is  made  heavy  enoii^li  to  stand  tlii、 
on  account  of  the  shock  produced  in  accelerating  and  stop- 
ping the  platen  or  fable  when  the  speed  exceeds  100ft.  per 
niinute.  In  order  to  reduce  tlie  cutting  time  to  a  miiiiniuni 
it  is  necessary  to  maintain  as  lii^li  ； i  rutting  speed  a-  |»o-- 
sihle  without  injury  to  the  work  or  to  the  tool,  so  the  nature 
of  the  work  must  he  tak^n  into  account .  It.  tlie  piece  is 
small  or  sets  low  on  the  platen  the  speeds  of  both  cut  and 
return  may  be  greater  than  if  the  piece  is  heavy  or  sets  liigli 
above  the  platen.  The  weight  of  the  platen  itself  mu-t  al-o 
be  taken  into  account. 

The  reason  a  direct-coupled  reversing  planer  drive  i、 、（> 
effective  is  that  there  is  no  power  wasted  in  intermediate 
belts,  pulleys,  or  shafts,  and  there  is  no  slippage.  Sin^*-  the 
power  necessary  to  operate  a  planer  or  any  other  tool  is  the 
sum  of  tlie  power  required  to  do  the  work  and  the  power  used 
to  overcome  tlie  friction  and  other  losses  in  the  driving 
mechanism,  it  is  evident  tliat,  for  a  given  job,  a  conipari-on 
of  the  no-load  powers  will  show  the  difference  between  any 
two  systems  of  drives.  We  find  by  a 】ai'ge  number  of  com- 
parisons that  the  saving  made  bv  usi»i^  direct-coupled  motors 
averages  over  40  \yev  cent.  With  a  direct-coupled  motor 
using  dynamic  hi'aking,  the  most  common  method,  the  cur- 
rent used  on  reversals  is  less  than  with  tlie  shifting  belt 
method  because  enough  must  be  taken  from  the  line,  in  tlie 
latter  case,  to  stop  tlie  planer  in  addition  to  that  required 
to  start  it  and  run  it.  With  dynamic  braking  it  is  only 
necessary  to  use  energy  enough  to  start  and  run  the  planer, 
tlie  energy  developed  in  stopping  the  planer  being  absorbed 
in  the  motor  armature  and  the  resistances. 

The  cost  of  maintenance,  where  belts  are  used,  must  in- 
clude the  labour  and  material  for  repairing  and  replacing 
belts  ；  labour  and  material  for  pulley,  countershaft,  and  bear- 
ing repairs  ；  value  of  time  lost  while  making  repairs,  if  any  ; 
cost  of  general  maintenance,  oiling  bearings,  tigl.tenin^  helts， 
&c"  and  maintenance  of  motor  and  its  controlling  apparatus. 
When  direct-coupled  reversing  motors  are  used  the  only  item 
to  consider  is  motor  and  control  maintenance.  No  accurate 
general  figures  could  be  obtained  as  to  the  time  lost  in  pro- 
duction due  to  the  use  of  belts,  because  the  labour  neces- 
sary to  repair  and  replace  belts  varies  so  in  different  shops, 
but  we  know  the  productiveness  of  the  tools  is  increased 
wlien  reversing  motors  are  applied  because  there  is  no  belt 
slippage  ；  no  rty wheel  effect  or  inertia  of  pulleys  to  overcome  ； 
the  cutting  speed  is  adjustable  to  suit  materials  and  cuts  ； 
the  return  speed  can  be  adjusted  to  suit  the  work  ；  no  belts 
or  countershafts  are  to  be  repaired  ；  and  a  large  amount  of 
time  is  saved  when  setting  up  the  work  because  the  platen 
may  be  "loved  any  required  amount  at  will. 

We  have  also  found  that  vvliere  direct-coupled  automatic 
reversinc-  variable-speed  motors  have  been  installed  on 
planers  formerly  equipped  with  belt  d rive  the  increased 
production  averages  33  per  cent.  This  means  that  if  a  shop 
has  three  planers  and  is  so  busy  as  to  require  a  fourth  one, 
the  floor  space  and  operating  expense  of  the  fourth  can  be 
saved  by  equipping  the  three  existing  ones  with  automatic 
reversing  motors  and  controllers.  The  cost  of  three  such 
equipments  of  metliuin  or  large  size,  for  corresponding 
planers,  will  be  about  one-half  that  of  the  fourth  planer, 
thus  adding  to  the  sum  saved  by  the  change.  The  various 
makers  have  worked  out  variations  in  the  details  of  their 
equipments,  l>ut  all  follow  the  same  finidamentals  ；  that  is, 
the  motor  must  accelerate,  stop  and  start  in  the  reverse 
direction,  and  the  speed  must  be  adjustable.  The  planer 
must  also  be  protected  in  case  of  trouble  on  the  power  cir- 
cuit, for  if  the  voltage  should  go  off  while  the  machine  is 
running  the  platen  mi^ht.  run  off  the  bed  unless  the  motor 
stopped  and  held  it.    The  essential  part^  of  all  control  sys- 
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terns  are  three  in  number ― a  contactor  panel,  a  master 
switch,  and  a  resistance. 

If  it  is  true  that  one  of  the  most  important  advantages 
of  motor  drive  is  increased  output,  it  is  equally  true  that 
motor  control  is  also  important,  for  it  is  only  tlirough  j) roper 
control  that  increased  output  can  be  obtained.  So  long  as 
a  motor  is  no  more  than  a  driving  element  it  is  but  very 
little  better  than  a  belt  from  a  line  i^haft,  but  wlien  that 
motor  is  made  to  vary  in  its  action  as  required  it  then  be- 
comes a  really  valuable  adjunct  to  any  machine  tool.  Nearly 
all  of  the  power-consuming  work  done  in  machine  shops  con- 
sists in  removing  metals  in  the  form  of  chips.  That  is,  the 
output  of  any  machine  is  generally  measured  in  terms  of  tlie 
amount  of  metal  it  can  remove  in  a  given  time.  Hence, 
anything  which  will  help  a  machine  remove  more  metal  in  a 
day  is  a  decided  and  very  valuable  improvement.  It  has 
been  estimated  that  an  increase  of  but  5  per  cent,  in  the  out- 
put of  the  average  machine  tool  will  increase  the  earnings 
enough  to  pay  back  the  cost  of  applying  the  motor  drive 
and  control  inside  of  two  years.  When  the  control  of  that 
machine  is  made  as  nearly  automatic  as  possible,  the  gain  is 
still  greater. 

A  machine  gives  maximum  output  when  worked  at  the 
highest  economical  speed  and  when  operated  on  productive 
work  the  maximum  amount  of  time.  Plenty  of  power  must 
be  supplied  to  and  at  the  cutting  tool，  and  the  speed  must 
be  variable  over  a  wide  range  if  the  machine  is  to  work  at 
its  highest  economical  speed  at  all  times.  Proper  control  and 
large  motors  are  necessary  to  this  end.  It  is  along  the  line 
of  adopting  automatic  control  for  machine-tool  motors  that 
a  very  large  part  of  the  advance  in  shop  practice  will  pro- 
ceed. Shunt-wound,  adjustable-speed  direct-current  motors, 
or  alternating-current  motors  of  essentially  those  characteris- 
tics, are  used  for  most  machine  tools,  but  they  require  suit- 
able controlling  apparatus  before  they  are  really  satisfactory. 

Automatic  control  of  a  motor  provides  the  limiting  of  the 
starting,  stopping,  or  reversing  current  to  a  predetermined 
value  ；  starts,  stops,  or  reverses  the  motor  in  the  proper 
amount  of  time,  protects  the  motor  from  grounds,  short 
circuits,  and  commutator  troubles,  and  limits  the  torque  in 
the  motor  and  in  the  machine  it  drives.  Automatic  control 
not  only  relieves  the  operator  from  the  physical  acts  of 
starting,  stopping,  and  reversing  his  motor,  but  also  relieves 
him  from  the  mental  exertion  necessary  to  the  proper  regu- 
lation of  a  motor  by  a  hand  controller.  He  will  seldom  turn 
the  handle  at  just  the  right  speed,  whereas  the  automatic 
controller  gives  hitn  the  fastest  safe  control  and  leavos  liim 
entirely  free  in  mind  and  body  for  his  part  of  the  voi  !c.  In 
general,  any  system  of  automatic  control,  to  be  satisfactory, 
should  provide  for  ：  (1)  The  motor  must  start  from  rest  and 
jitiain  the  speed  corresponding  to  the  setting  of  the  field 
rheostat  in  tlie  shortest  safe  time  and  with  the  current  lield 
within  safe  limits  ；  (2)  the  motor  must  be  reversed  in  the 
same  manner  and  with  the  same  automatic  protection  •、  and 
(3)  the  motor  should  be  stopped  by  dynamic  braking  or 
any  other  similar  and  suitable  method.  Preferably  this 
should  be  accomplished  by  nieans  of  pusli-button  control 
when  required. 

Automatic  control  has  been  satisfactorily  applied  to 
machines  with  heavy  inertia  loads,  such  as  punch  presses, 
shears,  bulldozers,  forging  and  upsetting  machines  and  others 
with  heavy  flywheels  for  both  starting  and  stopping  them. 
In  place  of  clutches  for  connecting  and  disconnecting  the 
motor  and  machine,  the  automatic  controller  allows  of  start- 
ing the  motor  quickly  and  safely  and  stops  it  by  means  of 
dynamic  braking  in  the  minimum  of  time.  This  type  of 
control  has  also  been  applied  to  shapers,  slotters,  and  planers 
to  good  advantage. 


Electric  Traction  on  the  Midland  Lines. ― The  Directors  of 
the  Midland  Railway  Company  have,  we  understand,  decided 
to  adopt  electric  traction  on  its  lines  from  St.  Pancras  to 
Henclon.  This  company  has  already  made  a  successful  experi- 
ment with  electrical  working  between  Morecambe  and 
Hey  sham.  The  company  is  also  working  the  Burton  and 
Ashby  Light-(Electric)  Railway,  and  it  is  intended  to  electrify 
thf>  London,  Tilbury  and  Southend  line,  which  was  recent] v 
a'  (|  nired  by  the  Midland. 


THE  MEASUREMENT  OF  STRESSES  IN  MATERIALS  AND 
STRUCTURES, 

BY  PROF.  E.  G.  COKER,  M.A.,  D.SC. 

(Concluded  from  page  133.) 

It  has  already  been  noted  that  the  thermal  effect  of  stress 
in  an  elastic  material  is  proportional  to  the  sum  of  the 
principal  stresses  at  a  point,  and  it  is  possible  that  this  may 
be  of  service  for  sortie  cases  where  each  principal  stress  is 
required,  especially  as  it  is  directly  applicable  to  metals  as 
well  as  transparent  bodies,  but  the  corrections  required  are 
not  small  and  the  measurements  are  difficult.  It  is  there- 
fore more  convenient,  in  general ,  to  measure  the  sums  of  the 
principal  stresses  by  observing  the  changes  of  thickness  of 
the  plate.  It  is  easy  to  show,  for  a  plate  of  elastic  material 
subjected  to  stresses  in  its  own  plane,  that  the  change  of 
thickness  is  equal  to  the  sum  of  the  principal  stresses  across 
the  section  multiplied  by  certain  easily  determined  physical 
constants.  We  have  therefore  a  means  of  determining  this 
sum,  if  we  can  measure  these  lateral  changes  with  sufficient 
accuracy.  A  convenient  form  of  extensometerf  has  been 
devised  for  this  purpose  capable  of  measuring  changes  of 
thickness  of  half-a- millionth  of  an  inch  in  a  plate  \\\\,  thick, 
and    in   this   way  the  sum  of  the  principal  stresses  can 
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Fig.  3-2. 

determined  witli  sufficient  accuracy  for  the  same  points  of  a 
plate  for  which  the  values  of  their  difference  are  obtained 
by  tlie  optical  measurements  described  above.  One  form  of 
this  lateral  extensometer,  which  has  been  devised  for  obtain- 
ing the  mean  sum  p  —  q  of  the  principal  stresses  across  the 
thickness  of  a  plate,  is  shown  in  elevation  and  plan  in  Fig.  32. 
In  this  arrangement  a  frame  C  carries  a  calibrating  screw  CS, 
the  point  of  which  bears  against  the  plate  of  transparent 
material,  and  is  immediately  opposite  a  second  point  P，  the 
inner  end  of  which  is  lightly  pressed  against  tlie  plate  by  a 
spring,  while  the  outer  end  presses  against  the  short  arm  of 
a  pivoted  lever  L  controlling  the  angular  position  of  the 
lever  A  of  a  pivoted  mirror  M.  Any  change  which  takes 
place  in  the  th'ckness  of  the  specimen  between  the  measuring 
points  causes  a  rotation  of  the  mirror,  and  this  change  can 
be  measured  by  observing  the  movement  of  a  spot  of  light 
which  is  reflected  from  the  mirror.  The  observations  can  be 
calibrated  by  the  standard  screw  CS,  which  is  provided  with 
a  graduated  head  L  for  this  purpose. 

It  will  be  noticed  that  the  measuring  points  simply  bear 
against  tlie  face  of  the  bar,  and  do  not  penetrate  it,  so  that 
the  length  over  which  a  measurement  is  made  is  not  altered 
by  the  action  of  the  measuring  points  penetrating  the 
material.      The  whole  of  the  measuring  apparatus  is,  more- 

*  Cantor  lectures  delivered  before  the  Royal  Society  of  Arts,  December,  1913， 
and  reproduced  frotn  the  .Touvn  al  of  the  Society. 

卞" 个 he  Distribution  of  Stress  due  to  a  Rivet  in  a  Plate,"  by  E.  G.  Cokev  and 
W,  A,  ScoMe,    "  Transactions,"  Inst,  Architects,  1913, 
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over,  supported  on  a  pair  of  light  steel  springs  S  attached 
to  a  clip,  secured  to  the  specimen,  so  tliat  errors  caused  by 
the  weiglit  of  t he  instrument  on  the  measuring  points  are 
also  avoided.  We  have  therefore  at  our  disposal  purely 
experimental  means  of  detenniniii^  the  direct  ions  of  prin- 
cipal si ross  ； it  a  point  in  a  plat?,  and  mIso  Hie  ma"niitu<"?  of 
their  sum  and  difTcrenc?  for  1  \\v  s;im。  point ,  when  taken  ； is 
averages  over  the  thick ml"s  of  a  ph"'1.     This  intorniation  is 


i-io.  r.  Kig.  6i. 


sufficient  to  determine  the  stress  distribution  completely. 
For  optical  investigations  on  models  of  engineering  interest 
it  is  of  importance  to  use  a  transparent  substance  which 
possesses  marked  doubly  refracting  properties  under  load, 
combined  with  ability  to  resist  severe  stresses  without  causing 
injury  to  its  optical  properties. 

Glass  is,  in  general,  too  fragile  for  this  purpose,  and  the 
cost  of  making  models  of  the  required  shapes  is  too  great  for 
it  to  be  used  with  advantage.  These  difficulties  are  over- 
come by  the  use  of  one  of  the  nitro-cellulose  compounds  now 
available.  These  materials  approach  glass  in  the  perfection 
of  their  optical  properties,  and  are  very  much  superior  in 
ductility,  while  the  cost  of  fashioning  the  material  into 
complicated  shapes  is  only  a  small  fraction  of  the  cost  of 
specimens  made  of  glass. 

An  interesting  problem  of  stress  distribution,  examined 
by  th 6  aid  of  xylonite  models,  occurs  in  the  testing  of  the 
tensile  properties  of  cements.  As  is  well  known,  rules  exist 
in  most  countries  which  prescribe  the  form  of  a  cement  ten- 
sion member  so  that  tests  made  on  different  samples  of 
cements  can  be  compared,  but  unfortunately  there  is  no 
general  agreement,  and  the  standard  briquettes  of  continental 
Europe,  America,  and  England  differ  very  appreciably  in 
form,  and  have,  in  fact,  no  common  basis  for  the  comparison 
of  the  results  of  tests.  If,  for  example,  we  take  a  model  of 
a  briquette  of  the  standard  form  prescribed  in  British  speci- 
fications for  the  testing  of  cement,  and  subject-  it  to  load,  the 
stress  distribution  can  be  completely  determined  by  the 
methods  described.  Experiment  shows  that  the  stresses  act- 
ing perpendicularly  across  the  minimum  section  of  the 
briquette  are  accompanied  by  stresses  in  the  plane  of  the 
section,  which  vanish  at  the  outer  end,  and  are  probably 
never  very  great  at  any  point.  We  may,  for  an  approximate 
comparison,  neglect  this  minor  principal  stress  everywhere, 
and  it  is  clearly  zero  at  the  outer  edges  of  the  section  where 
the  stress  is  most  intense. 

Fig.  33  shows  the  difference  of  the  principal  stresses  at 
the  cross-section  of  a  model  of  a  standard  British  cement, 
briquette,  and  measurements*  show  that  the  maximum 
stresses  occur  at  the  ends  of  the  cross-section,  and  are  approxi- 
mately 1^  times  the  mean  average  value  of  the  stress. 
Similar  ineasurenients  sliow  that  the  maximum  stress  for  the 
American  form  is  about  1*7  times  the  mean  value,  while  for 
the  continental  form  the  ratio  rises  to  as  much  as  1*95  to  1. 
It  would  no  doubt  be  more  satisfactory  if  the  stresses  rould 
be  actually  determined  in  the  cement  itself,  but  this  direct 
determination  presents  very  great  difficulties.  A  more 
accurate  representation  of  the  real  state  of  stress  in  a  cement- 
briquette-  might  possibly  be  obtained  by  using  glass  models, 
since  the  brittle  nature  of  this  material  is  more  akin  to  that 
of  cement  than  the  ductile  celluloid  used  here.    It  is,  how- 

* '*  The  Distribution  of  Stress  at  the  Minimum  Section  of  a  l\-nu-nt  Hri-nH-Uf. " 
by  b.  G.  Coker.    Iutei'uatioual  Associatiou  for  Testing  MaL^riaN,  New  York  Con- 


ever,  very  probable  that  the  elastic  distribut ion  in  glass 
would  not-  prove  vvvy  difTerent  from  that  in  rclluloiH,  but 
would  remain  persistent  up  to  fracture,  so  tiiat  tin-  |'r'  nt 
results  may  not  be  very  far  from  representing  comparatively 
the  stress  distribution  at  the  section  examined.  A  general 
survey  of  the  distribution  of  stress  throughout  the  hri"u'  ，t<' 
has  so  far  not  been  attempted,  hut  tlie  colour  efT (！ ct»  produced 
in  a  model  showed  the  stress  difference  effects  directly,  and 
it  was  evident  tliat  there  were  also  very  severe  stress*  ^  at 
sections  in  the  neighbourhood  of  the  grips.  It  is,  in  fact ,  not 
unusual  for  briquettes  to  fracture  here  instead  of  at  t  lit* 
miiiimur"  section. 

For  the  examination  of  models  of  engineering  structures 
it  is  very  convenient,  and  sometimes  necessary,  to  view  tl"— ' 
whole  of  the  model  at  one  time,  and  the  restricted  view  which 
can  be  obtained  in  the  polariscopes  obtainable  from  makers 
of  optical  instruments  only  allows  very  small  models  to  be 
used.  In  order  to  remove  tliis  serious  objection  several  large 
polariscopes  have  been  designed  and  constructed,  and  cross- 
sectional  views  of  two  of  tliesc  arc  shown  (Figs.  34  and  35), 
of  which  the  former  has  a  field  of  view  of  about  1  sq.  ft.  and 
the  latter  40in.  by  10in.,  and  especially  adapted  for  long 
models  of  girders,  roofs,  and  the  like.  Tlie  essential  features 
are  the  same  in  both  cases,  and  consist  of  a  bank  of  lamps  A, 
the  light  from  which  passes  through  diffusing  screens  of 
tissue  paper  B  before  reflection  from  a  black  glass  surface  ('. 
The  reflected  and  polarised  beams  then  pass  through  a 
quarter-wave  plate  D  of  mica,  whereby  they  become  circularly 
polarised  for  passage  through  the  object.  The  emergent  ray's 
are  again  changed  to  a  plane-polarised  state  by  the  action 
of  a  second  quarter-wave  plate  E,  and  finally  pass  through 
the  analyser  F,  which  may  take  the  form  of  a  Nicol's  prism 
as  in  the  first  figure,  or  a  bundle  of  clear  glass  plates,  as  in 
Fig.  35.  Both  these  examples  are  very  suitable  for  labora- 
tory work,  and  other  modifications  have  also  been  used  which 
have  been  found  more  suitable  for  certain  cases,  but  these 
latter  involve  no  change  of  fundamental  importance. 

The  complete  experimental  solution  of  the  stress  dis- 
tribution in  a  body  may  be  illustrated  by  the  case  of  the 
action  of  a  rivet  near  the  edge  of  a  plate  of  a  rivet  joint. 
In  this  problem  we  can  no  longer  neglect  either  prin'  ip;,! 
stress,  and  it  is  in  general  necessary  to  determine  both  their 
directions  and  magnitudes.  躧 the  uniform  tension  stress  in 
the  full  section  of  a  plate  is  represented  by  equally  spaced 
lines  in  the  direction  of  stress,  we  may  expect  to  find  altera- 
tions in  their  directions  and  distances  apart  as  they  draw 
near  to  the  discontinuity  produced  by  tlie  rivet,  and  an 
optical  examination  (Fig.  36)  shows  that  the  lines  of  stress 
approach  one  another  very  closely  as  they  pass  around  the 


Fig.  35.  Fig.  ：3*>. 


rivet  a nd  afte r\v a rd s  div v r"'e  again  if  the  overlap  of  the 
plate  is  sufficient  to  p?nnit  t  his.  It  is  not  difiicult  to  explore 
the  whole  of  a  plate  stressed  in  this  way,  by  determining 
both  the  sum  and  difference  of  the  stresses  at  a  sufficient 
number  of  points  on  the  lines  of  stress  so  found,  and  some  of 
the  measurenients  for  the  cross- sect  ion  passing;  through  t  lie 
centre  of  a  rivet  in  a  plate  are  shown  in  Table  XII. ，  for  the 
case  of  a  plate  in  which  both  the  overlap  and  the  widths  of 
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ii  each  side  of  the  rivet  are  equal  to  the  diameter  of 
th。  rivot .  Tii  these  determinations  tlie  distance  r  of  the  point 
examined  is  measured  from  the  centre  of  the  rivet  in  terms  of 
its  radius  〃 ，  while  the  stress  pY  across  the  section  of  the  stress 
px  in  the  section  are  given  in  terms  of  the  mean  stress. 

The  experimental  values  of  the  sums  and  differences  are 
plotted  in  Fig.  37,  and  the  principal  stresses  deduced  from 


々 

them  are  given  in  Fig  38.  They  show  that  the  tensile  stress 
at.  the  cross-section  reaches  a  high  value,  while  below  the  rivet 
an  even  greater  compression  stress  is  produced.  The  measure- 
ments of  radial  stress  along  the  sections  chosen  give  marked 
compression  close  to  the  rivet,  and  it  is  worthy  of  note  that 
they  are  very  nearly  zero  at  the  outer  boundaries  of  the  plate, 
results  which  confirm  the  general  accuracy  of  the  measure- 
ments. Other  measurements  of  a  similar  kind  show  that  the 
action  of  a  rivet  produces  an  intense  stress  at  the  hole,  some- 
times reaching  five  times  the  stress  in  the  full  plate.  In  a 
transparent  model  this  is  often  act'ompanied  by  permanent, 
ov^rstress  and  local  yielding,  which  latter  tend  to  equalise  the 
stress  in  the  material. 

We  have  seen  that  the  complete  d etermiiiation  of  t he- 
distribution  of  stress  in  a  plate  subjected  to  forces  in  its  own 
plane  involves  the  determination  of  the  directions  of  the  lines 
of  stress,  and  the  measurement  of  both  the  sum  and  t lie 
difference  of  the  principal  stresses  at  each  point,  since  these 
latter  cannot  in  general  be  measured  separately.  It  is  there- 
fore apparent  that  this  kind  of  investigation  offers  great 
advantages  for  the  measurement  of  shear  stress,  since  the 
optical  effect  is  proportional  to  the  difference  of  the  principal 
stresses,  and  therefore  varies  according  to  the  shear   stress  at 


, .  
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h  point.  The  quantitative  deterniinalion  of  shear  stress  is 
accordingly  of  a  sim pie  kind,  since  tlie  delicate  measurements 
n\'  t  he  clwui^e  of  thickness  in  a  plate  are  not  necessary,  while 
a  general  idea  of  the  distribution  of  shear  stress  may  be 
obtained  from  the  picture  which  the  colour  effects  show. 

The  distribution  of  stress  in  a  long  rectangular  plate 
subjected  to  shear  stress  offers  a  useful  illustration,  wliich 
]\\ny  he  (considered  in  some  detail.  For  the  purposes  of  experi- 
DK'nt.  ； I  pi;"''  lOin.  long  and  ^cin.  tliick  was  rigidly  clamped 


at,  the  sides  B,  Fig.  39，  and  a  pull  due  to  a  load  W  was  applied 
to  a  bar  clamped  to  the  centre  of  the  plate,  so  that  the  free 
Tablk  XII. 
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portions  A  on  each  side  were  subjected  to  a  nearly  pure  shear. 
With  the  aid  of  a  large  polariscope  the  optical  effects  produced 


w 

Fit;.  39. 

over  tlie  whole  plate  could  be  readily  observed,  and  it  was 
found  tliat  the  distribution  presented  some  interesting 
peculiarities.  In  a  long  plate  the  maximum  intensity  of  stress 
occurs  near  the  ends,  and,  in  general,  at.  a  distance  there- 
from somewhat  less  than  the  free  width  of  the  plate.  The 
stress  is  very  uniform  over  the  remaining  part  of  the  length, 
with  a  slight  diminution  towards  the  centre,  as  is  shown  in 
the  accompanying  diagram,  for  the  maximum  length  of  lOin. 
and  a  mean  shear  load  of  8001bs.  per  square  inch.  The  shear 
stress  over  the  central  portion  of  the  lOin.  length  is  slightly 
more  than  the  mean  shear  load,  and  reaches  maximum  values 
at  short  distances  from  the  ends,  and  it  ultimately  becomes 
zero  at  the  ends. 

Keeping  the  load  per  square  inch  constant  and 
diniinishing  the  length  to  6in.,  we  obtain  a  slightly  more 
variable  distribution  over  the  central  portion,  with  a  higher 
average  stress  intensity  and  more  pronounced  maxima.  The 
same  general  features  are  shown  in  a  still  more  marked 
mamicr  as  the  length  is  still  further  decreased,  and  a  change 
of  dist ribution  is  seen  to  be  imiTunent  when  a  length  of 
is  reached,  for  we  observe  from  the  measurements  that  for 
some  length  greater  than  1  .Un.  and  less  than  2ii〗.，  the  dis- 
tribution changes  to  one  with  a  central  maxinium ,  and 
approximates  to  a  parabolic  type  with  a  very  large  maxinium 
value,  as  the  final  curve  shows. 


February  13,  11)14] 


THE    MECHANICAL  ENGINEER. 


l:>:i 


Anot  \\vv  licld  of 
may    he  iudi(a"nl 


ness  for  o|)(  ical  observations  which 
their  application  to  t  he  design  of 
structural 出 embers  and  parts  of  machines  by  aid  of  models 
subjected  to  load  We  have  seen  from  our  tests  iliat  signs  of 
failure  are  accompanied  by  a  loss  of  t ranspan'iM'v  of  the 
m;i"、rial，  wliicli  is  very  readily  obsorvahlo'  mid  marks  t  lio 
places  of  iiigli  stress  intensity  in  the  lnembtM*  where  failure 
may  pi'obahly  occur.  It  is  therefore  easy  to  correct  errors  in 
<lrs*ign  from  sm'h  observations,  and  those  latter  appear  to  \  v 
(1mfV  ； is  useful,  ami  art'  certainly  more  readily  ohtainahlo 
t  hati  fi'om  tests  upon  meinlxM's  of  full  size.  Many  oilier  illus- 
[rations  ini^lit  he  ^iven  of  the  effects  of  stress  upon  trans- 
pai-ont  materials,  iml  iliose  already  described  are  perhaps 
sufVicitMit  to  sliow  the  use  of  opt  ical"  nit^hods  I'm'  (l(>">.rmiiiiiig 
t  lie  (list  rihut  ion  of  stn、ss  in  models  of  cn^i neri iijj;  and  like 
st  ructurrs. 


rot  or  ot 


'  、- it  ；山 's 
th*'  1  urlniie 


si(k'r; 山 1('，  and  I  lir  war  o\  t  he  collar 
1  r('(l m'lit  readjust  m'.iit  to  pi  cs^-rvc  t  In- 
翁 jjfaB  correct  position. 

The  accoinpaiiyin^  illust  rat  ions  show  arran^MiH-ii!  s  of 
t  iirbine  and  oonipressor  installations  in  wliirli  t  lie  a  x  i  a  I  1  lnust. 
is  sustained    by   a  t  lirust  hearing  in  which  t  lie  oil  film  is 
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RELIEVING  AXIAL  THRUST  IN  STEAM  TURBINE  SHAFTS. 

In  the  const  rurtion  of  steam  t  urbines  of  the  axial  or  parallel 
ilo\v  type  it  is  usiuillv  iound  necessary  to  make  the  portion 
of  tlio  rotor  of  inticli  larger  diameter  llian  tlic  glands  on  i\w 
rotor  slial't  wliere  the  latter  ])asses  1  lirou^h  t  lie  turbine 
ensino;.  Tli(、  ； ixial  i  hrust  on  the  turlnne  shaft,  arises  from  11"' 
fluid  prcssuit1  acting  upon  the  annular  area  between  t.lio 
diameters,  and  as  this  area  is  large  even  a  low  fluid  pressure 
produces  a  considerable  axial  thrust.  Similarly,  an  axial 
1  hrust  is  produced  on  the  shafiw  of  turbo- blowers,  compressors, 
<-i  nd  rotary  pumps,  and  various  means  have  been  proposed  to 
Italance  such  thrusts.  In  marine  turbine  installations  part 
uf  this  axial  thrust  can  be  balaiired  by  the  thrust  of  the  pro- 


act ion  niariiie 


FlG.  1. ― AltltANGEMKNT  FOR  llELIEVING  AXIAL  TlIItUST  IN  TURBINE  SHAFTS 


peller,  but  such  propeller  thrust  in  almost  all  cases  represents 
only  a  very  small  proportion  of  the  steam  thrust.  In  the 
most  usual  arrangement  the  turbine  is  constructed  for  uni- 
directional flow,  and  balance  pistons,  which  are  virtually 
glands  of  large  diameter,  are  employed.  These  pistons  are 
usually  placed  at  the  inlet  of  the  turbine  and  subjected  on 
one  side  to  a  greater  fluid  pressure  than  on  tlie  other  side, 
so  as  to  create  an  opposing  axial  thrust  in  the  required 
direction.  In  order  to  reduce  the  leakage  from  the  higli  tu 
the  low-pressure  side  of  these  pistons  it  is  necessary  to  provide 
these  with  labyrinth  rings  or  with  carbon,  metallic,  or  other 
])acking.  In  the  former  case,  however,  considerable  leak a^e 
occurs,  while  the  latter  gives  rise  to  a  large  friction  loss,  and 
in  both  cases  the  lengths,  weight,  and  cost  of  the  turbine 
installation  is  increased . 

In  order  to  oveivome  the  above-mentioned  (lisadvaiit; ，乂 （'s 
it  has  been  proposed  to  take  the  entire  axial  thrust  of  a 
sk、ain  tiu'hiiic  upon  a  thrust  block  coin  prising  ； i  number  of 
pressure  plates  whereby  the  oil  film  is  automatically  main- 
tained by  tlie  difference  of  pressure  existing  at  different 
points  and  the  drag  exerted  on  the  oil  by  the  moving  parts. 
It  has  hevn  found  by  experiment  that  thrust  blocks  having 
one  of  the  contact  surfaces  formed  hy  pivoted  pressure  plates 
;u'e  capable  of  absorbing  thrusts  exceeding  1 ,5()01bs.  per 
square  inch  of  working  surface  with  a  t'rictional  loss  whirl l 
is  for  all  practical  purposes  negligible,  and  without  appreciable 
wear,  while  with  the  hitherto  usual  type  of  thrust  block 
greater  pressures  than  from  201bs.  to  301hs.  \wv  square  inch 
of  working  surface  have  not  been  permissible  under  the  best 
conditions  of  lubrication.  Even  with  these  low  pressures  in 
the  usual  type  of  thrust  block  the  frictional  losses  are  con- 


auloniatically  niaiiitained .  I  n  t  liese  arrangement  s，  wludi 
have  been  patented  hy  Me: srs.  C.  A.  Parsons  <fe  Co. ，  Tin 
l)inia  Works,  Newcast le-on-Tyne,  tlie  axial  thrust  (川  t  i:'' 
shaft  is  absorbed  mainly  or  entirely  by  a  thrust  block  ol  t  lie 
pivoted  pressure  plate  type  in  which  the  pressure  plates  are 
symmetrically  supported.  Witli  these  arrangements  it  is  not 
necessary  to  balance  tlie  axial  t lirust  uii  t he  tu rbine  or 
compressor  shaft,  ； iltliough  if  desired  such  thrust  may  be  so 
balanced  to  a  small  degree.  Tlie  improvements  also  include 
a  turbine  installation  in  whirli  t  lie  direction  of  flow  of  the 
working  fluid  t  lirough  t  he  turbine  is  reversed  so  ；卜 
neutralise  undor  normal  conditions  the  axial  thrust  on  tlie 
turbine  shaft,  and  in  which  a  thrust  block  of  the  pivoted 
pressure  plate  type  having  symmetrically-supported  pressure 
plates  is  provided  to  absorb  the  large  end  thrust  arising  w 1 1 •  •  1 1 
t lie  noniial  fiistribut ion  of  pressure 
throughout  the  turbine  varies. 

Referring  to  the  illustrations,  Fig. 
1  is  a  longitudinal  section  through  a  re- 
turbine  in  which  uni- 
pi  voted  symmetrically  sup- 
ported pressure  plates  are  employed. 
Fig.  2  is  a  longitudinal  section  through 
a  reaction  turbine  suitable  for  land 
purposes.  Fig.  3  is  a  longitudijial 
section  to  an  enlarged  scale  showing 
the  arrangemeut  of  thrust  bearing 
in  the  turbine  illustrated  in  Fig.  2, 
and  showing  the  adaptation  of  pressure 
plates  symmetrically  pivoted  about  an 
axis  lying  in  a  plane  at  right  angles  to 
the  direction  of  relative  motion 
between  the  pressure  bearing  surfaces.  Fig.  4  is  a  longitudinal 
section  of  a  part  of  a  blower. 

In  the  arrangement  shown  in  Fig.  1，  the  whole  of  the 
axial  thrust  arising  from  the  steam  pressure  on  the  turbine 
rotor  A，  which  thrust  may  be  increased  or  dimyiished  bv  t\w 
propeller  thrust  or  by  reversals  of  flow,  is  absorbed  by  a 
thrust  block  B  of  the  type  before  referred  to.  In  some  cases, 
however,  the  turbine  may  be  provided  with  means  for 
balancing,  apart  from  the  thrust  block  B,  a  portion  of  I  lie 
axial  thrust.  In  any  case,  however,  the  greater  portion  of 
this  thrust  is  carried  by  the  thrust  block.  The  prosiu'' 
plates  C  and  E  of  the  thrust  blocks  are  pivoted  about  an  a n i s 
lying  in  a  plane  at  right  angles  to  the  direction  of  relative 
motion  between  the  bearing  parts  and  bisecting  the  contact- 
ing surface  of  the  pressure  member,  that  is,  the  plates  are 
symiiiotrically  support od  about  the  bisecting  axis,  or  such 
plates  may  be  pivoted  upon  a  curved  )>ad  D  so  as  to  he 
capable  of  movement  about  any  axis  passing  through  tli"ii 
point  of  support,  the  point  of  support  heiii^r  at  the  centre  of 
figure  of  the  bearing  surface  of  the  pressure  members.  The 
thrust  bearing  takes  the  form  of  two  collars  F  upon  the  rotor 
^haft  against  the  aft  faces  of  wliich  the  pivoted  ])ressure 
plates  C  bear.  A  smaller  set  of  pivotrd  plates  E  bears 
against  the  forward  face  of  one  of  the  collars  F  in  order  to 
determine  the  position  of  the  rotor  and  to  take  any  ahead 
thrust  not  balanced  by  the  steam  tlirust .  Tn  tliis  turl)i]ie 
installation  no  balancing  pistons  are  required,  or  such  pistons 
can  be  made  of  small  dimensions  or  tlie  pressure  across  tlie 川 
material lv  reduced.  Tlie  loss  in  energv  of  working  (luid  hv 
leakage  or  t riction  is  also  either  avoided  or  considerahlv 
decreased,  so  that  an  improved  eflk'iem'v  of  the  turbine  is 


154 


THE    MECHANICAL   ENGINEER.  [February  13,  1914 


obtained .  Also  the  thrust  blocks  are  of  short  length,  and 
with  the  simplified  construction  of  the  turbine  now  rendered 
possible  an  appreciable  reduction  in  the  weight  of  the  turbine 
and  in  the  total  l(Migth  of  the  installation  can  be  effected. 

The  arrangement  shown  in  Fig.  2  is  applicable  to  land 
t  urbines.  In  this  case  the  thrust  bearing  is  placed  at  the 
liigh-pressure  end,  a  set  of  pivoted  pressure  plates  M  bearing 
on  a  spherically  seated  member  P  being  provided  to  take  the 
thrust  due  to  the  steam  pressure,  while  an  adjustable  bolt  N 


Fig.  3.— Aittt.vM,i;Mi:NT  for  Relieving  Axial  Thrust  in  Turbine  Shafts. 

bearing  on  the  end  of  the  shaft  is  provided  to  exactly  deter- 
mine the  longitudinal  position  of  the  rotor.  The  thrust  block 
may  be  placed  at  the  exhaust  end  of  the  turbine  instead 
of  at  the  inlet  end,  and  the  collars  T  may  conveniently  be 
made  separate  from  the  shaft  and  secured  by  nuts  against 
a  shoulder,  as  shown  in  Fig.  3.  This  latter  illustration  shows 
in  detail  one  form  of  pivoted  pressure  plate  thrust  bearing 
in  which  tlie  plates  M  faced  with  bearing  metal  are  pivoted 


Fig.  J.— Arrangement  for  Believing  Axial  Thkust  in  Tuiibinj:  Shafts. 

upon  spherical  seats  on  the  supporting  member  P,  which  is 
itself  mounted  on  a  spherical  seating  S. 

In  Fig.  4  a  compressor  is  shown,  the  spindle  Q  having 
secured  to  its  end  a  collar  T，  upon  which  bear  the  pivoted 
pressure  plates  M，  while  an  adjustable  bolt  N  bearing  on 
the  end  of  the  shaft  serves  to  position  tlie'  rotor  in  the  opposite 
direction. 


Gas  Producer  Tests. ― The  Canadian  Department  of  Mines 
has  recently  issued  Vol.  II.,  of  an  investigation  of  tlie  coal  of 
Canada,  in  which  the  subject  of  gas-producer  tests  is  dealt 
with  by  M r.  R.  J.  Durley.  The  main  objects  of  a  gas-prociu'-cr 
test,  for  whatever  purpose  it  is  made,  must,  lie  mentions,  be 
to  measure  or  determine  :  (1)  The  amount  and  calorific  value 
of  the  fuel  consumed  by  the  producer  in  a  given  time.  (2) 
The  amount  of  the  heat  value  of  this  fuel  actually  utilised  and 
available  in  the  gas  supplied  during  the  test  interval  to  an 
engine  or  furnace.  (3)  The  amounts  or  items  by  which  the  loss 
or  dinVrence  between  (1)  and  (2)  can  be  accounted  for.  (4)  Tlie 
suitability  of  the  gas  for  its  intended  use,  and  the  reliability 
and  freedom  from  trouble  of  the  producer  when  in  service 
with  the  fuel  to  be  employed.  Mr.  Durley  explains  that  the 
first  difficulty  occurring  is  that  of  determining  the  coal  con- 
sumption. If  at  tlie  vud  of  a  run,  one  could  be'  certain  that 
tlie  condition  of  the  fuel  bed  was  exactly  the  same  as  at  the 
commencement,  this  difficulty  would  disappear. 


ALCOHOL  AS  A  MOTOR  FUEL. 

At  a  meeting  of  the  Royal  Society  of  Arts  held  in  London  on 
the  4 th  inst"  a  paper  on  "  Motor  Fuels,  with  special  reference 
to  Alcohol  "  was  read  by  Mr.  W.  R.  Ormandy,  D.Sc,  F.C.S. 
I"  dealing  with  a  new  fuel  there  are,  the  author  said, 
two  questions  of  equal  importance :  Can  it  be  used,  and 
can  it  be  produced  cheaply  enough  and  in  sufficient 
quantities  ？  That  alcohol  can  be  applied  with  perfect  success 
in  specially-designed  engines  has  been  more  than  sufficiently 
proved  in  Germany,  where  thousands  of  engines  working  on 
alcohol  arei  employed  for  miscellaneous  purposes  in  and  about 
agriculture.  These  engines,  however,  are  primarily  of  the 
high-compression  slow-running  type,  and  although  the 
problem  has  been  worked  out  very  fully  in  its  relation  to  this 
type,  comparatively  little;  work  has  been  done  on  th©  high- 
speed type-  of  engine  employed  in  motor-car  work.  In 
Franc &，  races  have  been  held  and  trials  made  on  ordinary 
engines  designed  for  petroleum  fuel,  running  on  mixtures  of 
alcohol  and  benzine,  and  these  experiments,  rough  and  ready, 
sufficed  to.  show  that  such  a  mixture  was  little,  if  any,  behind 
the  fuel  it  was  displacing.  Since  the  days  when  these  were 
carried  out  great  improvements  in  the'  efficiency  of  petroleum 
engines  have  been  made,  but  these  improvements  are  of  such 
a  nature  that  they  would  be  of  equal  value  in  influencing  the 
economy  of  tlie  engine'  if  run  on  benzine^alcohol  mixture.  It 
was  to  make  a  start  in  the  type  of  investigation  which  is 
necessary  if  we  are  over  to  be  in  a  position  to  say  whether 
alcohol  is  suitable  for  high-speed  internal-combustion  engines 
or  not,  that  Messrs.  Iliffe,  of  the  Autocar/'  empowered  me 
to  carry  out  certain  tests  which,  at  any  rate,  served  to-  prove 
that  on  two'  types  of  modern  petrol  engines  as  much  power 
can  be  generated  when  running  on  mixtures  of  equal  parts 
of  alcohol  and  benzine,  and  even  when  running  on  two'  parts 
of  alcohol  to'  one  of  b&nzine,  as  can  be  obtained  from  the  same 
engine  when  running  on  petrol . 

We  know  that  alcohol  can  be  used  to'  b&tter  advantage  in 
tlie  ordinary  type  of  engine,  modified  in  the  directions  of  a 
higher  compression  and  provided  with  improved  and  modified 
carburetting  appliances,  but  before  we  deal  with  the  possi- 
bilities of  designing  engines  specially  modified  to  suit  alcohol 
alone,  it  is  better  to  find  out  what  admixture  of  alcohol  with 
another  fuel  can  serve  through  being  used  in  the  existing 
unmodified  motor,  a&  a  stepping-stone  towards  using  mixtures 
containing  alcohol  for  the  most  part,  in  engines  which  the 
process  of  natural  development  has  rendered  suitable  for  the 
new  fuel.  There  is  every  reason  to  believe  that  any  difficulties 
which  may  lie  in  the  way  of  using  alcohol  as  a  motor-fuel  are 
by  no  means  insuperable,  and,  on  the  other  hand,  there  are 
many  theoretical,  chemical,  and  physical  reasons  why  alcohol 
should  yield  superior  results.  It  can  be  employed  without 
danger  of  pre— ignition  under  higli  compression,  it  can  yield  a 
much  higher  percentage'  of  its  available  heat  contents  in  the 
form  of  work,  and  for  carburetting  purposes  it  is  much  more 
homogeneo'iis  than  th©  other  fuels  with  which  it  competes. 
Assuming  for  the  moment  that  methylated  spirits  can  be  used 
in  admixture  with  benzine'  in  the  existing  type  of  engine  with 
slight  modification  to  the  carburetter,  we  open  out  at  once 
the  possibility  of  trebling  the  amount  of  fuel  which  could 
b©  obtained  from  coal  alone,  and  as  the  use  of  such 
mixtures  spreads  manufacturers  would  undoubtedly  so 
improve  their  carburetters  and  their  engines  that  the  propor- 
tion of  benzine  could  be  gradually  reduced ,  and  in  this  wise 
the  almost  insuperable  difficulty  of  passing  over  from  a  type  of 
engine  of  which  millions  are  in  existence-  to  a  modification 
thereof  would  be'  overcome. 

Let  us  now  turn  to  the1  second  equally  important  aspect 
of  the  question,  that  of  production,  with  which  is  intimately 
bound  up  the  question  of  denaturing,  and  the  incidence  of  the 
excise  laws.  Alcohol  can  be  made  from  all  starch  and  sugar- 
containing  bodies,  and  is,  indeed,  made  in  all  quarters  of  tlie 
world  on  an  e'liormous  scale ~ in  G-ermany  from  potatoes,  in 
France  from  beetroot,  in  Japan  and  China  from  rice,  in  the 
tropics  from  cane  sugar,  and  elsewhere  from  starch-containing 
grains,  suoh  as  barley  and  maize.  It  has  been  urged  that 
although  great  efforts  have  been  made  in  Germany  to 
encourage  the  use  of  industrial  alcohol  it  has  made  no 
headway  as  a  motor-fuel.  I  have'  given  the  reasons  for  this 
elsewhere  at  considerable  length,  but,  briefly,  it  suffices  to  say 


February  13，  1914J 


THE    MECHANICAL  HNGINKKR. 


155 


here  1  1  In'  niaiiut'Mcl hit  u{  alcohol  from  potiLloes  in 
(； (M'in;ii]\'  is  regarded  as  a  ([ucst  ion  of  national  "rmmmical 
inlcrcst  ,*  ami  t  hat  the  ； ilroliol  whicli  is  ('n 屮！ （)v('(l  lor  iii 山 istri;il 
pm'i"":(>s  has  been  hounty-tVd  n\  the  cost  of  duties  iii 屮 （'si'(l 
on  ； ilrolml  used  for  potaMc  [tui-post'S.  Tlic  German  m()")r 
liianufacturcr  lias  always  had  a  lar^ci-  market  outside  his 
count  i-v  t  lian  iti  it,  and  it  is  not  likely  that  lie  wouM  develop 
； ill  ('iigim'  typt1  i'or  a  fuel  only  to  he  t'miii'l  in  his  own  couni  rv 
niul  wliicli  wouM  Ik*  useless  outside  its  hordiMS,  parlicularly 
wlien  the  jirici1  of  1  hat  t'uol  is  regulated  i>y  a  numl»('r  of  rm 卜 
sidtM'ni  iuiis  wliich  arc  entirely  out  side  his  k  ii()wle(l;《，  and 
cunt  rt)l.  W(、  know,  for  iiislanci1,  t  hat  alcolioi  can  1"'  ； nxl  is 
hein^  i>r(j<lu(n、（l  in  very  considerable  (|uanli1  ics  from  t  lie 
residual  (jf  m;i"'ri;il  left  1'rmn  the  irianufaclurc  of  wli;i(  is 
known  as  Hulphile-  w()()(l-piili>，  and  we  nii^ht  jt;»soii;iI)1v  ； isk 
liow  much  of  such  residue'  is  jirotlucLHl  and  wlial  it  would 
yield.  We  know  that  i)r(K'ews  liavo  Ihmmi  iiiventrti  for  1  he 
conversion  ui'  cellulose'  bodies,  ^ucli  as  sawdust,  into  alcohol, 
； I  ml  oucv  a  hirgc  niarket  were  made  availabli1  no  doubt  t  he 
l)r()Wsy  of  such  invent  ions  would  he  nnu'li  more  rapid.  At 
prespiii  t  liu  prodiu*!  ion  of  alcohol  is  hedged  aljout  wil  h  such 
real  rici  ions,  and  t  lie  utilisation  of  the  fi  tii&hed  product 
hcnnnetl  in  with  so  niaiiv  difficulties,  that  the  inventor  is 
inclined  to  rcgn vd  IIh'  \vholc：  Held  as>  unworthy  ol'  serious  work. 

J  ii  1 9(»1  a  Department  al  Coinniittw  on  Industrial  Alcoliul 
was  loniu-d.  At  thai  tiinc  petrol  was  about  Is.  [wv  gallon 
or  U-ss,  and  ； iH'lio'ugh  the'  conclusions  of  this  ronimitteo  were 
iidvrrse  lo  iniinediatei  action,  they  were  careful  to  leave  an 
open  door  by  stating  thab  one©  it  had  been  proved  that  alcohol 
could  be  rmplove'd  with  advantage  in  the  】iiuderii  motor  or 
yonu1  inodirK'Htion  thereof,  and  that  the'  price'  of  the  卜 
jielii ive  fuel  1'endered  possible  tho  application  of  alcohol,  the 
Guvernmont  would  be'  prepai'ed  to  consider  the  matter  anew. 
Since  that  time,  in  this  country,  with  the  sole  excej)iion  of  the 
" Autocar  "  experiments,  I  am  not'  aware  that  any  practiral 
^steps  whatever  havei  been  taken  to  demonstrate  in  liow  far 
iilcohol  can  be  employed  in  the'  modern  motor  so  as  to  satisfy 
the  first  portion  of  their  ©niiiiently  reasonable  request. 
AVIiatever  may  the  situation  in  this  country— and  that 
rcMjiiires  and  deserves  immediate  and  close'  consideration ― 
t  here  is  nut  1  lie  sliyhle^l  doubt  t  lial  alcoliul  can  b©  produced 
in  large  (|uantitics  and  at  reasonable  prices  in  many  of  ouv 
Colunies. 

It  is  in  tlu'  lands  of  greater  sunshine  that  starch  and  su^ar 
products  can  most  readily  be  produced,  and  this  cuunti'v  has 
Colonies;  where  the  raw  material  for  the  production  of  alr()h。l 
can  be  produced  in  enormous  quantities' ~~ the  officials  in  theso 
fuuntries  state,  in  practically  limitless  quantities,  at  a  price 
equivalent  to  3d.  per  gallon  for  95  volume  })er  cent,  alcohol. 
To  this  must  be  added  the  cost  of  plant,  fuel,  and  wages,  items 
which  grow  less  in  proportion  a&  the'  output  increases.  The 
Imperial  Motor  Transport  Conference  lield  in  London  in  the 
summer  of  last  year  was  attended  by  r&presentatives  of  almost 
all  our  Colonies,  and  we  can  ask  for  no  stronger  evidence  as 
to'  what  our  Colonies  need,  and  think  they  can  supply,  than  to 
turn  to  the  linal  resolution  passed  at  their  meeting.  Shortly, 
one  may  say  that  the'  final  result  of  the  conference1  was  a 
de  in  a  nd  that  the  subject  of  the  pruduclion  and  utilisation  of 
alcohol  for  motive:  purposes  should  be  adequately  investigated. 

We  have  had  in  the'  last  10  years  many  connnittees  which 
have  dealt  primarily  or  otherwise  with  the  fuel  question - 
They  have  gathered  much  information  which  will  be  available 
and  valuable  to  future  workers,  but  what  is  required  at  the 
nionient  is  practical  work.  We  must  (iiul  out  what  a  re  the 
niiniimuii  nuxlilications  to  the  existing  type  of  motor  which 
will  render  it  capable  of  economically  employing  alcohol - 
benzine  mixtures.  We  want  to  know  the  liuiiting  composition 
of  such  mixtures  before'  their  u&e  leads  to  a  drop  in  efficiency 
which  points  to  something  difrerenl  in  design .  There  are  a 
great  number  of  fuel  mixtures  to  be  investigated  with  a  view 
to  finding  out  which,  if  any,  possess  peculiar  physical  pro- 
perties, such  as  maximum  vapour  tension  and  maxiinuin 
boiling-point,  whiili  would  render  them  particularly  suilahU' 
for  our  special  purpuse.  AVe  ought  to  work  hand  in  hand  with 
the  Government  authorities  on  the  question  of  denatu rants. 
There  are  rumours  of  new  processes  for  the  production  of 
crude  niethvl  alcohol  which  should  be  enquired  into,  since  up 
to  now  the  Government  have  insisted  on  a  large  percentage  of 
this  expensive  material  as  a  necessarv  ingredient  in  their 
donnturiiii;'  niixlu re.  Any  rcil ut't ion  in  the  price  of  this  criKle 
inetlivl  alcohol,  at  present  obtained  unly  from  t hv  Jistillatiun 
of  wood,  would  be  of  iinporiancc  in  our  new  dcvelopnient . 


We  should  have  availal'k'  si  ； i l  istics  as  to  (  lie  out  put  of 
stfircli-coiiiainin^  1>o(li<'s  in  all  ('m'  川"' ― ； m  i'm-i ,  I  Imtc  ;,，•<， 
卜 :（）m(»  vea rs  of  diflicnh  ； m'l  ('Xpcusive  work  before  uh,  but 
wit  liout  sm'li  woi-k  t  lie  development  ol'  the  next  10  y«*;i  rs  in 
this  direction  will  1)。  t  liat  of  1  Ik*  \()  y<strs.      J)o<  >  I  lur 

mat  u re  considcrat  ion  ol'  t  lie  iwo\ or  world ,  inanut'ar-l  ur<-r,  ； iikI 
user,  and  of  the  various  conniiitt(»fs  o\'  motor  societies,  lead  us 
to  believe  t         t  In*  )m-1  rol  supply  caniiot  kfcp  wit  Ii  t  lie 

growing  (IciiihimI  I  1 1 1  i  1 1  k  that  *|iifsl  ion  c;i  n  I'"  ； i  nsw<*r*Mj  in 
1  he  ； I  fli fiiKil  ivc.  Sii*  Ho\  <*rt  on  K('(I、、'o<m1  is  1  In*  Ii i^lu-st 
autliorit  v  mi  I  his  ]>arl  iculn  r  >iil)"'('l，  ； i  nrl  h''  ii; 卜 -1  ； 1 1  *-<J  tli 卜 t  o 
be  his  opinion .  Is  our  <-oal  supply  likely  to  vield  suniricnt 
alteniative  fuel  to  m;ik('  up  I li<-  df.ficicncv  mimI  t o  prevent 
prices  still  getting  higher  'i  I  n  m  v  opinion  t  liere  is  ur>t  tin; 
slightest  doubt  as  to  the  inability  of  this  hource  of  suj 屮 lv  (o 
do  what  we  require  of  it.  "i'lien  wliat  a  re  t  lie  alt  final  ivcs  ! 
The  connnittee  of  tlio  K . A . C.  lia ve  admit te<l  tlial  alcohol 
would  seem  tli©  only  alternative  if  \)*-\  rul  ； m'i  U'i"in'-  tail  us. 
TIk、  ilotor  Union  Fuel  Committee  came  to  t  he  simc  ('出 
elusion,  and  t he  I inperial  Motor  Transport  ( '( 川 tVr"ii'  ''  liavc 
confirmed  this  decision  wit  Ii  no  uncertain  voice.  The  mot  or 
trade  of  this  country  is  said  to  employ  rlosr  up (川  ! i ;i ] t'  a 
million  hands.  Tlic'  societies  connected  wit  Ii  t  lie  s|""liiig 
aspect  of  the  motor  indust ry  have  incomes  running  into  -、 ix 
iigures.  Surely,  it'  these  are  convinced  t liat  that  fuel  upon 
which  1  heir  whole  existence  depends  is  failing,  they  will  do 
all  that  is  necessary  towards  providing  a  substitute. 


WORLD  S  OUTPUT  OF  IRON  AND  STEEL 

A  Pakliamentary  return  issued  on  the  9th  inst.,  gives  details 
showing  the  produition  and  consumplion  of  iron  ore  and  pig 
iron,  and  the  production  of  steel  in  the  United  Kingdom  ； m'l 
the  principal  foreign  countries  in  recent  years,  and  t  In- 
imports  and  exports  of  certain  classes  of  iron  an<l  si  eel  in"m 卜 
factuves.  The  probable  world's  output  of  iron  ore  in  1912 
was  about  152  million  tons,  or  more  than  5  per  cent  -  alxn  c 
that  of  1910.  The  principal  pro<lucers  were  the  Unit r«J 
States,  Germany,  France,  the  United  Kingdom  ； m'l  S|i;hii , 
in  the  order  given,  these  five  countries  producing  al uml 
six-sevenths  of  tlie  total  oulput  uf  the  world.  Tlie  following 
table  gives  the  total  output  of  iron  ore  in  1911  and  \{)\'2  ： ― 


Tons. 

Tons. 

United  States   

43,877,000  .. 

. 55,150,000 

Germany  (including 

Luxemburg)  

29,399,000  .. 

. 3'J,  190,000 

France   

16,372,000 

. 18,744,000 

15,519,000  .. 

. 13,790,000 

8,633,000  •. 

Russia  (excluding  Fin- 

land)   

6,882,000  . 

..  8,054,000 

6,055,000  . 

6,593,000 

Austria -Hun^arv   

4,640,000  . 

2,880,000 

188,000  . 

..  156,000 

Belgium   

148,000  . 

..  165,000 

111  the  case,  of  Genua ny  there  has  lun'ii  a  continuous 
increase  in  the  output  since  1908,  and  in  1  'J  1 2  it  was  well 
above  that  of  any  previous  yea r.  In  tlie  United  Kiugdoni 
and  iu  Spain  the  output  in  1909  was  even  less  llian  in  11， （卜. 
but  the  British  output  in  1911  was  only  1  per  cent,  below  that 
of  1907.  Owing  to  the  dispute  iu  the  coal  trade,  however, 
through  which  the  majority  of  the  blastfurnaces  in  t lie 
country  were  stopped  with  a  considerable  slackening  in  tlio 
demand  for  ore,  the  output  iu  1912  was  the  lowest  recortletl 
since  1804.  In  France  the  rapid  increase  shown  in  the  pro- 
duction for  several  years  before  1908  has  roiitinuo<l,  and  tlie 
output  iu  1912  was  over  89  per  font,  above  that  in  1  DOS. 

The  ore  resources  of  the  world  as  given  in  the  report  are 
based  on  an  estimate  made  at  the  International  Geographical 
Congress  at  Stockholm  in  1910.  It  was  then  estimated  that 
the  total  actual  resources  of  iron  ore  existing  in  deposits  that 
can  at  present  be  worked  at  an  economic  profit  aiuount  to 
22,408  million  tons,  representing  10,192  million  ions  of  iron. 
This  total  would  supply  the  requirements  of  the  world  for 
considerably  less  than  two  centu ries,  even  were  tlie  present 
rate  of  output  not  exceeded  on  the  average.  The  actual 
resources  of  tlie  principal  ore-protl  ucing  countries  a  re 
estimated  lo  \n\  in  the  United  States  4,*258  million  tons,  t  ho 
equivalent  iu  metallic  iron  bein^  2,305  million  tons  ；  in  Ger- 
many and  Luxemburg  3,S7S  miltioii  tons,  estimated  to  vk'ld 
1 .:";()  million  tons  of  metallic  iron  ；  iu  the  United  Kingdom 
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！.: W)U  uiillion  tons,  ((jual  to  ■  1  ~) f)  million  tons  of  tnctal  ；  in 
France  3,300  million  tons,  equal  to  1,140  million  tons  of 
metal  ；  and  in  Spain  711  million  tons,  equal  to  349  million 
t ons  of  metal.  In  addition,  the  potential  ieso\irces  of  1  lie 
world  not  yet  developed  are  estimated,  so  far  as  they  can  be 
calculated  in  figures,  to  amount  to  123,377  million  tons  of  ore, 
representing  53,136  million  tons  of  iron.  Further,  very  large 
： upplies  of  iron  ore  are  understood  to  exist  in  China,  Canada, 
and  other  countries,  but  no'  definite  iiifcrniation  is  at  pree&nt 
available  as  to  the  extent. 

The  world's  production  of  pig  iron  in  1912  was  about 
7*J  million  tons,  the  United  States,  Germany,  and  the  United 
Kingdom  accounting  for  about  seven-ninths  of  the  total.  The 
Y  nited  States  output  was  29,727,000  tons  ；  Germany's, 
17,582,000  tons ；  and  the  United  Kingdom's,  8,751,000  tons. 
For  the  first  half-year  of  1913  the  figures  for  the  three  prin- 
cipal countries  were :  United  States,  16,489,000  tons  ；  Ger- 
many, 9,414,000  tons  ；  United  Kingdom,  5,411,000  tons. 
For  the  last  lialf-vea v  the  figures  are  estimated  at :  United 
States,  14,600,000  tons;  Germany,  9,600,000  tons;  "United 
Kingdom,  5,069,000  tons.  The  total  exports  of  pig  iron  from 
the  United  Kingdom,  on  the  average  of  the'  five  years  1908  to 
1912,  amounted  to  1,220,000  tons  per  annum,  or  14  per  cent, 
of  the  total  British  production.  The'  total  exported  from  the 
10  chief  countries  averaged  in  the  same  period  about  2,374,000 
tons  per  annum,  or  4  per  cent,  of  the  total  produced  in  those 
countries. 

The  combined  output  of  steel  in  the  United  Kingdom, 
Germany,  and  the  United  States,  in  1912,  exceeded  55  million 
tons  ；  and  the  world's  output  may  be  estimated  at  between 
71  aud  72  million  tons.  The  output  of  th©  three  principal 
countries  in  1912  was,  however,  remarkable,  being  22*6  per 
cent,  above  that  of  1911，  and  32' 1  per  cent,  above  that  of 
1907.  The  st'e'&l  production  in  France  is  stated  to  have  been 
about  1,611,000  tons  more  in  1912  than  in  1907  ；  that  of 
Belgium  978,000  tons  more  ；  and  that  of  Austria-Hungary 
965,000  tons  more. 

The  quantity  of  steel  (5'3  million  tons)  produced  by  tlie 
open-hearth  process  in  the  United  Kingdom  in  1912  was  about 
3.\  times  that  jiroduced  hy  t  he  He~seiiuT  pvoce^ses  ( 1'5  million 
tons).  In  Germany,  on  the  other  hand,  the  preponderance 
was  reversed,  nearly  three-fifths  of  the  total  production 
(9 '8  million  tons  out  of  17  million  tons  in  1912)  consisting  of 
Bessemer  steel.  In  the  United  States  the  output  of  Bessemer 
ste-el  had,  since  1908，  been  increasingly  exceeded  by  that  pro- 
duced by  the  open -hearth  process,  most  of  the  new  steel - 
making  plant  erected  in  that  country  being  of  the  open-hearth 
variety.  Nearly  the  whole  of  the  German  ste&l  was  basic 
steel,  the  native  ores  being  used,  for  the  most  part,  such  as  are 
suitable  for  the  Gilchi*ist-Tlionias  process. 

Only  about  3^  per  cent,  of  thei  open-hearth  ste&l  produced 
in  the  United  States  in  1912  was  acid  steel,  whereas  the 
entire  output  by  the  Bessemer  process  was,  and  always  had 
been,  acid  steel  -  In  the  United  Kingdom  for  various  reasons 
acid  steel  was  much  in  demand,  and  over  three^fifths  of  the 
steel  produced  in  1912,  whether  by  the  Bessemer  or  ope'n- 
liearth  process,  was  acid  ste&l;  but  in  the  last  10  years  the 
output  of  basic  st&el  bad  increased  much  more  rapidly  than 
that  of  acid  steel. 

In  1912  the  exports  of  iron  and  steel  from  the  United 
Kingdom  were  in  the  aggregate-  in  excess  of  those  for  the 
preceding  four  years.  The  total  production  of  steel  in  the 
United  Kingdom  increased  from  2,920,000  tons  in  1892  to 
6,903,000  tons  in  1912.  In  Germany  in  1900  (the  first  year 
for  whicli  figures  are  available)  the  production  was  6,539,000 
tons,  In  1912  it  had  increased  to  17,024,000  toiis.  In  the 
United  States  in  1892  the  production  was  4,928,000  tons. 
In  19112  it  had  increased  to  31,251,000  tons. 

In  Great  Britain  there  were  in  1878  18  firms  making  o]>en- 
hearth  steel,  with  100  furnaces,  in  1890  there  were  61  firms, 
with  329  furnaces,  in  1903,  there  were  94  firms,  with  512 
furnaces,  and  in  1911  there  were  105  firms,  with  543  furnaces, 
of  which  113  were  not  in  operation.  At  the  beginning  of 
1911  tl\ere  wore  407  acid  and  136  basic  furnaces,  compared 
with  417  acid  and  95  basic  furnaces  in  1903.  The  total 
capacity  of  the  furnaces  in  existence  in  1911  was  16,730  tons 
]>er  heat  ；  97  furnaces  had  capacities  ranging  up  to  20  tons, 
141  between  20  and  30  tons,  136  between  30  and  40  tons, 
09  between  40'  and  50  tons,  and  70  over  50  tons.  In  1870 
there  were  19  firms  making  Bessemer  sted，  with  71  converters, 
in  1890  there  were  32  firms,  with  1 13  converters,  in  1905 
there  were  19  firms,  with  76  converters. 


THE  ENGINEERING  PROBLEM  OF  ELECTRIFICATION.* 

BY  A.  H.  ARMSTRONG,  M.AM. INST. E.E. 
(( 'tnirl ufh  (I  from  jjftt/f  1J7  .) 

Motor  and  gears  are  assumed  to  be  of  equal  efficiency  for 
both  split-phase  and  direct-current,  as  the  advantage  of  ont1 
type  motor  over  the-  other  will  be  small  at  best  and  will  not 
materially  affect  the  values  given.  Blower  efficiency  is  based 
upon  the  fan  blower  required  to  cool  the  motors  and  auxiliaries 
taking  30  kw.  split^phase  and  20  kw.  direct  current.  Starting 
resistances  consume  a  portion  cf  th&  power  required  to  start 
the  train,  and  efficiency  of  the  locomotive  is  based  upon  the 
assumption  that  the  train  is  started  from  rest  anc&  in  two 
hours.  This  starting  resistance  loss  is  greater  witli  the  split- 
phase  than  witli  the  direct-current  locomotive",  being  twice  as 
large  up  to  speeds  of  15  mil&s  p&r  hour  on  ruling  grade  and 
four  times  as  laig€'  up  to'  speeds  of  30  miles  per  hour  on  level 
track.  Phase  oonvert&r  efficiency  is  determined  by  assuming 
that  the  capacity  of  the  convert&r  will  appi'o'ximat&  75  per 
cent,  of  that  of  the  four  motors  it  controls.  Transformer 
efficiency  values  given  require  no  comment. 

Wheel  correction  is  determined  as  follows  ：  Induction 
motors  run  at  nearly  synchronous  spssd,  th©  slip  being  pro- 
portional to  the  total  secondary  non-inductive  resistance, 
hence  all  wheels  upon  the  same  locomotive  must  be  very  closelv 
of  the  same  diameter  in  order  to  ensure  equal  loading  of  tlie 
several  motors.  AY  hen  one  pair  of  wlieels  is  turned,  all  must 
be  turned  equally.  This  would  not  be  a  very  serious  handicap 
were  it  not  for  thei  fact  that  several  locomotives  will  operate 
in  tin1  same  train,  thus  necessitating  equal  wheel  diameters  on 
all  such  locomotives.  It  is  therefore  evident  that  all  loco 
motives  must  be  interchangeable'  and  any  group  of  two  or 
moTe  be  capable  of  running  in  the  same  train  or  the  operating 
department  will  be  seriously  handicapped.  Tlie  diameter  of 
new  and  turned  wheels  may  vary  fully  4  per  cent. ,  an  amount 
sufficient  to  cause  a  prohibitive  load  distribution  between 
motors.  Hence  it  is  proposed  to>  install  a  variable  secondary 
resistance  and  so  adjust  this  resistance'  in  the;  sweral  motor 
secondaries  that  all  wheel  peripheral  speeds  will  conform  to 
the  average  diameter  of  new  and  worn  wheals.  This  will 
entail  an  average  loss  of,  say,  2  per  cent,  when  operation  has 
continued  long  enough  to  require  turning  wheels  to  tlie 
minimum  diamet'e'r  allowable.  Direct-current  motors  have 
such  a  variable'  speed  characteristic  as  to  require  no  adjust- 
ment for  varying  whe&l  diameters.  Weight  efficiency  is  a 
relative  value  based  upon  comparison  with  the  direct-current 
locomotives  taken  at  100  per  cent. 

Com  p-traffrr  \Y  ci-jhi  Effi''h>nt'ii —— Freif/h  t  Lovotnotirts, 


Rated  T. E.  on  ruliiiLf  '」i'i  1 

Gross  train  weight   , 

Trailing  train  weight  . . . 
W  v  cent,  trailing  to  gross 
Weight  efficiency   


3(i.000lbs. 
750  tons 
015  tons 
82  per  cent. 
94*7  per  cent. 


36,00011  »s. 
750  tons 
650  tons 
SO  -  7  per  cent. 
KK)  per  cent. 


On  level  track  it  is  assumed  tliat  juisiiing  locomotives  will 
ba  dropped  and  train  weight  p-er  road  locomotive  will  be 
double  the  ruling  grade  values.  On  this  basis  tlie  split-phase 
locomotive  weight  efficiency  will  be  97  per  cent,  for  level  track 
runs.  Both  values  of  split-phase  iocomot ive  weight  efficienrv 
are-  based  upon  the  a^siuit  ption  that  locomotives  will  be  loaded 
to  100  per  cent,  capacity  un  ruling  grades.  As  such  will  not 
always  b&  possible  in  regular  operation,  it  is  evident  tliat  the 
values  quoted  above  will  b&  lower  under  actual  service  coji- 
ditions.  The  combined  efficiency  of  the  complete  locomotive 
shows  tliat  the  split-phase  freight  locomotive  will  deniaiul 】 ：） 
per  cent,  more  power  input  from  the  trolley  than  a  direct- 
current  locomotive  of  equal  hauling  capacity  and  similar 
m&chanical  drive. 

For  passenger,  service,  it  is  reasonable  to  expect  tlie  loco- 
motivei  running  gear  io-  be  so  constructed  as  to  permit 
maximum  speeds  approaching  75  miles  per  hour  without 
danger  of  derailment  or  exeseding  safe  limits  of  motor  and 
drive  construction.    Neither  of  the  forms  of  const  ruction  in 
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Fig.  3  are  well  adapted  for  very  liigli  speeds,  and  to  serine 
good  running  qualities  it  is  probably  necessary  to  adopt  tlifTe- 
reni  tv]>cs  of  construction  for  frei^hl  aiid  passenger  loco- 
motives, however  desirable  it  may  be  from  an  oj>eratiiig 
standpoint  to  have  iliem  inttMcliangeahle.  Witli  dirert- 
current  motors  several  forms  of  construction  are  available 
that  will  all  operate  successfully  at  higli  speeds  The  most 
e flick nt  construction  is  uiujucsi  ionablv  to  moui"  \  lie  m()t()r 
armatures  upon  the  driving  axles  and  elimi"a">  t  lie  losses, 
\Veight,  and  romplications  of  any  form  of  meclianical  drive. 
It  is  assumed  in  this  comparison  that  gearless  construction  will 
|)f  adopted  for  direct-current  liigh  spt'ed  passenger  lu('()m。t  i v('s. 

I'he  sulii  pliase  locomolive  motor  is  of  the  multi-phas:- 
induction  t  ype'  and  not  adapted  to  gearless  construction  except 
by  the  introduction  of  quills  and  springs.  This  form  of  con- 
struction has  not  been  so  successful  in  operation  as  to  justify 
considering  iUs  general  adoption.  It  is  assumed  tluMefore  thai 
in  order  to  get  a  locomotive  of  good  riding  (jualities  at  hi^li 
speeds,  it  is  necessary  to  resort  to  side  rod  drive  from  a  jack 
shaft  and  house  the  inotors  in  the  cab.  In  this  comparison 
it  is  assumed  that  motors  drive  the-  jack  shaft  through  gears 
rather  than  by  rods,  as  offering  a  ligliter  form  n(  count ruct ion 
requiring  le?s  space.  The  same  form  of  drive  is  equally 
available  wit  h  direclM  iirrent  motors,  but  gearless  const  ruction 
offers  great  advantages  such  as  extreme  siinplicit v,  accessi- 
bility, and  higli  efficiency,  so  that  comparison  will  be  based 
upon  geared  side  rod  split-phase  and  gearless  direct-cun.eiit 
motor  loconiotives. 


Si>lit-p]iasr. 

2,400  Volts 
1  )in'ct  Current. 

Kuling 
Grade 

Level. 

Ruling 
Grade. 

Level. 

Per  cent. 

Per  cent. 

Per  wwt. 

Per  cent. 

ModH's  ； "'('ill's   

89-3 

S3-0 

87-5 

94.0 

97.8 

84-8 

D7.9 

！) 5.5 

Starting  resistance   

！ )8-() 

07-8 

09.2 

Phase  converter   

90-3 

94.0 

Transformer   

98-0 

96-0 

98-0 

98-0 

92-5 

92-5 

97-0 

93-0 

97-0 

93-0 

Combined  efficiency  .... 

69-3 

54-5 

85-0 

89-2 

Average  of  grade  and  level 

61-9  per  cent. 

87- 1  per  cent、 

It  appears  reasonable  to  expect  the  efficiency  of  mixed 
passenger  and  freight  locomotive  operation  to  approximat  e 
85  per  cent,  for  direct  current,  and  not  much  exceeding  68  per 
c'、、iit.  to  70  per  cent,  for  split-phase  locomotives.  This 
efficiency  in  each  case  is  based  upon  that  portion  of  the  run 
during  which  power  is  delivered  to'  the'  locomotive.  If  trans- 
former, phase  converter,  and  blower  are  kept  running  during 
coasting  periods  or  when  standing,  the  stand-by  los&es  thus 
introduced  will  seriously  reduce  the  all-day  efficiency  in  com- 
mercial operation.  It  is  evident  that  such  stand-by  losses  are 
much  greater  in  the  split-phase  than  in  Uie  direct- current 
locomotive,  and  tlie  20  per  cent,  saving  in  power  for  mixed 
freight  and  passenger  service  credited  to  the  direct-cu rrent. 
motive  power  may  be  materially  increased  in  actual  service. 

Before  (■{including  t lie  general  discussion  of  t he  locomotivo 
it  is  nereesarv  to  touch  upon  the  question  of  braking.  Oih*  of 
1  lie  strongest  a  rgunu、iits  ml  va  need  for  th(、  adopt  ion  of  the 
induction  motor  lo<*oniol ive  is  that  t  his  t  vpf  of  川" tor  ofVrrs 
an  ideal  ele<*tric  l>rake  by  reverping  its  function  on  down  grade 
and  reiurniiig  power  to  the  trolley  circuit .  A  regenerative 
braking  met IhkI  of  coiii rol  has  beon  }>erfected  for  use  wit h  Ui" 
direi't-curreut  motor  which  offers  even  greater  ； ，（lv;uil ;igt's  in 
service  operation  than  induct  ion  nidlor  ln  akin^.  J  usl  ；] s  t 
direct-current  loooniotive  is  tlie  nior^  efficient  in  hauling  a 
given  trailing  tonnage,  so  also  it  will  return  to  t he  svstein  a 
larger  percentage  of  the  mechanical  power  given  the  loco- 
motive bv  the  descending  train.  Hence  wlir.t  vvvv  claims  ai'c 
advanced  for  regenerative  electric  braking  with  the  ^plit -phase 
l'jc^'notiv&3  are  even  more  applicable  to  the  direct-current 
typ?. 

Referring  f gain  to  Figf .  1  and  *2,  showing  the  general  plan 


of  (list  ril)utir)ii   r«'、s|w'H  ivel v   lor  I  lie   split-)>li;is<'   ； m'l   山 r'"'t- 
current  systems,  il  is  of  interest  to  compare  ill**  t  wo  m  "r 山' r 
s^e  how  much  of  I  lu-  >|>lit-pl"'is<»  loromoUw  loss  is  w 川 bv 
its  more  clliricnt  (list  ribut  ion  svs"'m.      Tlie  following  roui- 
j)arison  is  therefore  submitted. 


Kffirwuvif  of  /)tsf  rth  it  f  ion  ,、'//.、'/'/〃      lit  htii  /  tl  「''〃'/"///-、"//. 


S|»lit-iiha8c. 

2.4(X)  Volt.s 
l>ir'"'t  Current. 

Per  cent. 

Per  w^nt. 

Stci>-«1<)\\  !i  tninsfonncrs   

<l7-5 

!，"•.-, 

.Motor  generator  sets   

87-0 

81-0 

07..5 

！ Mi-0 

88-0 

Coinbinod  cfticicncy   

70. 5 

Protective  transfonners  appearing  in  above  table  are  for 
the  purpose  of  neutralising  the  inductive  disturbance  caused 
by  single-pliase  trolley  upon  neighbouring  telephone,  tele- 
graph, and  "glial  circuits. 


Fig.  3.— Compakative  Elevations  of  Split- i*h.vsk  and  -2,400  Volt 

DlRIiCT-CUBRENT  LOt'OMOTIVKS  OF  KyUAL  C Al'ACITY . ] 


Total  Efficiency —— DUtrihution  Sf/ate/n  otir/  Lorotnotn  * 


Split-phase. 

2,400  Volts 
丄） irect-current. 

Freight  Service— 

Per  cent. 

Per  cent. 

Distribution   

70.5 

OG-O 

73-1 

84-3 

51-5 

55-7 

Passexuer  Service ― 

70.5 

00.0 

Locomotives  

61. 9 

87-1 

43-6 

57.5 

There  is  every  reason  to  expect  that  the  split-phase  system 
will  demand  fully  15  per  cent,  or  more  power  input  than  the 
direct-current  system  of  2,400  volts  for  equal  trailing  toimw 
movement,  actual  figures  depending  upon  the  j>ro]x>rtion  of 
freight  and  passenger  tonnage.  This  figure  is  based  uj>oii 
60-cycle  power  supply,  for  the  reason  that  many  of  the  innne- 
diate  ele-ctri fixation  projects  xuuler  construction  or  <ionteni- 
plated  are  located  in  territories  w  lie  re  this  frequenrv  is  firm  I  v 
established.  Where  25  cycles  is  available,  single -phase  powr 
may  be  taken  direct  from  the  3-pIiase  supply,  provided  phayo 
and  voltage  balance  is  maintained  by  suitably  located  sul> - 
stations  coiitaining  step-down  transformers  and  phase  con- 
verters. 】）ii*(v't-('unent  supply  will  be  more  efficiently 
obtained  throu^li  rotary  converters  in  place  of  motor  geiie- 
rator  sets.  The  eflicieiu-y  of  the  distribution  system,  as  "'ivrii 
above,  will  therefore  need  correction  for  2 5 -cycle  power  supply, 
but  will  result  in  no  material  change  in  the  relative  efficiency 
figures  quoted  for  the  two  svsteins. 

Installing  a  power-house  to  generate  .single-phase  current  ai 
25  cycles  or  less  introduces  all  the  serious  handicaps  encoun- 
tered in  single-phase  generation,  as  well  as  raises  questions  of 
general  expediency  and  adequate  return  on  the  capital 
invested  in  a  power  plant  devoted  to  supplying  railway  load 
onlv.  Advocates  of  single-])ha?e  t  rol  lev  distribution  have 
sometimes  failed  to  fully  consider  tlie  question  of  jx>wer  supply 
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availalilt'  as  having  ； my  Itcarni^  up'm  t  he  br()ad  ([Ucslioii  of 
electrification.  Not  every  railway  is  so  situated  by  reason  of 
oliaracter  of  load,  clieap  fuel,  or  oilier  favouring  local  con- 
ditious  as  to  justify  the  large  expenditure  for  a  generating 
M  ；! tiiiii  ('(intainiii^  ample  reserve  en pacity.  Appreciating 
fully  tlie  somewhat  higher  efficiency  of  the  split-phase  distri- 
buting system  if  single-pha&ei  power  of  25  cycles  or  lower  is 
available,  this  matter  is  so  local  in  its  character  that  it  may 
properly  be  looked  upon  as  a  special  condition  applying  only 
to  favoured  and  restricted  localities. 

A  study  of  the  general  plan  of  distribution  as  given  in 
Figs.  1  and  2  discloses  the  fact  that  where'  60-cycle'  power 
supply  is  available  at  attractive  rates,  the  general  statement 
can  be  safely  made  that  the  total  amounb  of  electrical 
apparatus  is  greater  and,  therefore,  the  first  cost  higher  and 
efficiency  lower  with  the  split-phase  than  with  the  dii'ect- 
current  locomotive  system.  Nor  is  this  state m-ent  modified  to 
anv  extent  in  the  event  that  power  supply  is  obtained  from  a 
25-cycle  3-phase  source,  as  it  will  be  the  exception  rather  than 
the  rule  tliat  any  power  coinpany  will  be  found  willing  to 
turnish  single-phase  power  from  its  balanced  3-phase  circuit 
when  the  pernicious  effect  upon  the  general  distribution  system 
of  a  violently  fluctuating  low-power  factor  single-phase'  load  is 
fully  understood.  Some  corrective  device  like'  a  phase,  con- 
verter must  be  introduced,  and  its  first  cost  and  efficiency  are 
both  comparable  to  the  rotary  converters  which  are  permissible 
with  25-cycle  supply  to  secure  direct  current.  It  would  seem, 
therefore,  that  the  complication  of  tlie  split-phase  locomotive 
system  renders  it  inherently  more  expensive  to  install  and  Less 
efficient  to  operate.  This  is  due  largely  to  the  fact  that  sub- 
stations are  required  both  on  the  ground  and  also  in  the  loco- 
motive cab  itself. 

Tlie'  single^pliase  trolley  circuit,  irrespective'  of  the'  type  of 
locomotive  it  may  supply,  constitutes  in  itself  a  most  serious 
handicap  to  the  adoption  of  any  type1  of  alternating-current 
locomotive.  Neighbouring  circuits  of  all  kinds  are  practically 
put  out  of  commission  by  static  and  inductive  disturbances 
unless  adequate  protective  measures  are'  introduced.  No 
inetliod  of  complete  protection  lias  as  yet  been  perfected, 
altliough  many  sclieiire's  havei  been  proposed  that  arei  partially 
successful.  The  elaborate  and  expensive  apparatus  now  being 
installed  upon  one  of  our  important  single-phase'  railways  will 
soon  be  in  operation  and  is  expected  to  give  relief  from  the 
present  serious  conditions  obtaining.  As  the  inductive  inter- 
ference of  the  single-phase  trolley  is  proportional  to  the 
intensity  of  the  current  and  distance  it  is  transmitted,  it  is  to 
be  expected  that  a  maximum  disturbance  will  result  in  the 
<  .!、r  of  mountain  grade  divisions  where  the  current  input  to 
t  rains  approaching  3,000  tons  gross  weight  is  several  times 
that  thus  far  met  with  in  any  single-phase  trolley  installation 
now  operating.  No  cost  estimate  of  single -phase  trolley 
svstcMns  is,  therefore,  complete  without  including  a  libe'ral 
allowance  for  telephone  and  telegraph  protective  devices. 
This  cost  will  probably  not  be  less  than  £500  per  mile  of  route 
and  ni ay  even  greatly  exceed  this  figure.  Even  with  such  an 
expenditure,  no'  assurance  i&  at  hand  that  hazard  to  employes 
and  interference  with  service  will  be  entirely  eliminated,  and 
until  HKJie  exact  knowledge  of  this  whole1  situation  is  available, 
single-phase  trolley  interference  constitutes  the  greatest  handi- 
cap to  the  adoption  of  any  alternating-current  locomotive 
system  of  operation. 

This  paper  is  largely  devoted  tc  a  coni})arison  of  alter- 
nating and  direct-current  motor  locomotives,  as  lack  of 
appreciation  of  the  fundamental  facts  involved  has  perhaps 
been  the  basis  of  the'  fals&  hopes  raised  as  to  tlie'  possible 
advantages  resulting  from  the  installation  of  the  single-phase 
trolley.  It  surely  doe's  look  attractive  to'  install  a  system 
employing  15,000  volts  on  the  trolley,  no  feeder  copper,  and 
no  rotating  substation  apparatus.  But  investigation  discloses 
the  fact  that  tlie  singie-phase  trolley  is  a  decided  menace  to' 
neiglibouring  circuits,  feeder  co;>per  is  required  for  return 
circuit,  substations  are  coniparable  as  to  first  cost  and 
efficiency  with  direct-current  substations,  and  finally,  t\\e 
alte'riialin^-currriit  山 ml  oi'  1  most  proniising  ty}>ei,  the 
so-called  split-phase  combination  of  induction  motors,  trans- 
former and  phase  converter  is  heavy,  expensive,  complicated, 
Miid  inefficient  to  a  degree  that  would  not  be  tolerated  in 
flir<M't-currei]t  construction .  Assuming  that  the  favourable 
results  of  factory  experiments  are  borne  out  in  the  success  of 
later  commercial  operation,  there  appear  to  be  no  controlling 
advantages  of  alternating-current  locomotiv&  traction  wliich 
cannot  be  secured  at  less  expense  and  with  greater  reliability 
in  operation  with  climl- (um'nt  motive  power. 


Until  the  adoption  of  inter-pole  】iiok>r  construction  made 
it  entirely  practicable  to  build  direct-current  motors  for  high 
potentials,  there  was  some  justification  for  considering  alter- 
nating trolley  systems  as  offering  the  only  means  of  changing 
from  steam  to  electric  motive  power  at  a  reasonable  first  cost. 
The  high-voltage  direct -current  motor  has  now  been  developed, 
built,  and  j) roved  completely  successful  under  the  most  exact- 
ing service  conditions.  The  trolley  potential  lias  been  raised 
to  2,400  volts,  which  seems  sufficiently  high  to  ensure  a  distri- 
bution system  of  reasonable  first  cost  and  not  too  h  lgh  to 
handicap  the  locomotive  as  regards  its  first  cost,  reliability, 
f  iid  operating  efficiency.  Experimental  results  already 
obtained  with  direct-current  apparatus  tested  at  potentials 
higher  than  1^,400  volts  indicate  that  no  constiniction  diffi- 
culties apparently  exist,  and  the  installation  of  a  higher 
voltage  becomes  an  econoinic  question  rather  than  an 
engineering  problein.  With  2,400  volts  direct  current  both 
protected  third-rail  construction  and  multiple-unit  car  open 
tion  are  feasible.  The  tliird  rail  offers  advantages  in  acces- 
sibility and  low  cost  of  maiiileiiance  on  single  track  roads  and 
multiple— unit  car  operation  is  without  question  tlie  proper  way 
to  take  care  of  local  traffic.  Furthermore,  2,400-volt  equip- 
ments can  be  successfully  ope'i'atecl  upon  the  lower  voltage 
terminal  zone  that  local  restrictions  may  make  necessary. 

The  direct-current  motor  is  fully  able'  to'  meet  all  the 
requirements  of  the  heayiest  passenger  and  freight  train  opera- 
tion, as  proved  by  the  entirely  successful  installations  now 
running,  and  wliich  afford  convincing  facts  upon  which  state- 
ments of  costs  and  operation  are  based.  No  such  condition 
exists  with  any  alternating  locomotive'  system,  and  such 
operating  facts  as  are  obtainable  are  not  of  such  a  nature  as 
to  inspire'  confidence  in  selecting  such  a  system  to  meet  the 
exacting  requirements  of  heavy  electric  railroading.  The 
engineering  facts  presented  herewith  are  offered  with  the  pur- 
pose in  view  of  clearing  the  engineering  atmosphere  pre- 
paratory to  the  s-erious  work  that  seems  to  lie  immediately 
before  us,  that  is，  the  problem  of  where  it'  will  pav  to  replace 
the  steam  engine  by  the  electric  locomotive. 


AIR  BRAKE  TESTS. 

Impoktant  iniprovenients  in  the  braking  of  heavy  passenger 
cars  were  described  in  a  paper  read  before  the  American 
Society  of  Mechanical  Engineers,  New  York,  on  the 
10th  inst.,  by  Mr.  S.  W,  Dudley,  of  Pittsburg.  Tests  were 
conducted  jointly  by  the  Pennsylvania  Railroad  and  the 
Westinghou&e  Air  Brake  Company,  and  the  results  are 
considered  the  most  important  recent  contribution  to  the 
subject  of  air  brakes.  A  train  of  12  steel  cars  at  60  miles  per 
hour  stores  up  224  million  foot-pounds  of  energy.  、  This  is 
sufficient  to  raise  the  entire  train  120ft.  With  prevailing 
brake  equipment  such  a  train  would  be  stopped  bv  an 
emergency  application  in  a  distance  of  1,600ft.  to  2, 200ft. ， 
according  to  the  truck  rigging  and  brake  shoe  design.  The 
tests  show  that  this  distance  has  actually  been  reduced  to 
1,000ft.,  or  to  within  the  length  of  the  train.  This  result 
has  been  attained  by  improvements  in  the  truck  brake  design 
involving  the  clasp  brake',  having  two  shoes  per  wheel,  and 
the  location  of  the  brake  shoe's  with  reference  to  the  hori- 
zontal centre  line  of  the  wheels,  in  addition  to  improved 
"let  hods  of  applying  the'  air  brakes  quickly  and  simul- 
taneously and  at  a  high  pressure.  The  tests  enij^hasize  tlie 
possibilities  of  impro\Tenient  in  efficiency  and  economy  in 
regular  service  operation  by  proper  attention  to  design  and 
installation,  in  order  to  permit  the  realisation  of  the 
flexibility  of  improved  air-brake  apparatus.  These  improve- 
ments centre  in  the  electric  control  of  the  brakes,  giving  quick, 
simultaneous,  and  responsive  action.  The  electric  control 
has  opened  the  way  for  maximum  effect  in  practice  of 
im})ruveinents  in  practically  all  tlie'  factors  involved  in  air- 
brake apparatus,  all  of  which  are  covered  in  the  develupnient 
rcprt'yeiiled  bv  these  tests.  .Tlie  tests  constitute  a  progrt^si\'(' 
(.Irvt'lupiiieiit  of  brake  rigging  and  brake  shoes  in  connection 
with  tlie  scientific  study  of  the  air  brake  as  a  whole 


The  Institution  of  Civil  Engineers. —— At  a  meeting  of  this 
Institution  held  on  the  lltli  inst.,  a  paper  was  read  by  M  i'. 
Adam  Scoil ,  M.lnsi.C'.E.,  on  "  The  New  Har1)our  Works  and 
Dockyard  at  Gibraltar. *'  The  paper  dealt  witli  the  new  works 
up  to  tlie  end  of  1905,  when  the  author's  connection  with 
iheni  ceased,  and  when  all  the  principal  portions  of  the  works 
were  cumiileted. 


February  13，  1914] 


THE    I\IL;CIIANICAL  IvXGIXIvICR 


I."*!) 


BRASSES  AND  MUNTZ-METAL. 

T.ow-iiiiass,  Iii^li-hrass,  Muntz-meial,  lironzc  and  ^ilflin^  a  re 
tin1  common  brass  mixtures  use<l  in  the  t  radc,  alt  liou^h  tl"'iv 
are  a  munher  of  others  less  extensively  used.  1 1  i^h-hrass  is 
t  lie  most  comnioii  variety  is  known  as     common  hi'ass," 

- and  it  contains  all  tlie  way  t'nmi  (>1  \wv  coni .  to  70  per  cciil . 
of  eop])er  (the  remaiiulcr  Ixnng  zinc).  S])iiini!i^-l>ra^s, 
cart  ri(l^e-brass,  (lippiiig- l>ra、s,  di'awin^  brass,  and  screw-rod 
are  all  high-brass.  Screw- rod  contains  sovt'i  al  |"'r  cciil  . ('〔 
lead  in  order  to  make  t lie  Ijrass  cut  frt-clv,  hut  the  ol  ln-i- 
varieties  are  free  from  it.  T^ow-hrass  is  a  soft  t*r  varictv  t  ha  n 
the  higl 卜 brass  and  is  used  wliciv  more  st  rclrli  is  recjuired  in 
drawing  or  spinning.  1 1  is  also  us(hI  for  bi'azing,  as  it  inclt s 
at  a  liigher  t  empecat  ui  e  t  han  brazing  solder,  wliich  is  not 
the  case  with  tlie  hi^h-hrass  mixtures.  Low-brass  cont ains 
from  75  per  cent,  to  80  per  cent .  co])])er  and  the  remain 山1 r 
zinc.  If  more  copper  is  contained  in  1  lie  mixture,  t lie  ('()l(;ur 
hegiiis  to  change  to  an  orange.  The  colon r  of  low-hiass  is  a 
greenish-yellow  and  it  is  tlie  most,  beautiful  of  anv  of  1  hf 
mixtures. 

Miuitz-motal  is  a  1>rass  mixture  containing  GO  per  cent -  of 
co])per  and  40  per  cent .  of  zinc  It  is  used  berausei  it  will 
roll  hot  and  is  ('lieaj)er  1  han  t  !ui  other  rnixt  ures.  1 1  is  far  less 
used  at  the  present  time  than  formerly,  when  it  was  employed 
for  sheathing  wooden  ships.  It  lias  been  found  to  disintegrate 
under  sub\\  conditions,  however,  and  copper  is  now  used  in  it  s 
place.  Any  brass  mixture  that  contains  even  more  zinc  is  also 
a  Muutz-metal  mixture,  as  it  will  roll  hot.  The  now  well- 
known  extrusion-metal  is  an  example  of  t liis  kind,  and  it 
contains  55  per  cent .  of  copper  and  45  per  cent,  of  zinc. 

Gilding  is  a  gold-coloured  mixture  of  copper  and  zinc  and 
consists  of  90  per  cent .  of  copper  and  10  per  cent,  of  zinc.  It 
has  a  gold  colour,  although  not  as  rich  as  pure  gold  or  its 
alloys.  It  is  used  when  an  imitation  of  gold  is  required,  and 
there  a  re  many  instances  in  which  it  is  employed,  such  as,  for 
example,  in  the  manufacture  of  cheap  jewellery. 

Bronze  is  a  gilding  mixture  with  the  addition  of  a  little 
tin,  aiul  the  favourite  mixture  is  90  per  cent,  copper,  9  per 
cent,  zinc,  and  1  per  cent.  tin.  For  the  majority  of  purposes, 
however,  the  straight  gilding  answers  equally  as  well  and  is 
generally  employed.  A  number  of  oilier  mixtures  of  l)ronze 
are'  used,  of  cours &，  depending  upon  the  u&&  to  which  they  are 
to  be  put .  Ordinary  bronze  for  rollijig,  however,  is  t  lie 
mixture  previously  given. ― "  The  Brass  Worlcl.'* 


INDUSTRIAL  AND  TRADE  NOTES. 

Light  Railway. ― The  Board  of  Trade  have  recently  ronfirniod  tlie 
undormontioned  Order  niado  l»y  tlie  Li^lit  Railway  Cornniis 
sioiKM-s  :  Moi  thyr  Tydtil  LiVht  Railway  ( Aim'mlim、nt>  Ordor,  101  I , 
amending  the  Morthyr  Tydfil  Li^ht  Railway  Order,  18i"). 

Closing  of  Rolling  Mills. 一 I>y  the  closing  down  of  tlie  Newport  llolling 
Mills  of  Messrs.  J.  Hill  &  Co.,  ]\Iidtllesl»rouo;h,  about  .")-■>()  dhmi 
liav«、  hoon  thrown  out  of  omployiiuMit.  Tt  is  understood  that  the 
site  on  which  the  works  stand  lias  hoon  a ('屮 lin'd  l»y  Sir  H. 
Sa niuelson  iS:  Co.,  Ltd.,  and  the  latter  company  doo.s  not  intend 
to  carry  on  the  rolling;  mills. 

Amalgamation  of  Weighing  Machine  Firms.— Two  wt'll- known  firms  of 
wei^hinu;  nuu-hiiu'  and  scalo  ma  mi  t'actmvrs,  W.  A:  T.  Avery,  Ltd.. 
and  Henry  Pooler  A:  Son,  Ltd.,  have,  wo  understaiHl,  ;u  ranmnl 
to  ainjil^amat*'.  Subject  to  approval  of  tlu>  sharclioldt  rs  tho 
directors  ol    Henry  Poolcy  t、'  Son,   Ltd.,  :ipi)rm、'(l  of  tlie 

term-s  of  an  ； i^rcoinoMt  ior  tlie  sale  of  the  company's  Imsitu'ss  ； is 
i'roni  V,>Pt,'ml"'r  .'")th, 】9",  to  、V.  A'  T.  AvtM  y.  Ltd. 

Board  of  Tra  c  Appointments.— The  survey  staff  of  tlio  Marin*' 
D^pa rtment  of  the  Board  of  Trado  is  shortly  to  ))t-  i:iriva、t'<l  1>、 
a  sniull  numl)i'i*  of  additional  appointments  to  t'acli  (>i  tho  three 
grades ― engineer  surveyors,  ship  survoyors,  :u'd  iiantical  sur- 
veyors. The  salaries  oonimenco  at  £200,  rising  to  £'400  pt'r 
iimuini,  and  surveyors  are  eligil,l(、  tor  promotion  to  liigl""'  pouts, 
rising  to  i'oOO  p(、r  anmun,  Ac.  I  uteudiiiu;  applicants  should  appl.v 
to  tho  Assistant  Socrota ry,  Marine  DcparLiiieiit,  B(>:u'(l  of  Trad*'. 
Whitehall  (iardens,  Loudon,  S.AV. 

Infringement  of  Messrs.  Reddaway's  Trade  Mark.— In  tho  Lancashire 
ry  Court,  ^((Hiclu'stor,  on  Monday  last,  Messrs.  1'、. 
Keddnway  A'  Co.,  Ltd.,  of  、r"11('l"、st<"',  applied  lor  ;ui  injunction 
to  ivstram  Wt'ssrs.  John  Taylor 《、- Co.  ( Watortoot ),  I'td.,  t  n、m 
nifriiitrinu;  a  rouistoml  trade  mark,  and  from  us'\u^  tl">  words 
"camel  hair  "   as  descriptive  oi'  l>elting  not  of  tho  plaiiitili's' 


nianiil'aftiii**.  Tho  plaintiffs  wov^  well  know n  nianiifartnn  i、  "1 
"camel  hair  M  hcltin^,  and  tl"',v  (oi"|'la""'(l  ot  the  i 卜 '- "I  that 
torni  \ty  t\w  (lHV，"l:uits.  A  writ  h:ul  liocn  issued  and  notif<fc  ot 
inotioii  served  w  it  Ii  ;i  miml">r  of  affidii vits.  Tli'' 山"、 卜 i,m、 
consented  tr>  ;i  porp^tiial  itijinict  ion,  t(>  pay  a  fiwl  "iin  of 
<laniii^cs,  and  ulso  tin*  taxcil  cosl s. 

Trade  Circulars.— liavo  received  from  tlie  (': 门 i 山 ri(l^  S'  "'"t ilif 
I  nst  MiiiKMit  ('oiiipiuiy  some  ii 山' n'stii'K  ci rcii lars  n-lalin^  to 
thermometers  oi'  special  kinds  ioi-  、'； irious  iiulnstrial  pni  posfs.  ntn\ 
especially  engine  and  boiler  work,  with  all  kinds  of  attarhmentn 
t(>  pt'rmiL  ot  tlirir  ； i ioii  in  positions  tliat  ii，v  nr>t  r, -、、 
to  instrtinicnts  ol  the,  ordiimr.v  kind.  Tli''  Sun  Kl«*rt ii<;i I  Com 
p""y,  ('liarin^  Cross  Hoad,  London,  send  'is  some  (ir(iil:"、  :nu\ 
prict'-lisls  of  (小、 （  trie  hunps.  ciK-loscd  w  atn  |>i o(»t  l"'ll、  toe  si^iuiU 
"ii'l  fire  alarms,  A*c.  Also  of  small  motors,  hoth  AC.  D.C. 
typo,  I'm'  small 山 ills,  sewing  ma<  li i nos,  ami  tli,'  mill titiidi*  liltl,' 
appliances  for  w  fiich  tli,'iv  is  ；!  ("ii、"lt'i:il,|"  imI.  B"rmi:,r. 

Ltd.,  10，  Poland  Street,  Oxford  Street,  London,  W..  send  iih  an 
int(M-(vstiii<i  little  Ijrx.klrt  mtitlwl  ' '  ( ; 1 1 r:i i 山' I  Wt'ldiu^  K,'|""i、 
l».v  Hiiriina  r  l)m(vss'''  containing  illustrations  ot  aliimiiiiiim 
<'i'inik  rhamhi»rs,  cylindtM-s,  crank  slmt'ts,  ^nv  wheels.  tV<-.,  w  liicli 
li;u',>  hiMMi  poriiKMHMitly  iriKiiicd  I iv  tli"  Marimar  u、'l(lii'^  pioccss. 

Employers  and  the  Trades  Disputes  Act.  -  .\t  in'  iiiilc  ol  tin-  Km 
plovers'  l^rliaincMita ry  Council,  held  at  '2.1.  Victorin  St  iv.'t . 
Wostnii nstcr,  mi  the  Ith  inst.,  to  consider  ltu>  ^ritvc  indnstriai 
•s'tnation  due  to  ( lir  Trades  Disputes  Act,  and  lli<>  mu  lH'rU'l 
conspiracy  oi"  luljonr  unionism  ii^ainst  |»r  i  v;ito  I  rt-rdom  nut] 
piihlic  wcliai'c  ； irran^tMHonts  、、- ("v  made*  to  hold  a  mass  m' 屮 ting 
"1  rcprt'scntatives  ol  tin1  Associations  ot  Kni|)lnycr>  (-， "i 
、vidi  th(、  var:ous  iiulustiics  in  tlie  I'niicd  Kingdom  to  nr^p  ii|""， 
t!l°  "ovei'imi'mt  tlie  for  an  ciM|iiiiy  ii:to  tln>  u  orkinu  and 

tho  offsets  of  tl":  Act,  tocletorniine  whether  Ui,'  pirsriit  ititlini]t«-fl 
"iv;i  in  which  picketing  in  unlimitfd  mm 山,、 is  may  I"'  (； irri,'<l  on 
slmiild  not  I)c  ivstri('t('(l  iind  the  miiimIxm-  of  pi(l"'ts  n^ulatcd  dv 
St;»hit(>,  whether  combinations  lor  (lisor<ranisin<j;  trading  anil 
social  conditions  should  not  ho  made  tinlaufnl,  and  "li，'tli,7  it  is 
not  of  national  iiit(、n'st  that  all  nnions  slioutd  1"、  sulijpctod  tn 
the  ordinary  hi u       the  ;hkI  mado  rcsponsihlo,  ]ik(>  all  other 

classos,  for  their  actions. 

State  owned  Railways.— Ilaihvay  nat  ionalisnt  iori  forme.l  tlie  sul.ject 
nf  11  conference  at  tho  M.Mnorial  Hall,  Farrin^lon  Stroet,  on 
Saturday  last,  \\1umi  societies— trade  unions,  political  or^nni- 
sations,  oo-oporative  societies,  and  other  hodios— woro  ivpr<>st>:tf>(l 
，)v  (Ho  dolomites  prostMit.  Tlio  mooting  Mas  (all.-d  l)V  tho 
H;u,uay  XatlonaIisation  Society.  Sir  J.  Compton  Hickott'.  ulio 
prosuled,  said  tlie  caso  ior  nationalisation  was  growing  stronwr 
<la-v  h>T  da'v  "ith  tho  increase  of  population  and  thv  dst  indus- 
trial growtl  of  tho  country.  The  competition  between  different 
oonipani^s  forced  economios  upon  tlu'm,  uhirh  tondtHl  to  (mutoju-Ii 
ui 则 the  margin  of  safety.  A  national  、、、u'm  、v:l、  tho  nnlv 
U1  whlch  a  satisfactory  solution  could  !jo  found.  Mr.  Kmil 
L|avl0S  moved  the  following  resolution  ：  "  That  bavin-  K"ard  to 
tie  importance  of  cheap  transit  and  transport  to  all  Motions  ,>( 
the  community,  nnd  in  vi('、v  of  the  fac-t  that  anv  advanta-o  tl.^t 
nu!-v  I,avt -  at,(,nitl<1  competition  kt、、('t")  tho  railunvs  !s  mnv 

,ixll:lllsted'  thls  conforonce  is  of  opinion  time  a  nntional  uniHed 
systtMii  um.lfl  niako  for  ocononiy,  hott*M*  sovvico,  and  p.il.lic 
、：山 'tv.  i  ho  rosohition  was  carried  、、itl:  the 山小' tio"  oi  tlio 
！ V)r.(is     '*  and.    111     vu>w     of  tact     that     anv  advanta-o 

tlmt     may     have     iiccnuHl     irom     conipctitioii     U'tww"  tl"、 
ua.vs  is  now  oxliaustod."     A  (.l:ms。  was  also  ad(h><l  unnn- 
the  ("°^rnnuMlt  to  山"' tho  question  at  tho  oarlit^st  P(、、、,l^ 


Nottingham  Society  of  Engineers.- At   a  t|lis 

■^Clet>'!  hel^  011  Wednesday  last,  n  paper  on  •  Detective  H„il,r 
^Iwmtmgs    was  rea(l  l,y  M,,  |,，.  \V.  'sisscJ|1   0|-  t|le  Vul(,;1M 

Boiler  and  General  Insurance  Company.  The  author  dealt 
in  an  interesting  nianner  witl.  safety  valves,  water  cr;ill^s 
pressure  gauges,  blow-off  cocks  and  pipes,  fusible  plu^  ,°ton 
、； a  ves;  feed  valves,  and  manholes,  directing  attention  to 
detective  types,  and  emphasising  the  in.poVtan.e  i"  tlie 
iii!ei'ests  of  public  safety,  of  emplovii.u  only  iHtin^s  „f  . 
reliable  type. 

Junior   Institution   of   Engineers:    North-Western  Section  \ 

"?>tmg  of  this  Section  was  lield  in  Manchester  on  the 
6th  inst.,  wlien  a  discussion  on  "  Systems  of  Li('litim' w,s 
°I)e,ie^  by  Mr-  George  White,  who  Was  stronglv  in  favour  „f 
incandescent  electric  lights.  In  the  discussion  wlncli  follow,-, i 
yanous  members  advocated  the  claims  of  most  of  tlie  otlier 
5"own  systems  of  light  in-.  The  followin?  took  part  in  thp 
disoussion  ：  Messrs.  M.  Hircl.  N.  G.  Smith,  A.  W  CW:m 
Eaves-  E.  le  Low  La.nl..  A.  II.  Hl.uk,  E.  J.  Cluistian' 
W.  B.  Dale,  C.  H.  Pricharcl,  and  Hnn  e. 
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NEW  PATENTS. 

Specifirations  of  〃'''  folhnr'uuj  are  now  puhJish  al,  a  in  I  irr  ,、■/'',〃 
be  pleased  to  jonrurd  copies  post  free  on  receipt  of  Khl.    .4 "'//'  ■、.、 
■  Mt  chan'iral  /:/''./'./"'''/'，，，  53,  New  Bailey  Street,  ^fancflfstrr. 


MECHANICAL  1912. 


Turho-electrie  machines. 
Drills  and  drill  holders. 
Atomiser  for  oil  engines 


Jlolie.  23689. 
Scott.  26452. 
Griffin.  29015. 

1913. 


SttH  iino;  and  controlling  steamships.  Wliittakor  &  Cooper.  llUi>. 
Mould-manipulating  tables  used  in  casting  of  metals.     Perm  an, 

and  Forma n  、、-  Co.  1517. 
Joint-making  rin<j;  tor  nianliole  doors.  Snowdon. 
C'arhuretters  tor  i nternal-conihustioii  engines,    lieswick.  1— >";■ 
Apparatus  for  heiului^;  and  welding  chains.    AVilke.    1641. , 
B:"k  hieing  devices  tor  lathes.     MilltT  A:  Gisholt  -、i"('!iim'  C'nm 

pany.    1731.  , 
Wfought-metal  wheels.     Brown,    and   Chas.   Mackintosh   &  Co. 

1700. 

Gas-fired  furnaces.    Tooth.  1772. 

Formation  of  gear-wheel  teeth.    Parsons  it  Cook.  1844. 
Kluid  flow  meters.    British  Thomson-Houston  Conipnnv.  1914. 
Safety  appliances  for  pit  cages.    Anderson.    U)  il. 
File-cutting  machines.    Law  &  Baines.  2444. 
Carburetters.    Bnuteillo.  3381. 

Friction  clutches  and  couplings.    Taylor.  ^42(1.  _ 
Consuming  smoke  in  steam  boilers.    Whiteley.  5270. 
Washers  tor  locking-nuts.     Franklin  A-  o-Vil. 
M'ater  meters.     Hrodie.  5894. 

\':ilve  tappets  for  fluid-pressure  engines.    F**iiii.  7078. 
Conveyers  for  use  in  coal  mines.     Mowman  A*  Jaokson.  7'2i)\. 
Wrenches.    Moss.    7468.  ―  _ 

Starting  devices  for  internal-combustion  engines.  Kettering. 
Automatic  couplings  for  vehicles.    Street.  8496. 
Apparatus  for  oporatinp;  the  points  of  railways  and  tramways. 

Thomson.  8728. 
Fluid-oporated  rn^inos.     Kt'(  tm  -     "  t-VJ. 

Vacuum  luake  apparatus  for  railwny  v<'hiclos.  (； roslinm.  10148. 
Fluid  compressors  or  ptinips.  lUohards.  10(i78.  • 
Liquid  fuel.     IV  Comiio  t 、-  (^uinaux.  111(;7. 

Metal-plate  IxMidin^;  machines.  A.  Kin^horn  &  Co..  :ui(l  Walkor. 
l*218o. 

Stt'uni-cn^ine  indicators.    Clyde  &  Dohliio  Meltings,  Ltd.  1-^)；^. 
Water-tiihe  marine  steam  boilers.      Soc.    Anon.    Itnliana  ("(>. 

Ansaldo  A'  Co.    1331:3  and  13314. 
Boring  tools.    Nevin.  13889. 

Mufflers  for  engine  exhaust.    Fairweather.    13931 . 

Foiii-<'vcle  intern al-conihusti on  "iigim's.     卜， rril'cr^;'  l'，r('il'('» 乂，  and 

Petzsche.  14090. 
Means  for  supplying  heated  suppU-iiicntal  ； lir  to  iiitt'nial-coniltus- 

tion  engines.    Johnson.  14508. 
Vaporizers  or  heaters.    Mellersk-Jackson.  14(>2o. 
In  tenia  lconihustion  enginp.    Beyer.     1  "'H ' 

Apparatus  for  lighting  railway  cai  ria^^s  with  gas.  Julius  PiiitM'li 

Akt.-Ges.  15038. 
Oil  burners.    Heinson.    1 5631 . 
Elastic  fluid  pumps.    Miles.    1  •">(；( i'2. 

Process  of  rolling  thin-wel)hed  I  and  H  I"' 謂 s  l>y  mt':ms  of 
universal  mills.    Deutseli  Luxenilnir^isclu-.    1  (>47i). 

Liquid  -hiel  injection- device  for  intprnal-fomhustioii  (''igii"'s- 
Veltman.  16902. 

Stt-ani  m'  gas  turbines.  Aktiebola^et  Ijjimgstroms  A"gt"rl)i". 
17335. 

Punching  macliines.  Cameron,  and  John  Cameron,  Ltd.  1 7o54. 
Automatic1  air  ln-ake  apparatus  tor  railu  ay  tr;ii".，.  Aird.  18845. 
i\ otary  cranes.    Kimmel.  L)(>:)()7. 

Atotnisinji;  apparatus  for  washinfj;,  pui  ityin^;,  ； m(l  ^as;'s. 

Theisen.  21427. 
Luhricators.    Knebel.  21760. 

High- speed   rotating  hodies.     Soc.  Anon,  pour  l\'X|>loitati<)n  (Ips 

procedes  West  nghouse  Leblanc.  222o(>. 
Variahlespeed  gearing.    Pedersen.    22581 . 
Tw o-stroke-cycle  engines.    Hoitnstield.  '2細；5. 
I'lxjiansion  joints  for  steam  pipes.    I)rr、vrv.  25110. 
Preventing  accumulation  of  fire  (lamp  in  coal  mines.    K onipor 

tnann.  2^18. 

Two-stroke  i ntwnal- c'onil 川 stion  engines.    Nydahl.  2G()o2. 
liall  hcDi-in^s.     A kti*'lMtl;i^ct  Svenslva  Kull;i^<'ri';ifn'ikon.  2(i(K>4. 
Sto|>  valves  or  cocks.    Kill>iirn,  and  J.  Ho)>Uinson  &  Co.    I'*)  1  •"><). 
(irindino;  macliiiuv-i.     ClmrHiill   Miic'iim*  Tool  ( '"mp;i ii.v，  M:ir('h, 

and  Asl>rid»re.  2()5；")9. 
M*'(  liaiiical  st"l"'rs  iW  Koilcr  I  u riuifcs.    MaivoUy.  27057. 


ELECTRICAL,  1913. 

Supports   lor  tli(、  filamonts  of   incaiul**sc  'lit   lamp^.     Uou \  and 

Sanchez.  1442. 
"Dimmers"  tor  electric  lamps.    Middlciniss.    1 4(i7. 
l':l<'('Lrir  motor  control  systems.     Siemens  Bros.   Dvnaino  Works, 

Ltd.,  Lydall,  and  D;'l"、.  loOl. 
'['•'IfplioiH1  ('xdiaw  systems.    、、','st''rn  Klectric  C%)inpany.  1902. 
Hhi»ostats  tor  controlling  clectiic  motors.    Swan.  6226. 
I  iisii  Intors    for    lii^h  tension    oil  inimtM-scd    cloftrical  apparatus. 

Bitter       Wcissitcrjj;.    7 (»■")'；. 
Method  of  operating  rotarv  converters.      Hailing   &  (iarrard. 

10841. 

Apparatus  for  autoinaticallv  starting  or  hrakinjz;  electromotors. 

.Metallic  vapom-  electric  lamp.     Kcrschhauin.  11991. 

Arrai wnu'nts    tor   converting   fontiniious citricnts    in  to  isocliro 

ii nous  undulatorv  fiu'rents.     So*-,  (h's  'IVh'grapl"'s  Arultipl(»x. 

14122. 

Controlling;  me  a  ns  tor  «*ltH'tric  motors.     Otis  Elevator  Coinpan  v. 
1;>571. 

Telephone  exclian^e  systems.    Wt>s"'rn  Company.  l(i'2(J7. 

Manuhictiwin^;    an    electric    lamp    tilanuMi  t    containing;  colmlt. 

Kanazawa.  16481. 
Induction  coils.    Hioi-th.    221  ~)(), 

Discharge  tuhe  with  incuiKlescent  cathodo  ami  onclosod  v;i|"»iir 

forming  body.    All^emeine  Elektricitats  Oos.  22816. 
I': 卜 （  trie  fuses.    Young.  27641. 
Sparking  plut;s.    Po^non.    2S2(u . 

Ai  ran^cmiMits  tor  destrovinti;  I'esidual  niagiu'tisiii,     Ki'i (？ (1.  K nipp 
Akt.-Ges.  28715. 


METAL  QUOTATIONS. 

TUESDAY,   FEBRUARY  I 0th. 

Aluminium  ingot    80/-  per  cwt . 

,,         wire,  according  to  sizes,  &e  from  112/-  " 

,，        sheets        ，，           "                    "  1 12/ -  ，, 

Antimony                                               £27/10/-  to  £29/10/-  per  ton. 

Brass,  rolled   l\d.  per  lb. 

，，    tubes  (brazed)    9jjd.  ，， 

，，       ，，     (solid  drawn)   8{d.  ，, 

"       ，，      wire    7j;d.  ，， 

Copper,  Standard   £0.5/17/0  per  ton. 

Iron,  Cleveland   51/0  ,， 

，， Scotch   57/0  ，， 

Lead,  English    £19/15/-  ,, 

,, Foreign  (soft)    £19/12/0  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,，           ,，           ,，       medium   3/6  to  6/-  '， 

，，           ，，           ，，       large   7/6  to  11/ -  ，， 

Quicksilver   £7/10/-  per  bottle 

Silver   26^Td.  per  oz. 

Spelter    £21/7/(>  per  ton. 

Tin,  block   £183/15/- ，， 

Tin  plates     13/3  ，， 

Zinc  sheets  (Silesian)    £25/-/-  ，， 

,•          (Stettin  ；  Vieille  Montagne)   £25/2/G  ，， 


Coal  Dust  Explosions  in  Mines.— Prof.  H.  B.  Dixon  delivered 
a  lecture  at  Manchester  University  on  Monday  last,  on  experi- 
ments made  at  Eskmeals,  Cumberland,  on  the  problem  of 
explosions  in  mines  with  a  view  to  their  prevention.  The 
Government,  he  said,  spent  a  considerable  sum  of  money  in 
carrying  out  thes©  experiments  at  Eskmeals.  The  chief  tiling 
they  had  done  up  to  the  present  was  to  test  under  what  con- 
ditions coal  dust  spread  throughout  a  mine  could  be  stopped 
from  igniting,  what  were  the  conditions  tor  producing  the 
initiatory  explosion,  and  how  could  they  be  prevented.  They 
found  that  once  the  explosion  had  travelled  some  distance 
it  behaved  like  a  gas  mixture,  increasing  in  violence  and 
in  velocity,  and  that  the  flame  was  more  difficult  to  extinguish 
than  a  flame'  that  had  only  just  started  on  its  course.  They 
found  that  the  method  that  was  first  tried  on  a  practical 
scale  by  Sir  W.  E.  Garforth,  at  Altofts—  that  of  mixing  coal 
dust  in  the  mines  with  inert  dust  was  effective  in  stopping  the 
initiation  of  an  explosion.  If  they  spread  inert  dust  all  over  a 
mine  they  could  not  fire  it  because  there  would  not  be  a 
sufficient  run  of  flame  to  set  it  on  fire  or  propagate  an 
explosion.  The-  inert  dust  remedy  really  consisted  in  this  . 
that  tlie  same  cause  that  threw  up  the  coal  dust  into  a  cloud 
ami  made-  it  possible  to  ignite  it,  also  threw  up  the  inert  dust , 
which  could  put  out  the  flame.  Prof.  Dixon  said  the  Govern- 
ment had  granted  sufficient  money  to  allow  experiments  to 
he  contimied  for  another  year. 
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=FLEXIBLE  

METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,    Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  m 

ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD  OFFICE: 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
Works :   PONDERS   END,  MIDDLESEX. 

Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 


The  "  PERFECT"  VISE 


E.  Dept.       j.  PARKINSON  &  SON,  SH1PLE/  ,  YORKS 

Fowler's  Mechanics  &  Machinists' 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 

The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  thousands  were  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 
Price  8d.  post  free. 

SCIENTIFIC   PUBLISHING  COMPANY, 

53,  NEW  BAILEY  STREET,  MANCHESTER. 


Telegrams:  "Scientific,"  Manchester. 
Telephone  No.  6655  City. 

SUBSCRIPTION  RATES. 

United  Kingdom  ：  12/6  per  annum,  post  free. 

Canada :  14/6  per  amumi，  post  free. 

Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition 

t  ，  21/-*       ，，  "  Thick  ，， 

*  Foreign  Itcniittances  by  International  Money  Order  only. 

Note.— Direct  annual  .subscriptions  include  a  Free  Copy  of 
bowler's  u  iMcelianical  Kiigiii, l，o(  l"'t  B'">k." 

Cheques  and  Postal  Orders  shoulfl  I"'  m:""'  |,;»v..l(K.  t..  tf,''  >,-,.. ntifu 
I  ubhshing  Company,  and  forwarded  bo  our  Manchester  Office 
oa,  New  Bailey  Street. 

Advertisements,  displ;t  v«"l.  \m  iii.srit,,Hi  m  ,  mivnf  i»,lf>  、h,mld 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
mmiim,  ;md  sm;il[  pn'1);iid  ； l(hn(  isnnonts  not  Iat*>r  t}i;in  \u  ^ 
post  Wednesday  morning. 

The  Explosion  of  Compressed  Gas  Cylinder  on  the  "  Maurctania." 

Tm:  ovideno©  at  tlic  adjouined  inquest  held  at  Liverpool  on 
Frklay  Jasl  on  the  four  men  who  were  killed  hv  t  ln>  lmrstui^ 
of  a,  bottle  oi  compressed  gas  oil  board  the  Cunarder 
"Mauritania"  on  the  2Gtli  ult.  while  some  workmen  were 
conducting  brazing,  operations  in  coimeclion  with  repairs  to 
one  of  her  turbines,  illustrates  ouoe  more  the  fallil»ilit  v  "「  1  li(、 
luimau  element  and  llie  occasional  disastrous  results  of  it  in 
lueclianical  operations,  in  spite  of  all  precaution.  ( 'mi 屮 rpssf'l 
oxygen,  hydrogen,  coal  gas，  &u.，  are  extensively  eniploye'l  f  。r 
welclin^  and  illuininating  pm.p 醫 s，  and,  as  oxv^m  ； ni'J 
hydrogen  tonn  ； i  dangerously  explosive  mixtiuT,  |>rrr;u".ions 
have  to  be  taken  to  differentiato  cylinders  containing  tiieso 
gases,  witli  a  view  to  prevent  them  getting  mixed  when 
cylinders  are  being  recharged.  Cylinders  containing 
hydrogen,  or  coal  gas  (a  liydrogen  compoimd),  are  paint^l  red 
and  fitted  with  sx-rew  nozzles  having  a  left-handed  thread  ； 
while  cylinders  containing  oxygen,  or  air  (a  mixture  of  oxygen 
and  nitrogen),  are  painted  black  ami  fitted  with  a  right- 
handed  thread.  These  two  preventive  measures  would  seem 
infallible  against  accident  or  oversight,  aiul  that  notliin^ 
short  of  deliberate  malice  could  render  thoin  futile.  This 
disaster,  however,  showed  how  a  little  carelessness  renrlercW 
both  measures  futile.  For  the  brazing  operations  in  question 
a  cylinder  of  compressed  coal  gas  was  being  used.  It  was 
painted  the  right  colour,  but  the  men  using  it  found  tlie  thread 
of  the  nozzle  did  not  correspond  to  this  colour,  ami,  instead 
of  becoming  mistrustful  and  putting  the  cylinder  aside  for 
enquiry  as  to  its  contents,  they  proceeded  to  fit  a  screw  adaptor 
to  make  the  necessary  connections  and  lighted  the  gas  at  the 
issuing  jet.  It  was  then  noticed  that  the  flame  did  not  burn 
properly  and  that  heat  was  travelling  along  some  30ft .  of 
rubber  tubing  connecting  the  jet  with  the  cylinder.  This,  and 
the  defective  flame,  did  apparently  give  rise  to  a  feeling  tliat 
something  was  wrong,  but  before  its  magnitude  aud  nature 
could  be  realised,  tlie  cvlinckr  burst  with  terrific  violence  and 
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disastrous  results.  While  tlie  use  of  tlie  adaptor  was 
unjustifiable,  it  did  not  in  itself  explain  why  the  cylinder 
burst,  or  the  flame  travelled  back  tlirougli  the  connecting  pipe, 
for4  coal  gas  in  itself  is  not  explosive ~ that  is  to  say,  a  jet 
escaping  under  pressure  into  the  atmosphere  simply  burns 
with  a  flame,  just  as  it  does  when  it  escapes  from  the  ordinary 
gas  burner.  The  explanation,  liowever,  was  in  ad  ©  at  the  inquest 
by  the  manager  of  the  British  Oxygen  Company,  who  said 
tliat  tlie  cylinder  had  originally  been  black  and  charged  with 
oxygen  at  thedr  works,  but  bad  1>een  returned  to'  their  works 
coloured  red  for  recharging,  and  that  a  residue  of  oxygen  in 
the  cylinder  had  then  become  mixed  with  a  charge  of  coal  gas 
and  thus  produced  an  explosive  mixture  which  would  '  back- 
fire." The  extremely  violent  explosion  which  occurred  would, 
however,  hardly  have  been  account&d  for  had  the>  oxygen  con- 
tent only  been  that  of  th©  cylindei?  at  atmospheric  pressure,  as 
it  would  have  been  had  the  residue  in  tlie  cylinder  been  blown 
off  in  accordance  with  their  usual  practice,  and  he  suggested 
that  there  may  have  been  a  blockage  in  the  stop  cock  wliich 
prevented  its  escape,  and  in  this  way  a-  considerable  quantity 
of  oxygen  was  mingled  with  the  charge  of  coal  gas  when  the 
cylinder  was  s&nt  out  again.  To  what  extent  this  was  the  caso 
it  was  impossible  after  the  accident  to  say.  Tlie  suggestion 
offered  certainly  *would  account  for  the  explosion,  though,  in 
view  of  the  precautions  as  regards  colour  and  charaoter  of 
thread,  it  would  &»&m  a  waste  of  gas  to  blow  off  residue  merely 
to  re-recharg©  a  cylinder  with  the  same  constituent.  At  least 
we  think  it  would  seem  so  to  the  average  workman ,  and  that  a 
breach  of  the  salutary  rule  regarding  blowing  off  might  easily 
occur.  Apart  from  this,  however,  the  fact  remains  that  the 
thread  on  the  cylinder  did  not  agree  with  the  colour  of 
cylinder,  and  it  sa&ms  rem arkable-  this  discordance'  was  not 
discovered  by  the  British  Oxygen  Company  in  the  first 
instance,  far  they,  more  than  anyone,  would  know  the  import- 
ance of  colour  and  screw  thread  relatiousliips  1>eiiig  strictly 
maintained  to  prevent  risk  of  explosion.  While,  therefore, 
the  workmen  on  the  ship  were  guilty  cf  n&glig&nce  in  using  a 
screw  adaptor  to  the  cylinder,  the  company  who  supplied  it 
cannot  be  absolved  from  blame,  and  this  was  evidently  the 
opinion  of  the  jury,  for  they  returned  a  verdict  to  the  effect 
that  "  the  explosion  was  due  to  the  cylinder  being  sent  out 
filled  with  a  mixture  of  ooal  gas  and  oxygen,  and  was  contri- 
buted to  by  the  servants  of  the  Cunard  Company  in  making  an 
adaptor  and  disregarding  the  right-hand  thread  of  the 
cylinder."  We  doubt  not  the  lesson  of  the  disaster  will  be 
taken  to  heart  by  the  parties  immediately  (.•oncerned,  a 1 1 f I  it. 
is  to  be  hoped  also  it  will  not  be'  lost  on  others  who  may  at  any 
time  be  using  cylinders  of  compressed  gas.  No  cylinder 
should  be  used  if  colour  and  thread  do  not  correspond,  and 
the  colour  should  n&ver  b&  tampered  with.  According  to  the 
evidence  of  the  Oxygen  Company,  however,  this  is  occasionally 
done,  cylinders  being  returned  to'  them  painted  red  over  black 
and  vie©  versa.  In  charity  we  must  assume  this  occurs 
through  carelessjiess  or  ignorance.  These  traits  are  tlie  most 
frequent  causes  of  accidents,  and,  as  this  disaster  proves,  are 
difficult  to  guard  against.  It  remains  only  to  ask  whetlier 
existing  precautions  can  he  strengtlienecl.  It  was  suggested 
that  the  Oxygen  Company  should  check  the  numbers  on  the 
bottles  before  they  were  recharged  to  ascertain  their  previous 
contents,  b.ut,  as  the  managing  director  pointed  out,  even  this 
would  be  no  certainty  against  mistakes,  and  that  a  better  plan 
—— with  which  wo  agree ― would  be  to  make  a  difference1  in  the 
diameter  of  the  valve  connections,  though,  as  he  added,  this 
is  of  no  avail  "  if  men  deliberately  make  an  adaptor."  The 
human  element,  with  its  liability  to'  err,  remains  in  any  case. 
All  one  can  do  is  to  limit/  its  play,  and,  with  this  object,  we 
would  urge  that  both  suggestions  be  adopted. 


Prevention  of  Shaft  and  Belting  Accidents. 

A  report  on  fencing  and  safety  precautions  for  sliafts,  belts, 
wheels,  pulleys,  and  other  devices  for  transmitting  power  in 
factories  by  Mr.  W.  Sydney  Smith,  H.M.  Inspector  for 
dangerous  trades,  just  issued  by  tlie  Home  Office,  -  is  of 
importance  not  only  to  factory  owners,  on  account  of  the  new 
regulations  respecting  sucli  machinery  which  it  is  proposed  to 
incorporate  in  the  Factory  and  Workshop  Acts,  but  also  to 
those  engineers  who  will  as  a  consequence1  be  called  upon  to 
make  nec&ssary  alterations,  or  modify  to  some  extent 
future  designs.  As  an  aid  to  this  the  report  is  accom- 
panied with  illustrations  and  explanatory  notes  which  we 
think  will  iuter&st  others  of  our  readers,  and  for  this  reason 
we  reprcduca  them  in  another  portion  of  this  issue.  The 
enquiry  leading  up  to  the  report  has  been  the  outcome  of  the 
statistics  relating  to  transmission  machinery  accidents  over 
a  munber  of  years,  and  the  comparison  of  wlikh  shows  that 
" notwithstanding  t  he  constant  development  of  electrical  instal- 
lations, improved  ineiliocb  of  construction  and  arrangement 
of  transmission  machinery,  and  the  requirements  of  the 
Factory  Acts  as  to  fencing,  &c.  •  .  .  practically  no 
decrease  has  occurred  in  1  he  "umber  of  fatalities  during  the 
past  six  years  (1907-12),  while  the  decrease  is  only  slight  in 
non-fatal  cases."  The  same  type  of  accidents,  the  report 
points  out,  recur  year  after  year,  "  due  chiefly  to  workers 
earning  into  contact  witli  mill  gearing  in  motion  when  oiling 
bearings,  adjusting  belts,  cleaning  shafting,  or  performing 
ot iier  work  in  the  vicinity  of  revolving  shafts. The  mono- 
tonous regularity  of  this  casualty  list  is  the  more  regrettable 
because  it  is  so  largely  preventable.  It  is  true  also 
that  workmen  contribute  by  their  own  carelessness  and  reck- 
lessness to  tlie  injuries  tliat  fall  upon  them .  This,  however, 
applies  to  Jiiost  machinery  accidents,  and  the  majority  of 
fences  and  precautions  are  mainly  designed  to  prevent  the 
trespass  or  interference  of  persons  who  at  the  moment  are 
either  careless  or  off  their  guard.  The  j)rirnary  danger  from 
shafting  is  due  to  the  motion  of  rotation.  When  clean  and 
smooth  there  is  nothing  to  indicate-  it,  or  even  if  it  be  observed 
nothing  to  suggest  the  eiiormousi  force  it  may  be  exerting,  and 
to'  resist  which  a  man's  effort  is  futile  should  his  clothing 
by  any  mischance  become  entangled.  The  danger  of  project- 
ing studs  is  obvious,  but  the  danger  of  th&  smooth  shaft  is 
too  often  overlooked,  although  it  is  little  less,  and  as  a  source 
of  accident  is  more  serious.  The  figures  for  the  yea r  1908 
show  that  out  of  331  shaft  accidents  reported,  44  of  which 
were  fatal,  no  less  than  56  per  cent,  were  due  to  articles  of 
clothing  becoming  entangled,  while  in  1909  the  proportion 
was  60  per  cent.  Even  loose  hair  may  be  a  source  of  serious 
danger  near  a  revolving  sliaft,  owing  to  the  cyclonic  air 
currents  set  up  in  the  vicinity,  and  if  it  once  becomes 
entangled  nothing  less  than  a  horrible  scalping  is  the  price 
of  release'.  In  1908  no  less  than  31  females  were  injured  in 
this  way.  The  danger  from  loose  clothing  becoming  entangled 
is  so  obvious  fi'o'ni  the  list  of  reported  accidents,  and  so  difficult 
to  impress  upon  work  people,  that  we'  are  not  surprised  the 
Ho ni e  Office  propose  to  make  enclosure  of  revolving  shafting 
when  it  is  within  reach  much  more  generally  compulsory, 
a further  to  prohibit  its  cleaning  when  in  motion  bv 
cotton  waste'  or  rags  held  in  the  hand.  Even  slow-running 
shafts  may  b©  a  source  of  danger,  and  mauy  accidents  have 
been  recorded  in  connection  with  shafts  running  at  speeds  of 
less  than  20  revs,  per  minute.  Apart  from  accidents  due  to 
shafts  alone,  probably  tlie  most  dangerous  work  in  connection 
with  transmission  macliinery  is  the  adjustment  of  belts. 
None  but  men  more  or  less  skilled,  as  a  rule,  undert nke  this, 
； ui(l  many  are  remarkably  dexterous.  The  reports,  however, 
illustrate  tlie  risk  run  I'vcii  by  experienced  nii'ii,  as  is  evident 
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when  we  state  that  over  25  per  cent,  of  tlie  IoImI  imml"'r  nl' 
shaft  accidents  and  no  less  than  35  per  cent,  oi"  1  he  I'alalit  i  -s 
in  1908-9  aronv  in  (,miiie('ti()ii  with  the  ad  just  iiicnt  ；)] id  ivpair 
of  belting.  The  report ，  wliii'h  we  are  giving  elsewIuM  c, 
illustrates  a  number  of  simple  and  ingenious  devices  for 
shifting  bolts  into  position  t  IkiI  liavo  from  lime  to  tinu;  be<Mi 
devised ,  and  which  y-e^m  to  he  more  generally  uscmI  on  t  In- 


expanderl  and  riv(,t'"l.  I  n  case  oi  the  steam  rlruius  wliicii 
project  into  tlie  water  and  steam  space  in  the  cylinrlrical 
boiler,  the  ends  are  attached  to  a  forked  piece,  to  whicli  is 
secured  by  bolts  in  eye  pieces  the  stays  extending  io  llu*  front 
plate  of  tlie  boiler,  thus  allowing  for  exj)ansion  and  contrac- 
tion. 

Hoilers  of  t  his  I  vi>c  have  been  lit  led  into  ； t  munbe'r  ol"  vessels, 


Fig.  1.— J'u udhon  Cumbinkd  multituuvlah  and  Watkr-tube  Boiler. 


Continent  than  here,  where  plain  poles  or  hand  manipulation 
are  too  often  resorted  to,  and  too  ofteu  the  source  of  accident. 
Witli  the  compulsory  adoption  of  these  and  other  safety 
devices  indicated  in  Mr.  Smith's  admirable  report,  we  doubt 
not  that  the  present  regrettable  annual  list  of  casualties  will 
be  greatly^diminished. 


A  COMBINED  MULTITUBULAR  AND  WATER-TUBE  BOILER. 

We  illustrate  herewith  a  novel  design  of  boiler,  comprising  a 
combination  of  the  cylindrical  multitubular  and  water-tube 
types.  This  design  is  the  invention  of  Mr.  J.  B.  Prudhon, 
and  is  manufactured  by  Messrs.  Prudhon,  Capus,  Durand,  and 
Co"  Marseilles,  the  consulting  engineers  and  agents  in  this 
country  being  Messrs.  Douglas  &  Adair，  1,  Fenchurch  Avenue, 
London,  E.G.  The  general  arrangement  of  the  boiler  will  he 
evident  from  a  perusal  of  the  illustrations.    The  water-tube 

boiler  is  arranged  at  the  back 
end,  and  comprises  water  and 
steam  drums,  which  are  in  free 
communication  with  the  inte- 
rior of  the  cylindrical  boiler  at 
the  bottom  and  at  the  normal 
water  level,  respectively.  The 
water  tubes  connecting  the 
drums  form  side  walls  in  the 
combustion  chamber.  Walls  of 
firebrick  are  arranged  between 
the  tubes,  as  shown,  to  separate 
the  combustion  chambers  of  the 
furnaces,  and  also  at  the  back 
end.  Soot  doors  are  provided, 
and  the  tubes  can  be  cleaned 
by  means  of  a  steam  jet.  The 
method  of  attaching  the  steam 
and  water  drums  to  the  end  plate  is  shown  in  Fig.  2  ：  Flanged 
holes  are  formed  iu  the  end  plate,  into  whidi  the  drums  are 
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-J.  -Method  of  Attaching 
Sti;am  and  Wati:r  Drums. 
Pkudhox  UoiLElt. 


and  are,  according  to  the  makers,  giving  excellent  results.  An 
installation  of  five  large  boilers,  each  with  2,960  sq.  ft.  of 
heating  surface,  were  fitted  into  the  "  Germania,"  of  9,000 
tons,  belonging  to  the  Fabre  Line.  These  boilers  replaced  six 
ordinary  cylindrical  boilers  of  the  same  diameter,  and  the 
accompanying  table  gives  the  makers'  comparison  of  the  sizes 
and  weights  of  the  two  types.  The  table  also  includes  par- 
ticulars of  the  Prudhon  boilers  which  the  same  owners  have 
ordered  for  the  new  steamship  "  Patria,"  of  15,000  tons.  This 
installation  comprises  nine  boilers,  each  having  2,540*3  sq.  ft. 
of  heating  surface,  of  which  516*6  sq.  ft.  are  provided  by  rhe 
water  tubes,  while  the  grate  area  is  65*5  sq.  ft.  In  addition 
to  these  vessels  there  is  being  built  another  vessel  of  15,000 
tons,  to  be  fitted  with  nine  Prudhon  boilers,  by  the  Forges  et 
Chantiers  de  la  Mediterranee  for  the  Societe  Commercaile  et 
d' AfFreteinents. 


Onlinarv 
I5oil(Ms  for 
' ( lorinaiiia/' 


Prudhon 
Jioilors  for 
' (:mu;uii;i.，， 


Pnidhon 
" Patria." 


Number  of  boilers   "  5  0 

L'li.i^h  of  vavh    10ft.  lOin.  12ft.  -Jin.  lift.  llin. 

Diameter  of  each    15ft.  Tin.  loft.  Tin.  15ft.  llin. 

Total  heating  surfaoo  in 
all  boilers.  in<  hi(，ing ― 
Flamo-tube  surface, 
Water-tube    surfa<( ' . 
Combustion  -  cham- 
ber surface    l.").S2:J  sq.  ft.      】4.747  sq.  ft.  ,   22t83«i  ^q.  ft. 

Total  grate  area    482  sq.  ft.  325  h\.  ft.  '»!>0  ^i.  ft. 

T('tal  wciirht  of  boilers. 

includini:  fittings    33(>  tims.  270  Um<.  4S(i  tons. 

Total  space  »m cu|>it'<l  l>\ 

boilers   '.  45,417  cub.  ft.    40,402  tub.  ft.    95,178  cub.  ft. 

Evaporative  output  of  all 

boilers  per  hour   78,2401bs.  9!),0701bs.  154,o25lb^. 

l\miuls  of  water  eva]m- 

ratcxl  pcrpimnil  of  coal .         Sl"s.  '>2Hx.  ' '」 
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ARRANGING  TOOLS  IN  ACCORDANCE  WITH  SEQUENCE 
OF  OPERATIONS.- 


BY  OSCAH 


BOUNHOLT. 


In  any  manufacturing  enterprise  the  cost  of  production 
very  important,  and  a  great  deal  of  money  can  be  wasted  if 
proper  facilities  are  not  provided.  Even  though  a  plant  lia^ 
the  very  latest  and  most  efficient  machines  and  fixtures, 
money  can  be  unnecessarily  spent  in  trucking.  Trucking 
in  the  machine  sliop  is  always  looked  upon  as  an  unneces- 
sary expense  and  yet  many  plants  have  a  large  trucking 
expense.  This  involves  the  question  whether  the  nianufac 
hiring  machines  in  a  machine  shop  should  be  laid  out  in 
accordance  with  the  sequence  of  operation,  or  whether  they 
should  be  grouped  according  to  the  class  of  operation  requir- 
ing like  machines,  such  as  placing  together  all  milling 
machines,  all  drill  presses,  &c. 

I  will  endeavour  to  show  that  the  arranging  of  machines 
according  to  sequence  of  operation,  as  practised  by  the  Ford 
Motor  Company,  has  a  great  advantage  over  the  classified 
machine  grouping.  In  the  former  case  the  operations  on  any 
part  to  be  manufactured  can  be  outlined  according  to  the 
best  advantage  in  manufacturing  the  part.  It  might  be  well, 
on  account  of  the  nature  of  the  part  to  be  manufactured,  to 
have  a  milling  operation  first,  tlien  drilling,  then  milling, 
and  it  would  not  make  any  difference  what  sort  of  machine 
followed  on  each  operation.  But  if  tlie  latter  arrangement  of 
grouping  were  decided  upon,  the  operatimis  would  have  to 
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so  that  the  stock  will  not  run  short  or  accumulate.  This 
arrangement  therefore  helps  to  increase  production. 

At  the  Ford  plant  tlie  iruichines  are  arranged  very  niudi 
like  the  tin-can  macliines.  All  parts  of  a  unit  ansenibly  are 
made  on  machines  that  are  so  laid  out  that  the  last  opera- 
tions bring  them  near  together.  This  applies,  of  course, 
only  to  the  large  pieces,  but  all  parts  of  a  unit  are  made  in 
one  department  under  a  foreman.  Automatic  screw  machine 
parts  are  made  in  an  automatic  screw  machine  department 
where  one  man  runs  several  machines.  There  would  be  no 
object  or  advantage  in  placing  automatic  machines  among 
semi- automatic  and  manual  operative  machines.  It  is  well 
understood  that  there  are  many  operations  that  require 
more  than  one  machine,  but  they  are  placed  to  draw  from  the 
one  machine  doing  the  previous  operation.  This  gives  the 
effect  of  the  whole  operation  being  done  on  one  machine. 

The  operations  have  to  be  gone  over  carefully  to  ascer- 
tain the  capacity  either  by  previous  records  or  by  good  judg- 
ment. In  many  operations  more  than  one  machine  will  be 
required,  but  there  will  not  be  work  enough  for  two. 
Although  the  first  cost  may  seem  high  it  is  a  great  saving  to 
have  a  machine  for  every  operation  and  enough  of  them . 

The  carbonising  and  hardening  operations  are  awkward  to 
have  in  the  machine  shop?  but  at  the  Ford  plant  a  cyaniding 
and  hardening  department  is  placed  in  the  middle  of  the 
machine  shop.  It  is  glassed  in  and  thoroughly  ventilated 
with  a  separate  system  to  carry  off  the  fumes  from  the 
cyanide  pots.  All  parts  to  be  cyan  id  ed  and  hardened  are 
led  up  to  tliis  department  and  thus  trucking  to  a  separately 
located  building  is  avoided.  This  would  amount  to  ^ever^I 
hundred  to  us  of  material  a  day. 

On  account  of  the  great,  amount  of  heat'  generated,  the 
heat-treating  and  carbonising  departments  liad  in  be  placed 
in  a  separate  building  where  the  walls  could  be  opened 
GO  per  cent.  Brazing  is  clone  in  the  machine  shop,  ju.-t 
before  the  parts  reach  the  assembling  department.  All  shop 
furnaces  are  operated  with  low-pressure  air  ( 1  Albs.)  and  city 
g^.  . 

As  an  illustration  of  unit  production,  I  will  take  the  uni- 
versal joint  which  has  only  four  pieces  and  four  rivets. 
Assuming  a  production  of  80  pieces  per  hour  is  required, 
it  would  take 

80  universal  joint  knuckles  (male), 
80  universal  joint  knuckles  (female), 
160  universal  joint  knuckle  rings  (halves), 
320  rivets. 


Fig.  1.— Sequence  Aukaxgement  of  Machines  in  Cylinder  Department, 
Ford  Motor  Company. 

l>e  arranged  so  that  like  operations  on  the  same  part  would 
follow  each  other.  For  illustration ，  a  milling  operation 
should  not  come  between  two  drilling  operations,  so  that  the 
part  would  have  to  be  trucked  to  the  drill  department  first, 
then  to  the  milling  department,  and  then  back  to  the  drill 
department.  Trucking  is  expensive  and  all  its  labour  is 
non-productive. 

The  trucking  item  is  immense  in  a  large  plant  when  the 
machines  are  arranged  according  to  class,  as  all  parts  have  to 
be  trucked  many  times  before  they  are  finished.  Wlien 
machines  are  placed  according  to  sequence  of  operation  there 
is  no  trucking  of  parts  after  the  first  operation  is  started,  as 
each  operator  lays  the  part  down  in  such  a  place  and  manner 
as  to  allow  the  next  operator  to  pick  it  up  and  perform  his 
operation,  and  so  on.  When  finished,  the  part  goes  either  to 
the  finished  stock  room  or  assembling  department. 

A  good  example  of  continuous  manufacturing  is  found  in 
the  making  of  tin  cans.  The  body  of  the  can  is  started  at 
one  side  of  the  building  in  a  machine  for  forming  it  ；  it  next 
goes  to  the  body-soldering  machine  and  then  to  the  header 
which  has  been  fed  with  the  two  heads  ；  when  the  heads  are 
on,  the  can  travels  upstairs  to  have  the  heads  soldered.  The 
first  machine  sets  the  pace  and  the  operators  of  the  other 
machines  must  keep  their  machines  moving  at  a  similar  rate 

*  Abstract  of  jiaper  read  before  the  American  Society  of  Mt  t-lianiual  l-Ui^ineers. 


Th(、  universal  joi n t  knuckle  (male)  has  six  oper^tif.'ii-, ； 
given  in  Table  I. 

Table  I. ― 0  pcr<fi  tons  on  fli  c  Cut  vt  rsal  J  oui  t  K  n  ,，，  h!  < . 


First  • 
Second 
Third  . 
Fourth 

Fifth  . 
Sixth  . 


Mill  square  end   

Turn  to  sixe,  3^in.  diam. . . 
'I1  urn  trunnion  oik  Is  . . . . 
Mill  ends,  shoulder  clear- 
ances. 

File   ,  

Hani  en  


2  Millers   

1  Lathe   

2  Duplex  drills  .... 
2  Millers   

Bench  for  tiling  .... 

F  u  rnacc  i  n  the  li  ar- 
dening-room  in  the 
machine  s  h  o  p  ； 
knuckle  to  be  re- 
turned to  assembk1. 


80 
40 
00 


The  operations  on  the  universal  joint  knuckle  (female) 
are  similar.  The  rings  are  broached,  and  then  ground  on  a 
disc  grinder,  which  is  placed  in  the  machine  shop.  Tlie 
grinder  is  equipped  with  a  du?t  exhauster  and  collector  so 
that  no  emery  dust  flies  to  other  machines.  After  all  the 
parts  are  completed,  they  are  led  up  to  an  assembler  who  also 
rivets  them.  They  are  then  inspected  and  sent  to  the 
finished  stock  room  or  the  assembling  department,  usually 
the  latter,  since  the  production  of  the  whole  shop  must  be 
balanced  up. 

At  the  Ford  plant,  the  cylinders  are  trucked  from  the 
foundry  to  the  border  of  the  aisle,  down  which  are  located 
the  machines  which  perform  the  first  operation.  They  are 
liglit  enough  to  be  carried  by  the  operators  to  their  machines 
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while  the  latter  are  making  cuts.  Tlic  ('vl"i;"'rs  move  to 
eacli  successive  machine  unt  il  they  land  in  t  he  ass('ml>liii", 
cle|)artnient  whidi  borders  the  rylin'""'  depart  m(>i" .  All 
cast-iron  parts  arc  made  in  tlie  same  way  ；  some  of  llic  small 
parts  have  to  l>e  trucked  to  the  assornhlin^  (lc|»arl  hhmiI  , 
in  rare  cases  only.  The  trucking  tlial  is 山, m'  al  1  ho  Ford 
plant  is  taken  care  of  l)y  niany  two-ton  monorail  travelling 
lioists  operated  by  electricity  and  lormiiig  h  small  railway 
system.  An  illustration  of  the  cylinder  department  lor 
the  first  few  operations  is  given  in  Fig.  1. 

First  operation ― drill,  tap,  and  plug  three-cored  holes. 

Second  operation ― spot  face  and  ius]>ocl .  This  is  one  of 
tlie  most  important  operations  on  the  cylinder,  since  it  de- 
tects any  defect  that  might  have  occurred  in  the  found ry.  It 
also  finishes  spots  to  enable  the  placing  of  the  cylinder  in  the 
jigs  quickly  and  accurately.  Many  cylinders  a  re  thus  saved 
in  this  jig  because  it  is  arranged  to  adjust  the  cylinder  to 
ensure  its  being  finished  all  over. 

Third  operation ― mill  bottom. 

Fourth  operation ― drill  six  main  bearing  bolt  holes  and 
ream  two  of  the  holes  for  use  in  gaging  or  jigging.  The 
drilling  is  done  in  a  six-spindle  inverted  drill  press  and  tlie 
two  holes  are  reamed  in  a  single-spindle  drill  press. 

Fifth  operation ― mill  top  and  sides. 

Sixth  operation ― bore  cylinder  barrel. 

Seventh  operation — water  test. 

Eighth  operation ― mill  encly  o!'  cylinder. 

Ninth  operation  ― finish  ream  barrel. 

Tenth  operation ― drill  valve  seat  lioles. 

Eleventh  operation ― drill  and  ream  val \  e-sl cm  >lf、，  ,  Ac., 
until  tlie  cylinder  reaches  the  asseinbling  depa rtineiil. 

It  may  be  of  interest  to  compare  t-lie  two  ways  of  arr;m: 
iiig  machines  for  Tiianufacturing  l)y  using  the  cylinder  "|"'r; 卜 
tions  of  various  kinds.  In  placing  the  machines  acconlin^ 
to  operations  it  is  necessary  only  to  truck  the  cylinder  to  the 
first  operation  and  after  the  last,  because  it  is  quite  noress;i  rv 
to  stock  a  few  cylinders  ahead  of  assembling.  It'  the  cylin- 
ders were  to  be  machined  in  departnieuts  consisting  of  like 
machines,  it  would  be  necessary  to  truck  to  and  from  each 
department.  Considering  1 ,000  cylinders  a  day  and  the 
cylinders  weighing  above  801bs.  each,  it  would  total 
80，0001bs.  to  each  department. 

Grouping  the  operations  on  the  cylinder  to  see  how  man v 
ti rnes  it  is  handled  in  how  many  departments,  there  are: 
Drilling,  milling,  lathe,  testing,  tapping,  babbiting,  1'ark 
to  drilling,  and  grinding.  It  would  be  conservative  to  esti- 
mate that  the  cylinder  would  have  to  be  trucked  about 
12  times.  On  account  of  some  operations  it  would  have  to 
return  to  a  department  in  which  it  had  already  been,  and 
would  therefore  be  handled  more  times  than  there  are  de- 
partments. 

Each  handling  will  amount  to  80，0001bs.，  or  40  tons,  and 
12  handlings  will  amount  to  480  tons  a  day,  while  the  total 
nuniber  of  feet  of  movement  for  each  cylinder  will  be  at  least 
500.  This  makes  480  tons  travelling  500ft.  at  the  probable 
rate  of  180ft.  a  minute,  which  is  about  the  gait  of  a  man 
trucking.  Assuming  a  man  can  truck  9601bs.  or  12  cylin- 
ders, at  the  above  rate  of  travel,  and  figuring  the  necessary 
time  for  loading  and  unloading  as  10  minutes,  it  would  re' 
quire  a  force  of  24  men  with  trucks  to  handle  the  1，000 
cylinders  per  10  hours. 

While  it  may  be  claimed  that  the  cylinder  is  especially 
adaptable  to  manufacture  with  machines  placed  in  accordance 
with  the  sequence  of  operations,  small  forgings  can  also  be 
produced  in  quantities  much  cheaper  in  the  machine  shop 
、vheu  the  machines  are  placed  in  this  way. 

There  is  another  advantage  in  placing  the  machines  in 
accordance  with  the  sequence  of  operations  ；  even  though 
some  machines  are  not  worked  to  their  full  capacity  the 
amount  invested  in  them  is  well  paid  for  from  the  fact  that 
it  is  not  necessary  to  carry  nearly  so  much  stock  as  when 
the  machines  are  grouped  according  to  their  classification. 
Each  group  or  department  alone  would  in  that  case  need  to 
l"ve  nearly  as  much  raw  stock  to  work  with  as  is  necessary 
with  this  method  to  operate  the  whole  series  of  inachines  to 
complete  the  part. 


THIESEN'S  APPARATUS  FOR  WASHING,  PURIFYING,  AND 
COOLING  OASES. 

The  atomising  apparatus  for  |>urit' vin^,  ('ooliiig,  and  mixing 
gases,  shown  hi  t acconipanying  illustrations,  has  been 
designed  and  patented  by  Mr.  il.  E.  Thiesen,  34,  K!i-al^-t li 
strasse,  Munich,  Germany.  Tlie  water  inject  iow  pip*--  ('  and  I) 
are  fixed,  while  the  disinio^rat or  ha rs  G  n>taU'.  Tli''  二'； i.、  i、 
made  to  pass  radially  1  hrou^li  flie  ； itoinised  lirjiiid.  Tli«* 
injection  pipes  C  are  urran^cd  on  the  annular  <li、r  S  wlii<-Ii 
covers  a  passage  A  supplied  with  water  tlirou^li  K.    'I  l"' 

injection  pipe's  D  which  introduce  the  water  into  Ui"  oui<*r 
layers  are  also  arranged  in  the  annular  disc  S  between  tin; 
atomising  bafs  as  shown  in  Fig.  3,  in  a   way   t  li;it  tli'' 

water  injection  pipes  D  alternate  with  a  larger  nuniber  of 
bars.  The  water  to  the  pipes  D  is  inlnnluced  by  means  of  a 
separate  pipe  F,  so  that  \>y  shutting  oi\'  turning  on  the 
pipe  E  or  the  pipe  F  the  mixture  with  water  may  be  suitably 
regulated.  The  water  injection  pipes  are  so  arranged  on  tlie 
annular  discs  S  that  they  may  be  easily  removed  and  cleaned 
when  necessary.  The  water  introduced  tlirougli  the  inject  ion 
pipes  C  is  prevented  from  being  carried  over  into  tlie  fan  1  > y 


Tuieskn'h  Apparatus  fou  Pliupying  and  Cooling  Ga^i.s. 

means  of  the  rotating  ring  of  bars  or  angle  irons  G  ； ut;'w  'i 
inside  the  injection  pipes  C  in  such  a  way  that  should  anv 
water  be  carried  inwards  it  will  be  thrown  outwards  again. 

In  experiments  with  atomising  washers  it  lias  been  found 
that  the  washing  water  is  not  sufficiently  intensely  tl\>\  rihutcd 
over  the  side  walls  of  the  rotating  atomising  apparatus. 
Further  both  in  the  case  of  atomisers  having  partly  fixed  and 
partly  rotating  atomising  surfaces,  and  also  in  the  case  。！ 
atomisers  having  atomising  devices  which  rotate  in  opposite 
directions,  it  has  been  found  than  an  annular  space  is  formed 
through  which  unwashed  gas  can  pass  radially,  at  the  free 
end  of  the  atomising  device  close  to  the  disc  S.  In  order  to 
prevent  this  radial  escape  of  gas  along  the  disc  S  the  water 
is  not  only  introduced  through  the  pipes  C  atid  D  but  also 
further  from  the  side,  so  that  the  radially  escaping  ！：；卜 卜 
diverted  axially  and  again  introduced  into  the  atomising 
device.  An  intense  flushing  of  the  side  walls  thus  takr>  place, 
and  by  the  impact  of  these  laterally  introduced  water  jets 
on  the  atomising  device,  the  water  is  atomised  and  thorouglilv 
mixed  with  the  gases.  The  passage  of  unpurified  gas  through 
the  annular  interval  along  the  annular  disc  S  is  thus  entirely 
excluded  and  the  deposition  of  tar  and  dust  and  the  formation 
of  incrustations  is  also  avoided.  The  water  is  introduced 
laterally  through  apertures  H  in  tlie  annular  disc  S,  as  shown 
in  Fig.  2. 
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FENCING  AND  OTHER  SAFETY  PRECAUTIONS  FOR 
TRANSMISSION  MACHINERY.* 

Shafting. 一 It  is  a  dangerous  fallacy  to  assume,  as  is  often 
done,  that  si ow-running  shafts,  or  shafts  of  large  diatnetcr, 
are  free  f ram  danger  and  need  not  be  safeguarded.  Every 
shaft  is  required  by  the  Factory  Act's  to  b©  securely  fenced, 
irrespectively  of  its  speed  or  size,  unless  it  is  equally  safe  by 
position  or  construction  as  if  it  wore  fenced .  Unfenced  smooth 
shafting  of  12in.  clian).  and  shafts  running  at  less  than  20 
revs,  per  minute  have  been  responsible  for  fatalities'.  It  is 
essential  to  prevent  accidental  or  unintentional  contact  with 
any  revolving  sliafting.  The  following  rules  should  apply  to 
horizontal,  vertical,  and  oblique  shafts :  (1)  Shafts  less  than 
G.U't .  above  the  floor  level  should  be  securely  fenced.  (2) 


covered  sufficiently  }>y  the  casing.  Many  accidents  liave 
occurred,  on  shafts  protected  on  two'  or  three  sides  leaving  the 
shaft  exposed  in  one  or  more  positions.  Shallow  partial 
fencing,  sucli  as  a  trough  or  single  board  placed  under,  over, 
or  adjacent  to  shafting,  is  dangerous.  For  this  reason, 
complete  casings  are  preferable  to  partial  guards  unless  deep 
troughs  of  wood  or  metal  are  used. 

In  some  instances,  owing  to'  the  number  of  pulleys  up (川 
low  lines  of  shafting,  the  shafts  cannot  be  encased.  Guard 
rails  are  then  necessary.  The  rails  should  not  be  too  wide 
a]>art  and  the  space  between  shaft  and  rails,  whenever  the 
diameters  of  the  pulleys  or  the  positions  of  the  driving  belts 
permit,  should  be  about  12in.  ；  if  it  exceeds  this  distance  a 
person  may  enter  within  the  space,  and  if  less  than  tliis 
accidents  may  happen  through   contact   witli   the  shaft  by 


Fig.  1.— Sheet  Metal  Tube. 


Fig.  -2.— Millboard  Tuues. 


Shafts  more  tliau  6^ft.  above  the  floor  level  to  be  securely 
fenced  which  are  less  than  6Ht.  from  any  point  to  wliich 
workers  may  need  occasional  access  for  such  purposes  ;is 
lubrication,  cleaning,  manipulating  belts,  or  other  work  of 
maintenance  of  transmission  machinery  ；  or  any  occasional 
work  other  than  the  work  of  maintenance  of  transmission 
machinery  ；  except  where  the  shaft  is  stopped  at  the  time  any 
worker  approaches  within  6^ft.  of  it;  or  the  shaft  is  moving 
at  less  than  6  revs,  per  itiinute  at  the  time  any  worker 
approaches  the  transmission  machinery  for  the  purpose  of 
adjusting  belts,  and  due  provision  is  made  (by  signals  or 
otherwise)  for  prompt  stoppage  at  the  first  sign  of  danger. 

The  type  of  fencing  needed  varies,  with  the  position  and 
arrangement  of  the  transmission  machinery,  but  shafts  are 
usually  fenced  either  by  complete  or  partial  casings, 
consisting  of  fixed  or  loose  sleeves,  or  by  guard  rails  so  placed 
as  to  prevent  access.  Tubes  of  sheet  metal  or  millboard 
(Figs.  1  and  2),  sheet-metal  troughs  (Fig.  3)，  and  wood  casings 
(Fig.  4),  raake  excellent  guards.  These1  may  b©  attached  by 
suitable  brackets   to  sucli    supports    as   pedestal  bearings, 


Fig.  3.— Shkkt  RIktal  Troughs. 


hangers,  wall  boxes,  overhead  beams,  walls  or  llooriug.  Wire 
netting  is  sometimes  similarly  used  but  is  less  cleanly  than 
complete  casings  of  sheet  metal  or  wood .  Millboard  tubing 
somewhat  larger  in  diameter  than  the  shafting  may  be  slipped 
over  the  shaft  as  a  loose  sleeve  which  will  revolve  when  the 
shaft  is  in  motion,  but  will  stop  immediately  if  a  person  comes 
in  contact  with  it.  Millboard  tubes  are  made  of  varying 
lengths,  in  halves  or  split  on  one  side.  The  parts  can  be 
readily  fastened  together  by  means  of  t  liin  wire  or  metal 
clips  which  should  be  free  from  projections.  Loose  metal 
sleeves  are  often  similarly  used  for  fencing  sliafting  and 
projecting  shaft  ends  When  shafting  is  fenced  with  partial 
casings,  care  sRould  be  taken   that  the  revolving   shaft  is 

*  From  Home  Office  report  on  "  Fencing  and  Safety  l'recautions  for  Trans- 
mission Machinery."  by  W.  Sydney  Smith,  II. M.  Inspector  for  Dangerous  Trades. 
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Fig.  4.— Wood  Casinos. 


rlothing  or  materials,  or  by  persons  falling  against  1 1 i e  rails. 
Rails  should  be  sufficiently  strong  to  resist  bending  if  used  as 
foot  rests.  Care  is  also  necessary  as  to  position  of  the 
guards  and  spacing  of  rails  and  boards  to'  allow,  with  safety, 
the  adjustment  of  driving  bands  and  the  】iecessary  cleaning 
under  benches,  but  at  the  same  uime  to  avoid  the  possibility  of 
the.  hair  being  caught.  A  space  of  eight  inch&s  betwe&n  the 
floor  and  lowest  guard,  with  spaces  not  exceeding  six 
inches  between  the  higher  rails  or  boards',  will  not  interfere 
with  cleaning  or  niani])ulation  of  belts  and  will  almost 
entirely  remove  the  risk  of  accideni .  In  general,  where  females 


Fig.  5.- 


-Fkncing  fob  Low  Shafting,  with  Steps  over  Shaft 
and  Handrails. 


"^,)"""">ft》 u H"!u!^"mum""!fTn  iTtrrrrrmTTTrnTrrTTTTTffT, 
Fig.  6.— Fencing  fok  Shafting  with  Fknced  Passage-way  under  Shaft. 

are  employed,  greater  car©  is  needed  as  to  the  feiu-iiig  of 
1  raiisniission  lnachinerv  in  order  to  avoid  accidental  contact 
of  the  worker's  hair  or  clothing  with  revolving  parts  ；  com- 
plete encasing  of  sliafting,  with  protection  of  pulleys  by  side 
plates,  as  shown  in  Fig.  1，  is  preferable. 

Whenever  it  is  necessary  t'o'  cross  low  lines  of  shafting 
fenced  by  rails,  there  should  l>e'  gangways  or  steps  at  suitable 
intervals  so  as  to  fence  the  shaft,  with  handrails  on  either 
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side  of  these  crossing  places  (Fig.  5).  Where  the  shafting  is 
higli  enough  to  allow  passage  undcrncat  li,  but  less  tlian  (W.t't . 
from  the  floor  level,  tlie  shaft  sliould  mmi)l(、">lv  "i"  as。'l 
at  the  passage  ways  (Fig.  6).  High  shafting  in  motion  nmst 
he  apiiroacluul  from  tim(、'  to  "me  i>y  "iiyi n('('rs,  ^n'as;Ts, 
belt'meii  and  ot her  persons  employed  in  oiling,  cleaning, 
； uljustiii^  l>(、lts  and  similar  work  of  m;iii"("i;m('t'.  Where 
space  permits  there  should  be  an  overhead  gangway  or  service 
plat  form,  su/Iiciently  near  the  shafting  to'  admit  t  lu- 
necessary  work  being  (lone  in  safety  and  yet  at  surli  a  (listaiir" 
as  to  prevent  contact  with  iransrnission  niachiiiery  in  motion. 
The  platfoi  ni  should  have  guard  rails  to  a  height  oi'  three  fe&t 
and  a  skirting  board  to  prevent  tlie  worker  fallin"  under 
rails  or  fall  of  tools  on  persons  below.  Failing  oviM'liead  gaii"- 
ways,  the  approach  may  be  made  by  a  safe'  type  of  ladder,  lu" 
in  such  cases  t  liere  is  always  risk  of  accident  unless  the 
shafting  in  the  vicinity  is  fenced,  stopped,  or  considerably 
reduced  in  speed.  High  shafts  are  often  permanently  encased 
for  about  two  feet  on  either  side  of  each  bearing,  the  casings 
being  fixed  by  suitable  brackets  ")  tlie  bearings  or  hang&rs. 
Ladders  are'  soineliines  provided  with  an  inverted  trough 
which  rests  on  the  shaft  and  so  fences  the  portion  temporarily, 
iliese  may  be  used  where  there  is  amplr  space'  between  jjulleys, 
couplings,   and  bearings.    If  tliei'e  be  lubricators,  or  self- 


Shcct  Motal  liand  sl-vv \\  cd  to  wood  discs. 


Sheet  Metal  Ban<l  sciv、、vd  to  ceiling. 
Fig.  7.— Fencing  fok  Projecting  Coupling  Holts. 

lubricating  bearings,  oiling  cau  generally  be  done  at  rest,  l)ut 
replacing  of  belt*  on  pulleys  is  impossible'  in  many  cases  unless 
the  shafting  and  pulleys  are'  moving.  With  various  types  of 
belt  mounters  this  operation  can  be  done  in  safety  from  the 
floor  level,  at  the  ordinary  working  sp&ed  of  the  shafting. 
Where  pulleys  are-  close  together,  fencing  of  the  sliaft  is 
often  impracticable  and  if  the  worker  approaches  unfenced 
transmission  machinery  in  motion  to  adjust  belts,  in  addition 
to  contact  with  tlie  revolving  shaft,  there  is  always  the  danger 
of  contact  between  belt  and  pulley,  or  belt  and  shaft.  Hence, 
in  cases  where  approach  to'  unfenced  shafting  is  necessary,  it  is 
imperative  that  the  speed  of  the  shafting  be  previously 
reduced  to  a  safe  limit.  Severe  accidents  have  occurred  on 
shafting  moving  at  only  9  revs,  per  niinut-e,  and  a  fatal 
acci<lent  on  a  shaft  moving  at  only  5^  revs,  per  minute  ；  hut 
a  speed  not  exceeding  6  revs,  per  minute  may  be  considered 
safe  for  the  dangerous  operations  of  inanipulating  belts  by 
hand  on  transmission  inachinerv  in  motion,  provided  duo 
provision  is  made  by  signals  or  otherwise  for  prompt  stoppage 
at  the  first  sign  of  danger. 

Couplings. ― Projecting  bolt  heads,  nuts,  screws,  and  keys 
si 贿 1(1  he  prohibited  in  all  new  insta-llations  of  transmission 
inachinerv.  Shaft  couplings  should  be;  constructed  with 
countersunk  bolts  and  nuts,  shrouded  flanges,  or  other  equally 
safe  devices.  In  existing  installations,  as  shaft  couplings  are 
generally  situated  near  the  bearings,  all  projections  should  be 
covered  by  smooth  wood  or  metal  casings  if  the  shafting  is 
ever  approached  whilst  in  motion.  Various  methods  of  fencing 


projtM't  in"'  coupling  Itoll s  ； ire  sIkjwii  in  Vi^  7.  The  \v(iod  <Iim-s 
are  made  in  halves  to  enable  thein  to  be  lixo<l  o，i  existing 
shafts.  Projecting  keys  of  couplings,  wheels,  ； im*1  pulleys 
siiould  be  covered  with  wood  or  metal  caj>s  if  these  port  ions 
of  the  transtnission  rnju-hinerv  are  ever  api'madwl  in  iimtioii. 
An  exception,  however,  rnust  he  made  for  keys  (feat  \\cv  or 
sliding  keys)  used  in  couiiccl ion  witli  sliding  port ir>ns  of 
t  he  transruissioii  m;irliiu<']'y,  such  as  ('lu"'l"'s  ainl  sliding 
wheels.  For  new  installations  the  caps  mav  I'"  m;"le  in  oiw, 
piece  and  slij>j>ed  in  position  on  tlie  shaft  before  erection .  For 
shafting  already  in  position  the  caps  niust  be  made  in  halves. 


Wood  Cap  in  halves  st-rcwetl  together.  Sheet  Metal  Ca]>  on  pulley  bobs. 


Cast-iron  Cap  with  coimtersunk 
set-screw. 


Cast-iron  Cap  in  halves  secured  with 
couatcrsunk  sot-screws. 


Fig.  8.— Guards  ron  Puo-iecting  Key  Heads. 

For  projecting  keys  near  shaft  ends,  circular  sleeves  may  be 
driven  on  the  boss  of  the  coupling  or  pulley.  Different  types 
are  shown  in  Fig.  8. 

Collars. ― Projecting  set-screws  on  shaft  collars  should  he 
prohibited  on  all  new  installations.  Countersunk  set-screws 
or  other  equally  safe  method  of  attachment  should  be  provided. 
On  existing  installations  of  transmission  inacliinery,  as 
collars  are  always  situated  in  close  proximity  to  bearings  and 
loose  pulleys,  projecting  set- screws  should  be  re"iov(''l， 
replaced  by  countersunk  set-screws,  or  covered  with  a  sinootli 
cap  or  guard  if  the  shafting  is  ever  approached  whilst  in 
motion.    Se©  Figs.  9  and  10  for  tyj>es  of  guards. 

Wheels,  Drums,  and  Pulleys. ― All  appliances  of  this  nat  ure  ii 
less  than  6^ft.  from  the  floor  level  or  any  plaoe  to  which  the 
workers  liave  occasional  access,  should  be  fenced  so  securely 
as  to  prevent  accidental  contact  by  persons  with  parts  in 
motion,  but  appointed  persons  such  as  enginemen,  oilers,  and 
belt  men  may  bo  allowed  to  approach  unfenced  drums  and 
pulleys  for  the  necessary  work  of  manipulating  driving  belts 
and  ropes  at  times  when  the  speed  of  the  shafting  and  juilleys 
does  not  exceed  6  revs,  per  minute  if  adequate  provision  is 
made  for  prompt  stoppage  of  ffucli  parts  at  the  first  sign  of 

danger.       Gear    wheels,  if 


J 


Fig.  9.— Stkel-cliv  Guauij  for  I'ro- 
jkcting  Set -sc'Rew  ur  Shaft  Collar. 
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situated  as  above,  should  be 
encased  with  metal  guards 
fully  protecting  the  teeth  and 
rims  with  a  portion  of  the 
guard  hinged  or  sliding  to 
facilitate  lubrication  of  the 
teeth.  Partial  guards  for  gear 
wheels  are  always  inadequate 
and  may  even  be  dangerous  ； 
though  the  ingatliering  teeth 
jnay  be  protected,  additional 
points  of  danger  are  in- 
troduced between  the  teeth 
and  tlie  ends  of  tlie 
guard,  and  fingers,  clothing,  or  cleaning  rags  may  easilv  he 
caught  unless  the  teeth  are  wholly  covered.  Complete  guards, 
enclosing  the  whole  of  the  wheels,  have  tlie  advantage  of 
preventing  access  of  du:;t  and  also  limit  the  s])la>hing  of  grease. 
For  these  reasons  gear  wheels  on  overhead  line  shafting  are 
generally  completely  fenced.  Sprocket  wheels  for  chain  d rives 
sliould  be  fenced  like  gear  wheels,  if  similarly  accessible. 
Friction  gearing  is  equally  dangerous  as  toothed  gearing  at 
the  intaking  parts,  but  guard  rails  are  generally  sufficieut  for 


Fig.  10.— Wood  Guard  fou  l'uo- 

JKCTINti  SET-SCUKW  OF  SHWT  COLL-Vlt. 
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lliis  t vpe  of  t l-ansinissiun  machinery  ii'  tlie  fence  is  maintained 
in  such  posit  ion  tliat,  the  s])ace  between  rails  and  dangerous 
parts  cannot  l>e  entered  by  the  workers. 

The  t  ype  of  fencing  for  drums  and  pulleys  is  oft  on 
deteiinined  by  their  position  and  the  direction  of  the  driving 
bands  and  ropas ；  the  guards  may  generally  be  so  arranged 
as  to  include  fencing  for  both  pulleys  and  bands  (Fig.  11). 
Fast  pullovs  near  the  floor  level  are  dangerous  owing  to  the 
risk  of  clothing  and  feet  becoming  entangled  between  belt  and 
pulley.  These-  should  be  protected  by  guards  which  should 
also  fence  the  loose  pulleys  and  driving  belts.  Fenders  of 
wood  or  】uetal  form  satisfactory  fenoes  for  pulleys  in  such 
positions.  Guard  rails  are  often  so  used  ；  sheet  motal,  wire 
netting  or  perforated  metal  being  added  according  to  special 
circumstanoes  where  the  pulleys  are  more  exposed  or  greater 
danger  exists  owing  to  the  employment  of  females.  Overhead 
pulleys  within  reach  of  the'  workers  should  be  fenced  under- 
neath (Fig.  12)  with  strong  guards  of  metal  or  wood,  which 
should  be  extended  to  protect  the  low-lying  portions  of  hori- 
zontal and  oblique  driving  bands  in  order  to  prevent 
accidental  contact  with  moving  parts  and  especially  at  the 
intake  between  belt  and  pulley  which  is  Uie  most  dangerous 
part.  Accidents  are  often  due  to  contact  with  the  spokes  of 
pulleys  and  whe&ls  in  motion.  Henoei  tlie  sides  of  spoked 
pulleys  within  reach  of  workers  or  to  which  they  may  have 
access  should  either  be  fenced  or  the  spokes  filled  in  with 
circular  discs  to'  convert  them  into  plate  wheels.  The  sides  of 
all  drums  in  the  grinding  rooms  of  tenement  factories  are 
required  to  be  closely  fenced,  and  tlie  need  is  the  same  where^- 
even*  spoked  ]  ml  leys  are  accessible  to  the  workers. 

Belts,  Ropes,  and  Chains. 一 As  regards  the  fencing  of  belts  other 
roiisiderations  arise,  and  the  conditions  are  materially 
different  I'rorn  those  of  shafts  and  pulleys.  Heavy  overhead 
belts  which  may  never  be  approached  whilst  in  motion,  and 
； j  re  to  that  extent  safe  by  position,  often  require  to  be  pro- 
tected underneath  as  a  safeguard  in  case  of  breakage  ；  further, 
tlie  t'eiicing  of  the  low  belte  driving  the  individual  macliiiie«, 
'  .,/.，  looms,  lathes,  and  other  nia^'hine  tools,  is  in  many  cams 
im  practicable,  aiul  though  such  belts  are  strictly  mill-gearing, 
little  danger  arises  where  metal  fastenings  are  avoided  and 
efficient  strap-forks  are  provided. 

Periodical  examination  of  belts  would  lessen  the  number  of 
breakages.  Belt  accidents  would  also  be  reduced  by  prohibiting 
the  use  of  projecting  metal  fasteners  or  by  requiring  all  belts 
with  such  fastenings  to  be  fenced .  Thor©  is,  however,  always 
risk  af  accident  arising  from  contact  at  the  intake  between 
belt  and  pulley  or  contact  with  running  belts,  and  fencing  is 
necessary  in  the  following  circumstances:  (1)  All  vertical  and 
oblique  belts  (irresjjei'tively  of  size  and  speed)  passing  through 
floors  should  be  fenced  l'o'und  the  openings  by  rails  or  casings 
of  wood  or  motal  to  a  height  af  at  least  4ft.    Where  the  belts 


Fig.  11.— Guard  rou  Belt  and 
I'ulley.    (Wike  Netting.) 


Fk;.  Guard  rou  OviatHK.vo  Belt 
and  Pulley,  Hinged.  (Wiiie  Netting. 


are  oblique  it  may  also  be  necessary  to  fence  the  underside  of 
t  lie  belt  to  a  height  of  at  least  Gift,  so  as  to  prevent  accidental 
contact.  (2)  Horizontal  and  oblique  belts  used  for  main 
driving  and  roimk'r- 山' iviiig  witliin  6U't.  of  the  floor  or  other 
place  to  which  the  workers  have  access  while  the  transmission 
in;M-liinery  is  in  inolion,  sliould  be>  securely  fenced  by  rails  or 
casings  so  as  to  prevent  accidental  contact  (3)  All  overhead 
main  driving  belts,  if  more  than  4in.  wide  and  moving  with  a 
velocity  of  more  than  30ft.  per  second ,  should  b©  protected 
underneatli  with  strong  guards  of  wood  or  metal  at  those  parts 
where  persons  are  liable'  to  pass  under  them .  , 

The  protection  under  heavy  overhead  belts  must  be 
substantial,  e.g.,  troughs  of  wood,  slieet  metal,  perforated  or 
expanded  metal,  strongly  constructed  and  firmly  supported 
by  the  walls  or  beams  (Fig.  13).  Ladder-like  guards  made  of 


angle  irons  fitted  witli  】netal  rungs  (Fig.  14),  or  strong  bow- 
sliaped  iron  cleats  fixed  at  intervals  (Fig.  15)  are  also 
efficient  ；  the  latter  types  will  not  interfere  with  the 
cxaiiiination  of  the  belt  or  of  a  rope  and  have  the  advantage 
that  the  driving  bands  or  ropes  are  always  visible.  Fencing 
of  other  driving  belts,  in  addition  to  main-driving  and 
(•oiuiter- driving  belts,  may  be  necessary  according  to  ]>asition, 
size,  spoed,  o'r  special  circumstances,  but  much  judgment  and 
experience  are  necessary  ；  low  belts  near  the  floor  level  and 
high-speed  belts  should  in  general  be  guarded,  but  each 
individual  case  must  be  considered  on  its  merits  as  to  the 
degree  of  danger  and  the  nature  of  the  fencing  requisite 
under  tlie  circumstances.  In  connection  with  the  latter  point, 
minimum  interference  with  manufacturing  processes, 
efficiency  as  a  guard ,  and  access  in  case  of  repair  or  alteration 
have  to  be  considered.    Many  belt  fasteners  are  dangerous  on 
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Fig.  13.— Guard  foh  Overhead  Belt.   (Expanded  Metal.) 
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Fig.  11.— Guard  fuk  Ovkrhe\d  Belt.   (Laddeu  Tyfi: 


Fig.  15.— Guard  fou  Ovkiihk.vd  KorK.    (Bo\v-sh\ped  Iuox  Cle\ts. 


account  of  metal  projections,  but  of  metal  fasteners  those 
consisting  of  continuous  wire  stitching  held  together  by  a 
peg  other  than  a  metal  peg  are  safe.  Belts  with  other  forms  of 
metal  fasteners  within  reach  of  the  workers  should  always  be 
fenced.  Loose  ends  must  nob  b©  allowed  on  belts,  unless  the 
belts  are  securely  fenced . 

The  fencing  of  driving  ropes,  except  overhead  ropes,  should 
generally  be  on  the  same  lines  as  the  fencing  of  belts.  There 
is  not  the  same  need  for  fencing  small  overhead  driving  ropes, 
as  ropes  never  break  without  showing  signs  of  wear  and  giving 
ample  warning  before  breakage  by  the  production  of  quanti- 
ties of  fluff,  unlike  belts  which  generally  break  unexpectedly. 
Low  sagging  ropes  above  passage  ways  in  engine  houses,  rope 
races  and  work  places  should^  however,  always  be  protected  by 
strong  troughs  or  other  efficient  guards. 

Driving  chains  of  metal,  on  account  of  their  weight,  are 
more  dangerous  than  belts  or  ropes  ；  the  intake  between  a 
driving  chain  and  pulley  is  as  dangerous  as  the  intake  of 
toothed  gearing.  Chain  belts  sliould  at  least  have  a  strong 
trough  underneath,  whatever  their  position,  and  if  acces- 
sible they  should  be  enclosed. 

(To  be  continued. j 


The  Junior  Institution  of  Engineers  ：  North-western  Section. ―  The 

ltHMnbers  of  this  section  of  the  Junior  Institution  of  Engineers 
paid  a  visit  on  Friday  evening,  tlie  13th  inst.，  to  the  Tr afford 
Park  Works  of  Messrs.  Red  path,  Brown,  &  Co.,  Ltd. , 
structural  steel  work  engineers.  Mr.  Cowan  received  tht* 
visitors  and ,  assisted  by  members  of  his  staff,  showed  many  of 
the  most  up-to-date  processes  now  used  in  structural  engineer- 
ing. Oxy- acetylene  cutting  excited  great  interest ,  st-eel  joists 
12in.  by  7 in.  being  cut  through  straight  and  clean  in  one 
minute.  The'  layout  of  the  various  machines  in  the  works  was 
such  as  to  facilitate  expeditious  and  accurate  machining. 
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COMPARATIVE  TESTS  OF  LINESHAFT  BEARINGS. 

Tn  a  paper  read  at  the  recenl  annual  meetiiig  of  tlio  Arnerican 
Society  of  Mechanical  Engineers,  Prof.  Carl  C.  Thomas,  of  tlic 
University  of  Wisconsin,  gave  the  results  of  comparative 
tests  on  three  ty{>es  of  lineshaft  bearings.  The  shafts,  which 
carried  uniformly-distributed  known  loads,  were  supported 
successively  by  ring-oiled  babbitt,  roller,  and  hall  bear- 
ings, the  same  number  being  used  in  each  case.  A 
wide  range  of  loads  and  speeds  was  covered,  and  t  lie 
coefficients  of  friction  were  worked  out  for  each  type 
of  hearing.  Tlie&e  bests,  which  were  made  at  the  univer- 
sity, extended  over  a  period  of  four  years,  and  all  ques- 
tions of  possible  lack  of  alignment,  non-uniformity  of  loading, 
temperature  and  quality  of  lubricant,  &c.，  were  carefully  con- 
sidered. Ar  a  result  of  these  tests  it  was  found  that  the  power 
required  for  babbitt  bearings  was  higher  than  for  the  others, 
except  perhaps  at  low  loads  and  speeds,  and  that  the  power 
for  roller  bearings  was  higher  than  for  the  ball  type.  The 
excess  of  power  required  by  babbitt  over  roller  bearings  and 
by  the  latter  type,  over  ball  bearings  increased  with  an  increase 
of  speed  for  all  loads.  The  relative  amount  of  power  con- 
sumed in  friction  by  th©  three  kinds  of  bearing  at  speeds  of 
100ft.  and  300ft.  per  minute,  and  temperatures  of  77°  and 
100°，  are  given  below.  The  relative  numbers  are  based  in 
each  case  on  the  average  power  for  three  loads  of  7101bs., 
],2101bs.,  and  l,7101bs.  for  ball  bearings,  7401bs.，  l，2401bs.， 
and  l,7401hs.  for  roller  bearings,  and  7301bs.,  l,2301bs.,  and 
l，73()lhs.  for  l>abbitt  bearings. 


Rfhitive  .  I  tnoun      of  I*o  u  tr  C". 、•/〃//〃/  /"  Friction. 
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To  observe  the  performance  of  the  bearings  under  extra- 
ordinarily heavy  loads,  breakdown  tests  were  run  on  each  type 
of  bearing  with  only  one  section  of  shafting,  on  which  were 
four  bearings.  In  this  case  a  constant  speed,  200  revs,  per 
minute,  was  employed.  Tests  began  at  about  3，2001bs.  per 
bearing,  and  failure  occurred  at  about  4,2501bs.  per  bearing  in 
the  case  of  the  babbitt  bearings,  4,6501bs.  for  the'  ball  bearings, 
and  about  5，1001bs.  in  the  case  of  the  roller  bearings.  The 
bearings  in  any  case  did  not  fail  structurally,  as  the  power 
was  cut  off  soon  after  distress  was  manifested,  but  the  failure 
was  simply  that  of  the  lubricant.  Breaking  down  of  the  lub- 
ricant resulted  in  immediate  increase  of  the  power  required 
to  maintain  the  original  speed  of  rotation  of  the  shaft  in  the 
bearings.  It  is  pointed  out,  as  a  result  of  this  test,  that  the 
quality  and  the  amount  of  lubricant  used  undoubtedly  has  an 
important  effect  upon  the  load  that  will  cause  a  given  bearing 
to  fail. 


FUEL  VALVE  ARRANGEMENTS  FOR  INTERNAL-COMBUSTION 

ENGINES. 

We  illustrate  herewith  an  arrangement  for  operating  the 
fuel-supply  pump  and  for  controlling  the  relief  valve  of 
iiiternal-coimbustion  engines  of  the  type  in  which  liquid  fuel 
is  supplied  under  pressure  by  a  pump  having  a  stroke  of 
constant  length  to  a  spraying  device  and  in  which  a  relief 
valve  controlled  from  the  engine  governor  is  provided  on  the 
pump  delivery  side,  so  as  to  allow  of  the  escape  of  the  pump 
delivery  at  any  period  during  the  pump  stroke  in  order  to 
vary  the  charge  received  by  the  engine. 

The  fuel  pump  A  is  of  ordinary  construction  and  delivers 
fuel  to  the  engine  spraying  device,  a  rel ief  valve  B  being 
provided  upon  the  passage  leading  between  pump  and  sprayer 
for  releasing  the  fuel  from  the  passage,  under  the  controlling 
action  of  the  engine  governor,  at  anv  period  in  the  piunp 
stroke  so  as  to  vary  thei  quantity  fuel  delivered  to  the 
engine.  The  means  for  operating  the  ]>iunp  A  and  tlie  relief 
valve  B  comprises  an  arm  C  fulcrunied  at  13  and  ro<'ked  hv  a 
fam  S.    The  arm  onga^es  the  ram  E  ol'  the  fuel  pump  so  as 


to  reciprocate  same.  Tlu4  stroke  of  the  ram  is  maintainexl 
constant  so  that  the  pump  deals  with  a  fixed  quantity  of 
liquid  fuel  at  each  stroke.  The  arm  C  has  also  mount^'l 
thereon  a  striking  plate  F  having  its  striking  surf;u<*  shapfd 
to  an  arc  of  a  circle,  and  this  plate  engages  a  striker  arm  O 
connected  to  a  pivoted  member  II  which  actuates  the 
spindle  R  of  the  relief  valve  B.  As  the  arm  carrying  the 
striking  plate  F  is  rocked,  the  relief  valve  B  may  he  actuated 
to  release  the  fuel  delivery  by  the  pump.  The  striker  arm  O 
haa  its  position  controlled  by  the  engine  governor  aHm'—' 
tlirou^li  the  spindle  ,J，  arm  K，  and  link  M,  the  "IVrt  to 
draw  the  end  of  G  which  engages  the  striking  plate  F  away 
from  or  towards  tlie  fulcrum  point  D  of  tlie  arm  C，  so  ； is  to 
vary  the  timing  of,  and  also  to  increase  or  decrease  the 
duration  of  the  movement  imparted  to  the  relief  valve  h.  In 
one  extreme  position  of  tlie  striker  arm  G，  the  whole  of  the 
fuel  pump  delivery  is  released  so  that  the  engine  does  not. 
receive  any  coiM})uslihle  charge,  whilst  in  tlie  other  extreme 
position,  tlie  relief  valve  remains  closed  tlirougliout  the  ]>urti[> 


ARRAN'GEArENT  OF  FUF.L  VALVES  FOR  I  STERNAL-COMBUSTION  EnCINTs. 

delivery  stroke.  Tlie.  intermediate  positions  ol' t  lie  striker  arm 
provide  for  an  earlier  or  later  release  according  to  the  load 
requirements  of  the  engine.  A  spring  retains  the  relief  va】、'e 
normally  in  its  closed  position.  This  valve  is  9et  diagonally 
as  shown,  or  vertically  so  as  to  assist  in  the  discharge  of  anv 
air  past  the  valve  which  may  pass  over  wit li  the  puni]> 
delivery.  To  provide  for  hand  actuation  of  the  aim  C 
carrying  the  striking  plate  F  and  operating  the  fuel  purn p  A， 
so  as  to  work  the  latter  by  hand  when  starting  the  engine  or 
when  testing  the  pipe  circuit  or  for  similar  purposes,  a  hand 
lever  O  is  provided  which  engages  the  end  of  the  arm  C.  It 
can  be  locked  by  means  of  a  locking  piece  P  in  a  position  in 
which  the  arm  C  is  free  from  the  cam  S  by  which  it  is 
normally  rocked  so  as  to  stop  the  engine.  The  arrangement 
described  has  been  designed  and  patented  by  Messrs.  L. 
Gardner  &  Sons,  Ltd.,  Patricroft  Manchester. 


North  of  England  Institute  of  Mining  Engineers.  —  A  general 
meeting  of  this  Institute  was  held  on  Saturday  last  at  New- 
castle, Col.  W.  C.  Blackett,  president,  in  the  chair.  Papei's 
were  read  by  Mr.  H.  W.  G.  Ilalhaiun  on  '  Tlie  Automat  ir 
Distribution  of  Stone-dust  by  the  Air  Current.  "  ；  l»y  M  r 
John  Morris,  "  Notes  on  Gob -fires  and  Blaokdamp,  八'' • 
and  by  Mr.  Leo.  Dorey  Ford  on  "  A  West plialian  Hv-product 
Coking  Plant,  which  also  supplies  Town  Gas."  Mine  signal- 
ling apparatus  were  exhibited,  de5oiil>e<l,  and  demonstrated 
by  Messrs.  Median  &  Sons,  Ltd.,  Messrs.  Siemens.  Brothers 
and  Co. ,  Ltd.,  Messrs.  Hugh  Wood  &  Co.,  and  t  lie  Briti、li 
Electrical  and  Manufacturing  Company.  A  s]>ee<l  aiul  volume 
recorder,  a  fan  suction  gaui^e,  and  an  optical  ]>vr<>rneter  were 
also  exhibited,  des<'ril)e<l,  and  demonst  ratt**!  hv  t  he  Lo^klo 
Company,  Ltd. 


170 


THE    MECHANICAL    ENGINEER.  [February  20,  1914 


CASE  HARDENING.^ 

Two  kinds  of  case  carburisation  may  be'  distinguished  :  coni- 
plete  carburisation  of  metals  or  cor©  carburisation  ；  and  cas© 
carburisation  or  case  hardening  of  metal  parts  which  must 
support  considerable  penetration  stresses  and  at  the  same  time 
must  preserve  as  much  of  their  malleability  as  possible.  The 
author  discusses  the  various  theories  of  case  carburisation  and 
comes  to  the  conclusion  that  carburising  action  must  b© 
ascribed  practically  exclusively  to  carboniferousi  gases,  namely, 
to  carbon  monoxide.  In  this  connection  it.  becomes  important 
to  consider  the  value  of  gases  given  off  by  various  kinds  of 
carburisers  in  use,  especially  in  view  of  the  fact  that  an 
excessive  evolution  of  such  gases  may  cause'  explosions  during 
carbonisation.  De  Nolly  and  Veyret  have  studied  this 
problem  and  recommend  the  following  precautions :  ("〉  To 
avoid  animal  and  vegetable*  matter  giving  off  too  much  gas 
at  low  temperatures,  (b)  To  use'  with  barium  carbonate;  (30  to 
50  per  cent.)  only  charcoal  carbonised  at  a  very  high  tempe- 
rature. The  evolution  of  gas  is  thus,  smaller  and  the  ]>er~ 
oentage  of  hydrogen  lower,  (c)  To  heat  the'  mass  slowly  up  to 
700°  C.  (1,292°  Fah.)  ；  the  air  can  then  escape  and  the  violent 
evolution  of  gases  at  a  temperature  around  700°  C.  is  reduced. 
As  regards  possible  weakness  of  the  care  of  the  carbonised 
part,  nitrogen  is  only  occasionally  the  cause,  but  hydrogen  is 
far  more  dangerous  in  that  it  produces  hard  or  brittle  places 
consisting  of  pure  ferrite. 

The  evolution  of  gas&s  with  different  kinds  of  carburisers  in 
use  occurs  approximately  in  the  following  manner  ：  Pure 
charcoal  at  temperatures' from  0°  to  300。  C.  (32。  to  572°  Fall.) 
evolves  gases  which  are  absorbed  by  the  charcoal  itself.  At 
300°  C.  (572°  Fah.)  there  is  a  minimum  of  gas  generation. 
The  air  is  driven  off  and  the  volatile'  gases  are  still  occluded. 
From  300°  to  700°  C.  (572°  to  1,292°  Fah.)  the  internal  evolu- 
tion of  the  gases  takes  place,  and  at  700°  C.  therei  is  a  maxi- 
mum of  evolution  equal  to  about  30  time®  the  volume  of  the 
charcoal.  Beyond  that  temperature  the  evolution  of  the  gases 
decreases.  At  1,100°  C.  (2,012°  Fah.)  the  contents  of  carbon 
monoxide  increases  a  little.  At  the  second  lieating  the 
evolution  of  gas  is  very  weak .  Thei  mixture  of  barium 
carbonate  and  charcoal  calcined  at  1,000°  C.  (1,832°  Fah.)  gives 
off  practically  no  gases  until  600°  C.  (1,112°  Fab.),  the  evolu- 
tion of  the  ga&e's'  reaching  its  maximum  toward  1 ,000°  C.  At 
1,050°  C.  (1,922°  Fah.)  the  gas  contains  75  per  cent,  carbon 
monoxide  and  12  per  cent,  hydrogen.  Ferro-cyanide 
carburisers  reach  their  maximum  of  evolution  of  gas  at  about 
800°  C.  (1,472°  Fah.)，  but  very  rapidly  cease  to  give  off  gas. 

Case  carbonisation  is  therefore  tlie  result  of  the 
absorption  by  iron  of  the  carbon  left  in  the-  car- 
burising material  by  the  evolution  of  the  gases,  but 
in  order  that  iron  might  absorb  carbon,  it  must  be 
in  the  allotropic  state  y,  since  iron  in  the  state  a  does 
not  dissolve  carbon,  at  least  not  constantly  and  in  a  useful 
manner.  By  heating  iron  in  close'  contact  with  the  carburiser 
above  700°  C.  (1,292°  Fah.),  or  even  up  to  560。  C. 
( 1 ,040°  Fah .)，  tlx©  beginning  of  carburisation  is  obtained . 
Giolitti  and  Carnevali  have  shown  that  steel  with  very  low 
content  of  carbon  is  not  carburised  at  all  below  780°  C. 
(1,436°  Fah.),  and  they  explain  facts  to  tli© contrary  mentioned 
above  by  supposing  that  carbon  monoxide  easily  penetrates 
into  iron  at  the  temperature  around  500°  C.  (932°  Fah.)  and  by 
decomposition  deposits  there  carbon  which  is  not  really  dis- 
solved in  the  iron.  Charpy  appears,  however,  to  have  produced 
under  thes&  conditions  superficial  oem-©ntit&  which  tends  to 
show  a  certain  solubility  of  carbon.  However,  industrial  case 
carbonisation  of  iron  doe®  not  begin  until  about  850°  C. 
(1,562°  Fah.).  Steel  subjected  to  case  carbonisation  often  has 
an  initial  content  of  carbon  of  0*3  per  oent.，  not  counting 
manganese,  silicon,  and  other  elements.  The  point  of 
transformation  in  such  cases  easily  reaches  780°  C.  (1,436 
Fah.),  and  the  carburisation  ono©  started,  the  piece  of  steel  is 
rapidly  covered  by  a  thin  layer  of  iron  more  or  less  saturated 
with  carbon  of  which  the  normal  temperature  of  transforma- 
tion is  only  700°  C.  (1,292°  Fah.).  Between  this  external 
layer  and  the  core  of  the  metal  piece  there  are  formed  other 
layers  of  a  transitional  nature  with  regard  to  the  point  of 
transformation  which  gradually  rises  as  tlae  layer  is  deeper 
inwards.    Tlie  diffusion  of  these  layers  from  one  to  the'  other 
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occurs  the  more  rapidly  the  higher  is  the  temperature  used, 
but  is  very  slow  and  more  often  ceases  altogether  at>  a  certain 
point  if  the  temperature  is  below  the  temperature  of  trans- 
formation in  that  region,  hence  the  too  sudden  transition  in 
the  composition  of  the  piece  which  may  be  harmful  to  the 
strength  of  the  ca&&  carbonised  layer.  The  pieces  when  case 
carbonised  ought,  therefore,  to  be  heated  at  least  up  to  850°  C. 
(1,562°  Fah.).  For  the  investigation  of  th&  results  of  tlie 
case  carbonising  operation  two  methods  may  be  used ― chemical 
analysis  and  microscopic  investigation. 

For  the  chemical  analysis,  very  thin  shavings  from  the 
surface  of  the  metal  might  be  taken  by  a  milling  machine  and 
analysed,  thus  showing  the  distribution  of  the  carbon 
throughout  the  depth  of  the  piece.  This  process  is  very  useful 
in  scientific  investigations,  but  cannot  b&  conveniently  applied 
in  the  shop  where  microscopic  investigations  are  preferable. 
The  microscope  shows  the  thickness  of  the  carburised  laver 
with  its  variations  in  the  cont&nfc  of  carbon  and  the  physical 
structure  of  the  core,  the  transitionary  layers  and  the 
periphery  on  which  depends  tlie  cohesion  of  the  various  regions 
and  the  brittleness  of  the  whole  piece,  but  the  microscope  does 
not  indicate  the  sulphur  content's  and  the  presence  of  occluded 
gases ~~ factors  of  great'  import  an  o&  for  determining  the  quality 
of  the  final  product.  The  author  shows  by  figures  how  various 
iron -carbon  compounds  look  under  the  microscope. 

Thickness  of  carbonisation  should  b©  not  more  than  one- 
third  of  the  depth  of  the  piece  carbonised,  since  otherwise 
rupture  through  excessive'  brittleness  of  the  ]>eriplicry  jnav  be 
produced.  If  the  piece'  is  case'  lmrdened  only  on  one  side, 
however,  it  is  said  that  the  carbonisation  may  go  as  far  as 
one-half  of  tlie  depth.  In  cases  where  tlie  carbonised  piece  is 
subject  to  shocks,  it  is  necessary  that  th©  deptli  should  be  less 
than  when  it  is  subject  only  to'  static  stresses. 

As  regards  the  selection  of  carbonising  materials,  the 
following  general  conditions  may  be  stated  :  (a)  The  car- 
buriser ought  to  have  as  high  a  velocity  of  carburisation  as 
possible,  si  no©  the  longer  tlie  operation  lasts  the  more  expen- 
sive it  is  and  the  more:  chance  tliere  is  for  tlie  metal  to  change 
its  properties.  It  i&  al&o  better  to  work  at  asi  low  a  tempe- 
rature as  possible.  (h)  The  carburi&er  must  not  contain 
sulphurous  ni atter,  as  the  metal  absorbs  it  and  becomes  hot 
short.  At  most  th^r-e  may  bo  up  to  2  per  c&nt.  of  sulphur 
at  a  temperature  between  900°  and  950°  C.  (1,652°  to 
1,742°  Fah.)-  At  between  950°  and  1,000°  C.  (1,742°  and 
1,832°  Fah.)  the  sulphur  volatilises.  At  the  surface  0"88  per 
cent,  of  sulphur  has  been  found.  (r)  The  carburiser  must 
be  as  good  a.  conductor  of  heat  as  possible.  This  is  important 
in  order  to  minimise  the  errors  due  to  the  difference  of  tempe- 
rature of  the  furnace  and  the  pieces  carboni&ed,  each  of  tlie 
latter  being  heated  in  the  powder  in  order  to  avoid  the  incon- 
venience of  too  long  cooling,  (d)  It  must  have  as  low  specific 
heat  as  possible.  This  property  is  necessary  for  the  same 
reason  as  the  preceding  one.  Ii  is  always  well  to  heat  up  the 
box  as  quickly  as  possible,  in  order  to  avoid  substantial  errors 
with  respect  to  the  time  of  heating  and  its  temperature,  as 
well  as  to  eliminate  useless  heating  losses,  (e)  The  carburiser 
must  not  alter  the  surface  of  the  piece.  Scratches,  erosions, 
&c.，  require  expensive  machining  and  are  harmful  to  pieces 
where  precis©  dimensions  have  to  be  maintaiued.  (/')  Where 
brittleness  must  be  avoided  at  all  costs',  it  is  necessary  to  adopt 
other  conditions,  often  less  compatible  with  the  preceding 
ones,  namely  ：  (a)  Progressive  penetration  of  the  carbon  into 
the  iron  ；  a  carburiser  which  acts  too  suddenly  and  roughly 
produces  often  hype'reutecto'id  layers'.  When  precision  in  tlie 
operation  is  required  with  th©  formation  of  the  thin  but  hard 
layer  tlie  composition  and  action  of  the  carburiser  have  to  be 
very  exact.  (b)  In  addition  to  that,  a  good  carburising 
powder  has  to  satisfy  the  following  conditions :  (a)  it  must, 
contain  materials  which  can  be  easily  powdered  in  order  to 
give  a  uniform  and  close  mixture  ；  (b)  it  must  not  exhaust 
rapidly  ；  good  case  carburisers  can  be  used  many  times  with 
great  economy  and  regularity  of  results,  (r)  It  must  not  be 
expensive  ；  must  be  free  of  danger  of  explosions  ；  and  must 
not  produce  dust  excessive  in  quantity  or  dangerous  in  action. 
01)  It  must  not  decrease  in  volume  while  in  the  carburising 
boxes,  since  the  heaping  up  of  the  carburiser  would  become 
unequal  and  some  pieces  undergoing  case-  hardening  might  be 
left  bare.  Hence  the  necessity  to  avoid  too  fluid  or  volatile 
elements  in  the  coni position  adopted. 

The  author  discusses  in  detail  the  use  of  various  car- 
burisers~ solid,  liquid ,  and  gaseous.    Among  solid  carburisers 
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the  best  known  are  mixtures  of  carbon  and  salts,  i\\v  < 
used  being  for  the  most  part  cliarcoal  powder,  the  best  being 
poplar  charcoal  wliicli  giv(w  cliarcoa!  practically  fret*  from 
sulplun-ous  matter.  A  mixture  very  widely  used  is  that  of 
charcoal  and  hariuin  carbonate,  tlic  proportions  generally 
adopted  being  GO  per  cent,  of  carbon  and  40  per  cent,  of 
harium  carl)onate.  This  mixture  acts  mainly  tlirough  tlie 
evolution  of  carbon  monoxide.  Whether  tli-e  presence  of 
nitrogen  is  absolutely  necessary  for  the  carburisatioii  or  not. 
lias  not  betMi  fully  established.  Barium  carbonate  is  selected 
for  its  high  temperature  of  dissociation.  Calcium  carbonate 
substituted  instead  of  it  gives  an  evolution  of  gas  at  consider- 
； ihly  1d\v(m-  tt'iii|)(M-;ilurt\  Imt  llw  l>i-o])ortion  of  aiiliv(lr"l<" 
carbonate  is  much  larger,  which  is-  not  favourable  to  good 
carbonisation.  The  aullior  shows  by  a  diagi  ain  tlic  depth  of 
penetration  will»  the  mixture  of  charcoal  and  barium 
carbonate  for  various  temperatures  and  lengths  of  carbonisa- 
tion, prei>Jirod  in  accordance  with  the  experiments  of 
L.  Guillet. 

With  a  mixture  of  cliarroal,  l)arium  carhoiiaie,  and  feno- 
cyanide,  the  admission  of  potassium  ferro-cyanid©  appears  to 
heio-liteii  tlie  activity  of  tlie  caihurisat ion  process  aiul  to 
increase  tlie'  hypereutectoid  layer  at  the  temperatures  of 
industrial  case  lwndening.  An  interesting  point  to  remember 
is  that  powder  which  has  been  used  several  times  is  still  very 
good  and  often  even  better  the'  second  time'  than  it  was  tli" 
lirst  time,  probably  owing  to  the  loss  of  moisture  ；  no  iron  is 
fo'uml  in  the  state'  of  free  ferro-cyanide  when  the  heating  took 
place  at  the  high  temperature.  Mixtures  of  other  salts  have 
been  tried  with  charcoal,  giving  practically  analogous  results 
to  the  use  of  the  mixture  of  charcoal  and  barium  carbonate, 
hut  tlie  carlxjiiising  power  of  the  material  used  would  become 
exhausted  nuicli  more  rapidly.  A  Tnixture  of  charcoal  and 
sodium  chloride  (10  per  cent,  of  tlie  latter)  gives  a  good 
carboniser  and  possesses  regenerative  power,  is  very  cheap  and 
can  be  xised  for  case  liardening  to  a  depth  of  1  mm.  (or  '04in.). 
It  is,  however,  too  long  to  heat.  A  French  investigator, 
Grenet,  mentions  the  following  carburisers  for  use  in  shops. 
They  are  arranged  in  t  lit1  ordt'r  of  speed  of  oarburisation 
and  price. 

((t)  A  mixture  of  sawdust  with  forge  coal  cont  aining  30  per 
cent,  of  volatile  matter. (力) A  mixture  of  pulverised  charcoal, 
1  k^.,  with  1 .',  kg.  of  sawdust  and  O'l  kg.  of  sodium  chloride. 
(r)  A  mixture  of  0*5  kg.  fo'rge'  coal  containing  30  per  cent  ,  of 
volatile  matter,  0*5  kg.  of  carbonised  leather,  01  kg.  of 
sea  salt,  and  0'5  kg.  of  sawdust.  (〃)  A  mixture  of  1  kg.  of 
carbonised  leather,  1  kg.  of  sawdust,  and  0*2  kg.  of  ferro- 
cyanide.  According  to'  the  patents  of  Lamargese,  charcoal 
from  certain  definite  woods,  and  especially  from  resinous 
woods,  alone  o'r  with  an  addition  of  silicon,  gives  excessive 
hardness.  Coke  impregnated  by  residues  from  petroleum 
distillation  is  an  active  carburising  material,  but  it  is  of 
irregular  composition,  which  causes  different  results  in  diffe「 
rent  operations.  A  mixture  of  charcoal  and  concentrated 
solution  of  p o t a ssium -cy an i de  or  charcoal  and  ferro-cyanide 
has  been  ])  a  ten  ted  as  a  means  of  obtaining  rapid  case  harden- 
ing admitting  good  practical  control  of  results.  It  appears 
also  that  the  view  that  the  addition  of  cyanide  of  nickel  or 
potassium  birhro'Tnat©  to'  the  carburising  material  produces 
penetration  of  nickel  or  chrome  into  iron,  is  incorrect. 

In  all  the  experiments  wliich  tlie  author  has  made  at  the 
high  temperature  around  1,000°  C.  (1,832°  Fall.),  the  most 
intense  cas&  carburisation  appears  to  have  been  produced  by  a 
mixture  of  charcoal  with  40  per  cent,  of  barium  carbonate. 
The  most  violent  carbonisation  with  the  largest  hypereutectoid 
layer  at  all  has  been  obtained  by  the  use  of  carbon  alone. 
There  may  be  an  infinite  number  of  formulas  by  the  n&e  o t' 
which  good  results  may  be'  obtained  as  long  as  these  formulas 
do  not  depart  from  the  general  rule  ：  carbon,  or  products 
evolving  carbon,  added  to  little  volatile  salt's,  preferably 
carbonates  or  cyanides,  which  act  as  generators  of  gases  with 
the  carbon  base,  these;  salts  being  in  a  powder  in  a  quantity 
equal  to  that  of  the  carbon.  The  author  only  cautions  against 
the  us©  of  toxic  products  or  products  giving  off  poisonous 
gases,  as  well  as  nitrogenous  products  which  in  mixture  with 
the  carbon  may  produce  explosions.  Saltpetre  in  particular 
must  be  used  only  with  the  greatest  care,  since  otherwise  a 
mixture  approaching  the  composition  of  hlack  powder  】iiav  he 
produced.  A  mixture  of  60  per  cent,  of  saltpetre,  29  per 
cent,  of  prussiate,  and  9  per  cent,  of  colophonium  gives  also 
a  rapidly  acting  explosive. 


VALVES  FOR  WATER  GAUGES. 

The  accompanying  secticoial  views  show  an  arrangefnentr  or 
stop  valve  or  cock  for  water  gauges  of  1  he  type  in  wliir-h 
there  are  two  valves  in  series  actuated  l>y  a  common  rotary 
.spindle,  the  invention  of  M r*.  R.  Kilbuni  and  M«*— r  .1  I Io|>- 
kinson  &  Co. ，  Ltd..  \U  \\  annia  Works,  Birkl'y,  1 1 ii'""'rMi< 小卜 
Figs.  1  and  2  are  longitudinal  sections  of  the  valve, 
showing  hath  valves  closed.  Fig.  3  is  a  section  showing 
both  valves  open.  A  is  the  main  valve  mounted  on 
a    crank    pin     H    on  inner    end    of    tlie  ar-tuatiii^ 

spindle  C，  this  valve  being  pressed  against  its  seat  I)  hy  ？ i 
spring  housed  in  a  recess  in  the  crank  pin.  Tlio  crank  pin 
is  circular  in  cross  section,  and  the  body  portion  of  the  valve, 
whicli  is  mounted  on  tlie  crank  pin,  is  cylindrical,  so  that  tlie 
valve  will  be  free  to  turn  on  tlie  crank  pin.  The  thorough- 
fare controlled  l)y  the  valve  A  is  indicated  at  F  and  forms  a 
coiinnu  nit-at  ion  1  "'tween  the  cliairiher  (J  a  in  I   t  he  out        1 1 


Fig.  3. 


Valvi:s  for  M  ateu  Gaugk«. 


This  thoroughfare  is  closed  when  the  crank  pin  B  is  in  its 
lowest  position,  and  is  opened  by  turning  the  spindle  C  so  as 
to  raise  the  crank  pin.  The  passage  leading  from  the 
thoroughfare  K  to  the  chamber  G  is  coutrolkd  by  ； i  lift  \;ih'' 
L,  the  stem  of  which  extends  downwards  and  terminates  at  a 
suitable  distance  above  the  body  portion  of  the  valve  A  when 
in  its  lowest  position.  Upon  turning  the  spindle  C  the 
thoroughfare  F  is  first  opened  and  then  the  continued  rota- 
tion of  the  spindle  C  brings  the  valve  A  into  contact  with 
the  stem  of  the  valve  L  and  lifts  it,  A  backward  rotation  of 
the  spindle  C  or  a  continuation  of  the  rotation  in  tlie  same 
direction  allows  the  valve  L  to  close  and  then  closes  the  main 
valve  A.  The  spindle  C  can  be  rotated  in  either  direction  to 
open  and  close  the  valves.  Thus  it  will  be  seen  that  the 
main  valve  opens  and  closes  its  thoroughfare  while  remaining 
always  in  contact  with  its  seat,  thereby  ensuring  that  the 
seat  and  valve  face  shall  be  kept  clear  of  dirt. 

Estimation  of  Zinc  in  Bronze. —— In  a  paper  read  U  h  i' 
London  Section  of  the  Society  of  Chemical  Industry  Dr.  T. 
K.  Rose,  chemist  and  assay er  of  the  Mint,  stated  that  the  old 
method  of  estimating  the  zinc  in  coinage  bronze,  which  was 
discontinued  about  1870,  has  recently  been  revived.  The 
advantage  is  the  saving  of  time  effected,  the  personal  time  of 
the  aasayer  being  occupied  for  only  three  to  five  minutes  for 
each  determination.  The  process  consists  in  heating  1  gramme 
of  the  alloy  for  two  hours  in  a  reducing  atmosphere  at  a 
temperature  of  1,375°  and  weighing  the  residue.  Tlie  sample 
is  placed  in  a  carbon  crucible  with  a  closely  fitting  lid,  aiul 
eight  to  16  of  such  crucibles  are  embedded  in  charcoal  in  a 
graphite  pofc  and  heated  in  an  injector  furnace.  Coinage 
bronze  consists  of  copper  95,  tin  4，  and  zinc  1，  and  the  loss  of 
weight'  under  the  conditions  named  amounts  to  1*2  to  1*3  per 
cent.,  about  0*03  per  cent,  of  zinc  being  retained.  Proof 
assays  consisting  of  portions  of  a  trial  plate  of  known  composi- 
tion are  included  in  each  charge.  The  corrected  results  differ 
from  each  other  by  from  0  to  01  per  cent. ,  the  average 
difference  being  0  02  or  0  03  per  cent.  A  few  det^rniiiiations 
have  been  made  of  the  zinc  in  allovs  containing  various 
amounts  up  to  90  per  cent.,  and  found  to  agree  with  results 
obtained  by  the  gravimetric  and  volumetric  methods.  As  the 
amount  of  zinc  is  increased  from  1  to  90  per  cent,  the  loss  of 
copper  rises  from  0*2  to  0  4  per  cent. 
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OIL  FUELS  AND  THEIR  APPLICATION  TO  THE  GENERATION 
OF  POWER, 

BY  PROF.  THOMAS  GRAY,  D.SC,  AND  PROF.  A.  L.  HELLANBY,  D.SC. 

Tiik  ra])id  extension  of  the  use  of  oil  fuel  during  recent  years 
was  undoubtedly  due  initially  to  the  accumulation  of  large 
stocks  of  petroleum,  available  at  low  prices,  but  the  present 
u  idespi  tNuI  deniancl  is  to  be  attributed  largely  to'  a  more 
general  recognition  of  the  greater  convenience  and  efficiency 
of  oil,  compared  with  coal,  and  also  to  the  development  of  the 
Diesel  engine,  which  has  placed  at  the  disposal  of  the 
engineer  a  highly  efficient  method  of  utilising  the  energy 
lalVnt.  in  liquid  fuels.  The  bulk  of  the  petroleum  employed  at 
1  he  present  time  for  the  generation  of  power  is  burned  under 
steam  boilers.  Distilled  oils  from  ]>etroleum  and  tar  and  some 
crude  oils  have  be^-n  extensively  used  in  Diesel  engines,  but 
much  work  remains  to  be  done  before'  it  can  bet  definitely 
asserted  t  liat  tliis  type  of  engine  is  capable  of  dealing  success 
fully  with  the  jnany  varieties  of  petroleum  which  occur 
naturally.  Sufficient  data  have,  however,  heen  accumulated 
t o  i 化 nnit  of  the  following  comparison  of  the  relative  values 
of  oil  and  coal . 

The  Use  of  Oil  for  Steam  Raising.— The  oil  is  ln'oken  up  into 
a  very  finely  divided  spray  by  forcing  it  through  specially 
ronstrui  ted  orifices:  (o)  l>y  means  of  steani  under  pressure, 
(b)  witli  the  help  of  coinpi-essed  air,  or  (r)  by  supplying  the 
oil  itself  under  pressure.  The  flame  produced  by  steam 
injection  is  more  extended,  ami  consequently  cooler  than  thai 
resulting  from  either  of  the  other  methods,  on  account  of  the 
formation  of  water  gas  l)y  i  he  reaction  of  the  steam  with  the 
carlion  present  in  the  oil.  The  combust  ion  space  must,  thei'e- 
fore,  be  ample,  otherwise  there  is  difficulty  in  effecting 
smokeless  combustion.  Provided  this  condition  is  satisfied,  no 
difficulty  is  experienced,  but  the  efficiency  is  reduced  by  the 
presence  of  the  steam,  which  carries  away  into  the'  flue  a  not 
inconsiderable  proportion  of  the  heat  generated.  Injection  of 
the  oil  with  air  is  a  more  rational  method  ；  as  a  portion  of  the 
air  required  for  combustion  is  intimately  mixed  with  the 
finely  atomised  oil,  the  area  of  flame  is  smaller,  and  the 
temperature  is  higher  locally.  To  prevent  the  fuel  from  being 
driven  too  quickly  through  the  combustion  space',  the  injector 
should  be  constructed  to  give  the  oil  a  whirling  motion,  thus 
retarding  its  forward  movement.  In  burners  belonging  to 
class  (c)  the  oil  is  forced  under  pressure  through  spiral 
channels  or  against  the  edges  of  specially  shaped  cutters,  and 
issues  as  a  whirling  mist.  This  type  of  burner  has  proved 
very  successful  in  practice,  and  has  been  widely  adopted. 

The  evapoi-ative  etiicieticv  of  oil,  if  thoroughly  atomised  in 
a  well-design &d  burner,  is  considerably  higher  than  that  of 
coal.  The  results  of  numerous  trials  show  that  one  pound  of 
crude  petroleum  or  residuum,  with  a  net  calorific  value  of 
from  18,000  to  18,250  B.Th.U's.,  will  evaporate  from  U^lbs.  to 
151bs.  of  water  from  and  at  212°  Fah.  This  evaporation  is 
approximately  50  per  cent,  greater  than  that  resulting  from 
an  equal  weight  of  good  steam  coal.  Thess>  figures  do  not,  how- 
ever, represent  the  relative  values  of  oil  and  coal  as  fuels  in 
actual  practice,  sine©  they  leave  out  of  account  the  decreased 
labour  charges  and  other  advantages  of  firing  with  oil.  In 
large  land  installations,  where  the  liandling  of  the  coal  is  per- 
formed by  conveyers  and  mechanical  stokers,  the-  saving  of 
labour  resulting  from  the  adoption  of  a  liquid  fuel  does  not 
constitute  an  important  factor,  but,  on  board  ship,  wliere 
liand  stoking  is  practised,  the  change  from  coal  to  oil  effects 
a  large  reduction  of  the  number  of  men  required  As  the  oil 
is  supplied  to  the  burners  automatically,  and  the  cleaning  of 
firee  and  the  removal  of  ashes  are  unnecessary,  one'  stoker  is 
able  to  attend  to  a  number  of  boilers.  The  bunkering  of  a 
ship  with  liquid  fuel  can  also  be  carried  out  much  more  easily 
and  quickly  than  with  coal ,  with  an  entire  absence  of  the-  dirt 
and  disorganisation  of  work  incidental  to  coaling. 

The  relatively  small  storage  space  required  for  oil  is 
a  further  important  consideration  in  thei  case-  of  a  ship. 
Assuming  the  evaporative  power  of  two  tons  of  oil  to  equal 
that  of  tliree  tons  of  coal,  and  the  volumesi  of  one  ton  of  oil 
and  of  coal  when  stored  to  be  approximately  38  and  45  cubic 
feet  respectively,  the  space   occupied   by   a  petroleum  fu«l 
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is  only  from  55  to  60  per  cent,  of  that  necessary  for  the 
equivalent  quantity  of  coal .  Taking  further  into  consideration 
the  fact  that  oil  may  b&  stored  in  inaccessible  places,  such  as 
between  the  double  bottoms,  from  which  it  may  be  readily 
removed  by  pumping,  it  will  be  evident  that  the  change  from 
coal  to  oil  will  set  free  a  considerable  space  for  additional 
cargo.  It  is  impossible  to  assess  the  value  of  these  advantages 
without  reference  tx>  a  particular  example,  but  the  conclusion 
is  obvious  that  the  ratio,  of  the,  value  of  oil  to  coa  1 ,  weight  for 
weight,  for  the  generation  of  power  on  board  ship,  is  very 
considerably  greater  than  on  land.  Taking  the  various 
advantages  of  oil  fuel  into  consideration,  the  value  of 
petroleum  for  steam  raising  in  aland  installation  is  connnonly 
assumed  to  be  about  twice  that  of  coal. 

The  Use  of  Oil  in  Internal -combustion  Engines. ― Under  favour- 
able conditions  of  load,  the  thermal  efficiency  of  the  Diesel 
engine  is  stated  to  he  33  per  cent.,  which  corresponds,  for  an 
oil  with  a  net  calorific  value  of  18,000  B.Th.U's.  per  pound, 
to  a  consumption  of  0'421b.  per  brake  horse-power  per  hour. 
The  consumption  of  oil  varies  with  the  size  of  Uie  engine,  and 
is  found  in  practice  to  range  from  a  little  above  0*41b.  of  a 
pstroleum  oil  in  tlie  case  of  a  large  engine,  to  about  0'51b.  per 
brake  liorse-power  per  hour  with  an  engine  of  25  li.p. 

Comparing  the  lowest  value  with  the  performance  of  a 
high-class  marine  engine  which  will  use  from  l'51bs.  to  l'Glbs. 
of  coal  per  hour  per  brake  horse-power,  we  find  that  the  weight 
of  coal  used  in  the  coinl^ination  of  boiler  and  steam  engine  is 
from  3  A  to  four  times  the'  weight  of  petroleum  oil 
necessary  to  perform  the  same  work  in  the  Diesel  engine.  If, 
cm  tlie  other  hand,  the  performance  of  the  Die&el  engine  is 
coin  pared  with  that  of  a  steam  engine  supplied  with  super- 
heat e(l  steam ,  the  superiority  of  the  former  is  less  pronounced. 
Within  recent  years  so-called  locomobile  engines  have  been 
developed,  principally  in  Germany,  which  are  guaranteed  by 
the  makers  to'  operate  with  a  consumption  of  ^  kg.  (l'llbs.)  of 
coal  per  brakei  ] i or ser power  per  hour.  In  these  machines 
radiation  losses  are  avoided  by  placing  the  engine  directly 
above  the  boiler,  and  supplying  the  former  with  highly  super- 
heated steam.  Taking  this  figure'  as  a  basis,  the  ratio  of  the 
weight  of  coal  to  that  of  oil  necessary  to  develop  1  b.h.p. 
becomes  fro'm  l'l  to  0'4，  or  2'75  to  1.  There*  seems  little 
room  for  doubting,  however,  that  the  adoption  of  high  super- 
heats in  marine  engines  will  becomei  more  universal  as  more 
experience  is  gained,  and  that  both  with  turbines  and  recipro- 
cating engines  consumptions  of  the  order  of  lib.  of  coal  per 
hour  per  indicated  horse-power  will  become  common.  On 
the  other  hand,  a  further  advantage  in  favour  of  the  oil 
engine  is  the  practical  absence'  of  stand-by  losses,  which 
frequently  accoiunt  for  a  considerable  proportion  of  the  coal 
consumption  when  a  steam  eingine  is  used  intermittently. 

Regarded  solely  from  the  standpoint  of  fuel  efficiency  the 
oil  engine  is  admittedly  far  superior  to  the  combination  of 
boiler  and  steam  engine,  but  the  question  of  the  relative  costs 
of  generating  power  by  the  twoi  systems  depends  also  on  other 
factors,  and  can  only  be  answered  when  the  conditions  under 
which  the  plant  operates  are  specified.  The  initial  cost  of  a 
Diesel  installation  is  very  considerably  greater  tlian  that  of 
a  steam  engine  and  boiler,  and  the  higher  interest  and  depre- 
ciation charges  may  more  than  co'unt&rbalance  the  saving  in 
fuel  costs.  In  localities  wliere  the  cost  of  fuel  is  high,  and  the 
engine  is  running  continuously,  the  fuel  charge  represents  a 
large  item  in  thei  total  cost,  and  the  advantage  lies  with  the 
Diesel  installation.  If，  on  the  other  hand,  fuel  is  cheap  and 
the  load  factor  low,  the'  fuel  costs  are  relatively  small,  and 
the  conditions  are  unfavourable  to  the  operation  of  tlie  oil 
engine.  The  relative'  prices  of  oil  and  coal  are  obviously  an 
important  factor  in  t】ie'  comparison  of  costs. 

The  high  efficiency  and  other  advantages  of  the  Diesel 
engine  are  now  generally  recognised,  but  its  adoption  in  prac- 
tice is  progressing  comparatively  slowly.  This  is  accounted 
for  by  the  natural  reluctance'  of  the  power  user  to'  commit 
himself  to  a  type  of  engine  which  can  only  deal  with  oil,  until 
an  adequate  supply  of  suitable  liquid  fuel  at  a  reasonable  price 
is  assured.  There'  is  also  a  disinclination  on  the  part  of 
engineers,  who  have  experienced  the  convenience  of  working 
witli  steam  turbines,  to  take  what  they  consider  to  be  a  ret  ro- 
grade  step  in  building  an  engine  with  heavy  】'ecipr(x\atiiig 
masses.  Conditions  in  Great  Britain  are,  at  tlie  present  time, 
unfavourable  to'  the  development  of  the  Diesel  engine,  and 
the  possibility  of  increased  supplies  of  oil  fuel,  which  is  ai， 
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essentia]  condition  of  further  pi'o^t'css,  has  1>c(mi  widely  dis- 
cussed ； we  propose  to  deal  at  ('()"si(l('rahlt'  len^l  h  w i 1 1 1  I  his 
important'  aspect  of  the  liquid  fuel  question  in  the  i"('、i  ill 
paper. 

Classification  of  Oils. ― Tlie  various  imlust rial  oils  may  1)，' 
grouped  into  the  following  classes :  Class  I. ― Petroleums, 
shale  oils,  lignite  oils,  and  their  products  of  distillation. 
Class  II. ― Coal  tar  and  tar  oils.  Class  III. ― Vegetable  and 
animal  oils. 

The  oils  which  are  grouped  together  in  Class  I.  have  similar 
chemical  and  physical  properties,  and  are  used  for  the  same 
purpose's.  So  far  as  Great  Britain  is'  concerned  lignite  oils  and 
the  oils  of  classi  III.  may  b&  ■eliminated  from  th©  above  list. 
Tlie  production  of  ('rude  lignite'  oil  is  confined  to  Germany, 
and  the  total  output  during  the  20  years  from  1890  to  1909 
only  averaged  about  60,000  tons  per  annum .  Vegetable  and 
animal  oils  are  produced  in  large  quantities,  but  they  com- 
mand prices  which  remove  tliem  from  the  category  of  possible 
fuels.  In  tlie  order  of  importance  th©  petroleums  stand  alone ； 
but  interest  in  this  country  c&ntreGi  round  the  coal  tars,  shale 
oils,  and  the  oils  produced  from  thes&  by  distillation,  and  for 
this  reason  the  space'  available  for  the  pi'es'&"t  paper  will  he 
devoted  largely  to'  a  discussion  of  thes&  products. 

Coal  Tar. —— This  is  a  highly  complex  mixture,  composed  of 
hydrocarbons,  phenols,  compounds  containing  nitrogen  and 
sulphur,  free  carbon,  and  variable  quantities  of  ash  and  water  ； 
the  nature  of  the  two  first-named  classes  of  substances  largely 
determines  the  co-nun etrcial  value  of  the  material.  Industrial 
tars  are  usually  classed  as :  (1)  Gas  tars,  including 
horizontal,  inclined,  and  vertical  r&tort  tars,  and  chamber 
oven  tars.  (2)  Coke-oven  tar.  (3)  Blastfurnace  tar.  (4) 
Producer  tar,  all  of  which  are  derived  from  coal.  (5)  Water- 
gas  and  oil-gas  tars. 

The  available  information  regarding  the  physical  and 
chemical  constants  of  thei  tars  produced  in  this'  country  is 
somewhat  scanty .  These  properties,  so  far  as.  they  affect  the 
suitability  of  ta'r  for  us©  as  a  fuel  in  internal-combustion 
engines,  have,  however,  been  more  closely  studied  in  Germany 
and  Switzerland,  and  are  dealt  with  com pr eh e n si v e  1  y  by 
Constam  and  Schlapfer  in  a  paper  which  appeared  in  the 
Zeitsclirift  des  Vereins  deutsicher  Ingenieure^  to  which 
reference  may  here  be  made  for  a  statement  of  previous  work 
in  the  same  field .  From  this  source'  the'  following  data  are 
largely  derived  : —— 

Gas  Tars. ― The'se  are  produced  as  a  by-product  in  the 
manufacture  of  illuminating  gas  by  distilling  coal  in  hori- 
zontal, inclined,  or  vertical  retorts,  and  in  so-called  chamber 
ovens.  The'  bulk  of  the  gas  produced  in  this  co*untry  is  still 
made  in  horizontal  retorts,  but  the&ei  ar©  being  gradually 
replaced  by  retorts  of  the  vertical  type;  the  otlieir  forms 
referred  to  are  relatively  little  u&ed.  Tar  from  horizontal 
retorts  has  a  specific  gravity  of  from  1'15  to'  1*25 ;  it  may 
contain  up  to  35  per  oemt.  of  free  carbon,  and  as  much  as 
10  per  cent,  of  water  ；  normally  the'  free  carbon  will  average 
about  20  per  cent.,  and  the'  water  from  3  to  5  per  cent.  The 
dry,  ash -free  tar  contains  carbon  from  90  to  93  per  cent., 
hydrogen  from  4'5  to  5*5  per  cent.,  sulphur  from  0  3  to  1 
(usually  about  0*5)  per  cent.,  and  leaves,  on  distillation, 
a  residue  of  pitch  amounting  to'  from  55  to  65  p&r  cent.  ；  the 
higher  calorific  value  ranges  from  16,200  to  16,500  B.Th.U's. 
per  pound.  The'  lighter  varieties  contain  the  larg-er  proportion 
of  hydrogen,  are'  low  in  carbon,  and  have  the  higlier  calorific 
value. 

Tar  from  included  retorfa  clos&ly  resembles  that  from  hori- 
zontal retorts  but  is  usually  somewhat  lighter.  Constam  and 
Schlapfer  {Jar.  rit.)  give  the'  following  limiting  values  for  eight 
samples  examined  by  them ― specific  gravity  from  1'125  to 
1'157，  water  from  1"1  to  7'3  per  cent.;  the  dry,  ash -free  tar 
contained  carbon  from  89*3  to'  90*4,  hydrogen  from  5*9  to'  6*4, 
sulphur  from  0'4  to  0*7,  free  carbon  from  10  to  19*3  per  cent., 
and  had  a  higher  calorific  value  from  9,096  to  9,207  calories 
per  kilogramme  (16,370  to  16,570  B.Th.XTs.  per  pound).  Tlio 
residual  pitch  on  distillation  varied  from  47*6  to  54*7  per  t-ent . 

Tar  from  rcrficdl  retorts  more  nearly  approaches  the  low 
temperature  product  in  character.  On  account  of  its  greater 
fluidity,  water  separates  more  readily,  and  the  settled  tar 
usually  contains  less  than  3  per  cent,  of  water.  The  propor- 
tion of  free  carbon  is  generally  less  than  3，  and  frequently 


does  not  amount  to  2  per  cent.  Constam  atnl  S''hl;i!"Vr  t'ound 
the  constants  of  15  samples  to  vary  between  tlie  following 
limits ― specific  gravity  from  1*057  to  1  123,  and,  in  tlx- 山 v. 
； (Kli-free  tar,  residue  of  pitch  from  31'5  to  47  per  cent.,  carbon 
from  87'6  la  89  9，  hydrogen  from  6  to  7'3,  free  carhon  from 
11  to  5'7  per  cent.,  and  gross  calorific  value  from  9,167  to 
9,479  calories  (16,500  to  17,060  B.Th.XTs.  per  pound). 

Ta r  I r<> ///  rluimhtr  ofeiifi  resembles  that  from  vertical 
retorts  very  closely.  ( 'ohf-nren  fa  rs  vary  considerahl  v,  but, 
generally  speaking,  they  resemble  horizontal  gas-oven  tars, 
and  are  typically  high-temperature  products.  Tlie  free  rai  l" 川 
is  usually  less  than  10，  though  it  may  exceed  15  |ht  '卞 i" . 
Constam  and  Sclila])fer  give  for  12  samples  the  liinit»-  .s|M-cil'n- 
gravity  from  1.14  to  1182  ；  tlie  dry,  ash-free  tar  contained 
carbon  f rorn  89*6  to  92*2,  hydrogen  from  51  to  5  7,  free 
carbon  from  2'2  to  10  3,  and  had  a  gross  calorific  value  of  from 
9,089  to  9,221  calories  (16,360  to  16,600  B.Th.XTs.  per  pound). 

Tlie  majority  of  the  tars  referred  to  above  contain  a  small 
proportion  of  ash,  wlucli,  however,  generally  doas  not 
0'  1  per  cent.,  and  frequently  amounts  only  to  a  trace. 

Hhoitf uDutrt  far  production  is  practically  confined  to  t  lif* 
West  of  Scotland,  where  splint  coal  is  used  for  the  reduction 
of  iron  ores  in  the  blastfurnace.  It  is  a  low-teifi peratuie  |m  d 
duct.  The  sp&cific  gravity  of  the  filtered  and  dehydrated  tar 
is  approximately  1*08.  This  variety  of  tar  invariably  contains 
a  large  proportion  of  ash.  It  gives  from  33  to  35  per  cent,  bv 
weight,  or  about  40  per  cent,  by  volume,  of  an  oily  distillate, 
leaving  a  residue  of  about  65  per  cent,  by  weight  of  pitch  ；  tlie 
residual  pitch  may  contain  from  9  ta  20  per  cent,  of  ash. 

1 1 '*7  〃'/•-,/〃,、'，  o〃-,/〃.、,，  and  prod  urer-ff/iK  〃//'.、'  represent  a 
relatively  small  proportion  of  the  total  tar  production  of  this 
country  ；  a  detailed  description  of  their  properties  seems, 
therefore,  unnecessary.  For  information  regarding  the  two 
first-named  varieties  reference  m ay  be  made  to  the  paper  by 
Constam  and  Schlapfer,  already  referred  to. 

The  bulk  of  th©  tar  produced  in  this  country  is  subjected  to 
distillation.  In  the  raw  state,  or  in  the  form  of  boiled  tar, 
prepared  by  distilling  off  the  light  oil  from  the  crude  material, 
it  is  used  for  coating  timber,  metals,  stone ,  and  earthen- 
ware, in  the  manufacture  of  roofing  felts,  and  for  coating 
roads.  The  u&s  of  tar  macadam  has  extended  rapidly  (luring 
the  last  five  years,  and  the  future  consumption  of  tar  in  road- 
making  is  likely  to'  have  an  important  influence  on  tlie  suj>]>lv 
-available  for  other  purposes. 

The  value  of  tar  as  a  fuel  for  steam  raising  is  estimated  bv 
Wright  and  other  authorities  to  be  about  20  per  cent,  greater 
than  that  of  coke.  Crude  tar,  on  account  of  the  presence  of 
varying  proportions  of  free  carbon  and  water,  which  interfere 
with  the  regular  working  of  the  injectors,  has,  however,  never 
found  favour  a&  a  fuel  for  steam  raising,  and  its  use  for  this 
purpose  has  rather  been  regarded  as  a.  convenient  method  of 
disposing  of  a  material  for  which  no  other  profitable  outlet 
could  be  found. 

The  objections  above  referred  to  apply  with  even  greater 
force  to  the  employment  of  tar  in  Diesel  engines,  but  the 
possibilities  from  the  point  of  view  of  economy  are  much  more 
attractive.  From  the  results  of  a  number  of  trials  with  a  100 
h.p.  Diesel  engine,  built  by  Korting,  Allner  draws  the  con- 
clusions that  ooal  tar  from  vertical  ovens  will  be  the  futu re 
fuel  for  Diesel  engines  in  Germany,  but  Kutzbach  and  Miiller 
regard  this  view  as  unduly  optimistic.  Miiller  refers  to  the 
variable  proportions  of  free  water,  carbon ,  and  pitch  in  crude 
tars  and  statss  that  they  lack  the  constancy  of  composition 
which  lie  regards  as  an  essential  quality  for  successful  working. 

Nagel  reports  on  a  100  h.p.  Diesel  engine,  built  in  the 
Niirnberg  works  for  the  experimental  coke  plant  of  Otto  and 
Co.  in  Dahlhausen  which  had  b&en  running  without  interrup- 
tion, Sundays  excepted,  since  February  8th  till  the  date  of  his 
paper  (July).  The  tar  employed  was  a  black,  viscous  liquid 
at  ordinary  temperatures,  having  a  lower  calorific  value  of 
8,300  calories  per  kilogramme,  and  up  to  15  per  cent,  of  free 
carbon  ；  the  price  of  the  tar  was  from  20  to  21  marks  per  ton 
at  the  ovens. 

Diesel  classes  "  tars  from  horizontal  and  inclined  retorts  ，， 
as  unsuitable,  and  "  vertical-oven ，  water-gas,  and  oil -gas  tars, 
probably  also  coke-oven  tars/*  as  suitable  fuel 9  if  used  with 
the  aid  of  special  apparatus.  Constam  and  Schlapfer*  give 
the  physical  and  chemical  constants  of  74   samples  of  the 
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different  varieties  of  tar,  some  of  which  have  been  used  in 
Diesel  engines.  Referring  to'  the  published  information 
regarding  industrial  tars,  tliey  stale  that  only  those  from 
vertical  retorts  and  coke  ovens,  with  one  single  exception, 
have  proved  suitable  for  the  Diesel  engine,  the  case  referred 
to  being  a  750  h.p.  engine  which,  however,  was  always  worked 
at  full  load  ；  the  tar  employed  was  derived  from  coal  distilled 
in  an  inclined  oven ,  and  it  is  of  interest  to  note,  that  the 
sample®  of  this  particular  tar  examined  contained ― water 
from  17  to  3'4，  and  free  carbon  from  11'6  to  12*6  per  o&nt. 
The  authors  state  that  they  are  familiar  with  a  number  of 
cases  of  satisfactory  experimental  trials  with  vertical-oven 
tars  over  considerable!  periods,  citing  the  constants  of  the  tars 
used,  but  that  tliey  know  of  no  case'  of  continuous  working 
under  varying  conditions  in  practice.  They  believe  themselves, 
however,  to  be  justified  in  concluding,  from  the  results  of  their 
examination  of  vertical-retort  and  chamber-oven  tars,  that 
these  are  suitable  fuels  for  Diesel  engines,  provided  they 
contain  only  a  small  proportion  of  water  and  ash,  and  possess 
a  high  degree  of  fluidity. 

Two  cases  of  the  employment  of  coke-oven  tar  are  men- 
tioned, one  of  these  being  the  100  h.p.  engine  in  Dahlhau&en 
already  referred  to'.  Constam  and  Sclilapfer  draw  attention  to 
the  very  variable  composition  of  tars  even  from  the  same 
source,  and  emphasize  the  necessity  of  ascertaining  before  use 
tlie  proportions  of  water,  ash,  coke,  and  free  carbon,  as  the 
tars  whicli  are  most  fluid  and  contain  the  smallest  proportions 
of  these  constituents  give'  least  trouble  in  actual  use.  They 
add  tli at  the  tar  oils  are  much  more  satisfactory  fuels  than  the 
tars  themselves,  and  that  the  effect  of  unburnt  tar  particles 
which  form  resinous  deposits  in  the  fuel  valves,  spraying 
arrangements,  and  pumps,  should  not  be  lost  sight  of.  They 
suggest  that  suitable  tars  must  possess  the  following  qualities  ： 
Ash  content ― at  most,  a  trace.  Water — not  more  than  3  per 
cent.  Free  carbon ― not  more  than  3  p&r  cent.  Lower 
calorific  value ~~ at  least  8,600  calories  per  kilogramme. 

From  published  evidence  it  appears  that  the  use  of  tar  in 
the  Diesel  engine  has  been  largely  experimental  in  character, 
and  that  the  favourable  opinions  regarding  the  suitability  of 
this  fuel  have  not  received  the  unqualified  support  of  experts. 
Summarising  th©  published  evidence  it  appears  tliai  ：  (1)  Gas 
tars  from  horizontal  and  inclined  retorts  are  unsuitable.  (2) 
Gas  tars  from  vertical  retorts  and  chamber  ovens,  generally 
speaking,  give  satisfactory  results  when  used  with  an 
auxiliary  fuel.  (3)  Some  coke-oven  tars  are  suitable.  (4) 
Water-gas  and  oil -gas  tars,  if  freed  from  the  ash  and  water — 
often  present  in  considerable  quantity — give  satisfactory 
results. 

So  far  as  Great  Britain  is  concerned,  the  supply  of  tar 
which  may  be  assumed,  without  further  experiments,  to  be 
suitable  is  comparatively  limited.  The  coal-gas  and  coke 
industries,  in  tlie  order  named,  are  the  largest  contributors  to 
the  tar  output  ；  the  tar  from  the  first  source  is  still  principally 
derived  from  horizontal  retorts,  though  the  replacement  of 
these  by  vertical  retorbs  is  progressing  steadily.  A  consider- 
able proportion  of  the  tar  from  coke  ovens  will  probably  prove 
to  be  too  viscous  to  give  satisfactory  results  in  engines'  of  the 
existing  design. 

(To  be  continued,) 


APPROXIMATE  MELTING  POINTS  OF  COPPER  ALLOYS* 

BY  H.  、V.  GILLETT  AND  A.  B.  NORTON. 

In  the  course  of  investigations  of  brass  melting  furnaces  it 
was  necessary  to  determine  the  approximate  melting  points 
of  a  few  of  the  common  brasses  and  bronzes.  The  binary 
systems  of  copper-tin  and  copper-zinc  alloys  have  been 
thoroughly  worked  out  not  only  as  to  melting  points,  but  as 
to  the  full  phase  rule  relationships,  showing  the  different 
phases  present  in  tlie  solid  alloys  at  different  temperatures, 
and  also  as  to  tensile  strength.  The  United  States  Alloys 
Research  Board,  under  Thurston,  studied  Hie  mechanical  pro- 
perties of  the  ternary  systems  of  copper-zinc-tin  alloys  in 
detail,  but  as  pyrometers  were  not  perfected  at  the  time  of 
that  investigation  the  temperature  measurements  were  con- 
fined to  very  crude  ones  on  the  pouring  temperatures  of  the 
two  binary,  copper-tin  and  copper-zinc,   systems,   made  by 

*  Paper  rearl  >>efore  tlie  Chicago  meeting  of  the  Anieiican  Institute  of  Metals. 
October,  1913. 


pouring  the  molten  alloy  into  water,  measuring  the  rise  in 
temperature  of  the  water  and  figuring  the  pouring  tempera- 
ture from  the  assumed  specific  heat  of  the  alloy.  The  method, 
though  the  only  one  available  at  the  time,  was  so  crude  and 
subject  to  so  many  errors  that  the  figures  are  of  little  or  no 
value.  Experiments  on  the  copper-zinc-tin  system  from  the 
phase-rule  point  of  view  are  in  progress  at  Cornell  University, 
but  no  melting-point  determinations  have  yet  been  made. 
Thus,  while  the  melting  points  of  the  two  binary  systems  are 
well  known,  those  of  the  commercial  casting  alloys  containing 
copper,  zinc,  tin,  and  lead,  or  copper  with  two  of  the  other 
components,  have  had  little  or  no  study. 

Very  few  figures  on  the  melting  points  of  ternary  and 
quarternary  alloys  can  be  found  in  the  literature  on  alloys. 
Primrose  mentions  pouring  gun  metal  consisting  of  88  parts 
copper,  10  parts  tin,  and  2  parts  zinc,  at  950°  C.  (1,740° 
Fall.),  tli  is  temperature  being  far  too  cold  and  giving  a  very 
poor  casting  of  very  low  tensile  strength,  hence  evidently  not 
far  above,  thei  melting  point.  This  figure  is  probably  not 
correct,  as  an  alloy  consisting  of  90  parts  copper  to  10  of  tin 
has  a  melting  point  of  about  1,005°  C.  (1,840°  Fah.)，  and 
2  parts  of  zinc  would  probably  not  lower  the  melting  point 
to  such  a  degree.  Primrose  in  a  later  paper  shows  a  cooling 
curve  for  gun  metal  containing  88  per  cent,  of  copper,  10  of 
tin,  and  2  of  zinc,  with  less  than  0'2  per  cent,  of  lead  (exact 
analysis  not  given),  which  shows  the  melting  point  (liquidus) 
at  1,010°  C.，  or  slightly  above  that  for  a  corresponding  zinc- 
free  bronze,  although  some  lowering  of  the  melting  point  }>v 
the  zinc  might  be  expected.  Longmuir  also  poured  some 
alloys  at  a  temperature  at  which  the  metal  would  just  flow, 
and  so  cold  that  in  all  cases  the  castings  were  poor  and  tlie 
tensile  strength  very  low.  The  results  obtained  by  Longimiir 
were  as  follows: — 

Degrees,  Degrees, 
Alloys.  Cent.  Fah. 

Gun  metal    965    ...  1,770 

Yellow  brass    850  1,560 

Red  brass   1,058    ...  1,935 

Muntz  metal   943    ...  1,730 

These  figures  also  are  probably  not  accurate.  The  remark 
made  on  the  earlier  figure  by  Primrose  for  gun  metal  applies 
here.  Th©  composition  of  the  alloys  was  not  given.  If  it  be 
assumed  that  the  names  given  have  their  normal  significance 
the  yellow  brass  would  be  about  65  parts  copper  and  35  parts 
zinc,  an  alloy  which  melts  at  about  915°  C.  (1,680°  Fah.),  and 
the  Muntz  metal  would  contain  60  parts  copper  and  40  parts 
zinc,  an  alloy  which  melts  at  about  890°  C.  (1,635°  Fah.). 
Muntz  metal  has  a  lower  melting  point  th an  yellow  brass, 
not  higher,  as  shown  by  these  figures.  Similarly,  red  brass 
of  the  common  composition,  which  is  about  85  parts  copper, 
5  tin,  5  zinc,  and  5  lead,  has  a  lower  melting  poinb  tlian  gun 
metal  (taken  as  88  parts  copper,  10  of  tin,  and  2  of  zinc). 

Karr  used  a  radiation  pyrometer  in  determining  the 
melting  points  and  pouring  temperatures'  of  some  copper 
alloys.  For  an  alloy  of  68*8  parts  copper,  0'2  of  lead,  and 
31  of  zinc,  he  gives  1,640°  Fall.  (895°  C.)，  which  is  consider- 
ably lower  than  the  true  melting  point,  evidently  because 
of  the  well-known  deviation  from  black-body  conditions  of 
molten  copper  or  its  alloys.  He  gives  1,650°  Fah.  (900°  C.) 
as  the  melting  point  of  one  alloy  containing  84  per  cent, 
copper,  1,735°  Fah.  (945°  C.)  for  that  of  another  of  the 
same  copper  content,  and  1,850°  Fah.  (1,010°  C.)  for  another 
said  to  correspond  to  gun  metal,  but  containing  no  zinc. 

Since  the  literature  on  the  subject  was  found  to  be  so 
meagre,  it  was  decided  to  obtain  figures  on  the  melting  points 
of  a  few  typical  commercial  alloys  with  sufficient  accuracy 
for  the  purpose  in  hand.  The  alloys  were  melted  in  a  gas 
furnace.  Instead  of  using  the  ordinary  shape  of  crucible 
which  exposes  too  large  a,  surface  to  volatnisatioiiL  and  oxida- 
tion, crucibles  were  made  from  some  bonded  carborundum 
tubes  which  were  in  stock  from  a  previous  investigation. 

The  carborundum  tubes  were  about  4"5  cm.  inside  dia- 
meter and  had  about  8  mm.  walls.  They  were  cut  to  about 
15  cm.  long  and  an  artificial  graphite  plug  was  fitted  at  one 
eiul  to  form  the  bottom,  luting  it  into  place  with  a】un(hu" 
cement.  Considering  the  cost  of  machining  out  a  crucible 
from  a  graphite  rod,  as  well  as  tli  at  of  the  grapliite  itself, 
these  were  much  el i en  per  t  lian  artificial  graphite  crucibles, 
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especially  us  tliey  do  not  l)iu*n  away  anywhere  near  as  fast 
as  graphite.    Tlieir  life  was  ； is  lmig  as  that  of  ordinary 
crucibles  of  fireclay  and  ^rapliiie  inixiures.      The  t 柳 |"'r;i 
tures  were  measured  l)y  a  plat  inuni,  plalimnii-rlioditnn  ther- 
mocouple used  with  a  single  pivot  galvanometer. 

The  couple  was  calibrated  against  one  wliicli  in  tuni  had 
been  checked  against  one  calibrated  hy  Mie  l>ureau  of  stan- 
dards, the  seccmdai'v  standard  being  read  on  a  potent ionietor, 
and  the  scale  found  to  be  correct  within  the  limits  of  error 
of  reading.  Tlie  calibration  was  also  cliecked  up  l>y  reading 
the  melting  joints  of  copper,  of  common  salt,  and  of  a  bronze 
of  90  parts  copper  and  10  parts  tin.  Tlio  scale  was  correct 
within  the  error  of  reading  at  tliese  points.  The  thernioroupk' 
wires  were  inaulaied  by  Marquardt  tubing  of  1  nim.  bore 
and  2  nun.  iit  outside  diameter,  and  the  hot  junction  was 
slipped  into  a  Marquardt  tube  30  cm.  long  and  9  mm.  out- 
side diameter  and  5  nun.  inside  diameter  closed  afc  one  end. 


lironz*;  Iiad  approximately  the  l'olIo\vin<;  conipo^it  wjii  :  ('«,p|"'r， 
56  j>er  cent.;  zinc  4  1  per  cent.  ；  iron  ?  1'5  per  cent.  ；  tin,  0  'J 
per  cent.  ；  aluminum,  0*45  per  cent.,  and  manganese,  015  |>er 
cent.  As  it  was  first  cast  into  hii  jn^ot,  tlien  remdted  and 
cast  into  test  bars  and  these  again  rernelted  for  nieltin^-poiiit 
determination,  tlie  zm(:  content  was  probiMy  nearer  40  than 
41  per  cent,  and  the  copper  nearer  57  tlian  56  per  ""it.  wli'  ii 
the  melting  points  were  taken.  This  sain])le  was  not  ； malv.""l. 
The  melting  point  given  is  the  lirjuidus,  or  point  ^ivou  、\l"'n' 
freezing  begins  on  cooling  and  ends  on  l"';itiiig.  Tli 卜 卜 inor*- 
strongly  marked  tlian  the  solidus,  or  point  where  freezing 
ends  on  cooling  or  begins  on  heating. 

The  data  obtained  in  the  deterniination  of  the  nicltiii"' 
points  of  several  alloys  are  given  in  Table  I.  As  the  results 
all  checked  within  5°  C.，  an  allowance  of  ±  10°  C*  or  土 
20°  Fall,  is  probably  ample  to  cover  all  errors  of  vi'H<l\n^  ； i ihI 
of  calibration  and  use  of  the  pyrometer.    For  comparison,  the 


Table  I. —  /"'.、•"〃,、■  of  .1/, 


/'"〃//  /Jt/tr /tt uuff /()//.<  of  10  *  1  Ihnjs. 


Composition  Aimed  at. 


Alloys. 


(Jim  metal  

Lofulod  ^un  metal  . 

J  U'd  brass  

Low  grade  rc( i  brass 

I  a* axled  bronze  

Bronze  witli  ziiu-. . . 
Half  yellow,  half  red 
Ca.st  yellow  brass. . . 

Naval  bra.ss  

Manganese  bronze  . 


Copper. 


Zinc. 


Tin. 


Composition  by  Analysis. 


Copper. 


Zinc. 


Tin. 


Lead. 


No.  of 
Duplicate 

Ueter- 
nin.itions 


Melting  Point 
(LirtuiduH). 


Kah. 


: {'1  samples  I. 


The  open  end  of  this  tube  was  fastened  into  an  open-ended 
porcelain  tube  35  cm.  long,  10  mm.  inside  dianieter, 】4  "ini. 
outside  diameter  by  alundum  cement.  This  arrangement 
served  to  protect  the  couple  from  zinc  fumes  or  reducing 
gases.  The  end  of  the  protecting  tube  was  in  turn  protected 
from  the  molten  metal  by  an  artificial  graphite  boot,  9  cm. 
long  and  with  3  mm.  walls. 

There  is  a  considerable  time  lag  in  the  pyrometer  reading 
when  a  cold  protecting  tube  and  boot  is  plunged  into  molten 
nietal,  but  after  the  tube  is  once  hot  the  lag  is  small.  As  the 
melting  points  were  not  determined  by  noting  when  the  metal 
solidified,  but  by  plotting  temperatures  against  time,  the 
proper  temperatures  for  the  heat  evolution  on  freezing  or  heat 
absorption  on  melting  should  be  shown  even  if  there  was  some 
lag.  About  600  grammes  of  meifcal  were  used  in  making  tlie 
tests,  the  metals  were  weighed  out  in  the  proper  portions  to 
form  the  alloy  desired,  a  slight  excess  of  zinc,  increasing  with 
the  increasing  zino  content,  being  allowed  to  com pensat©  for 
volatilisation.  Electrolytic  copper,  Bertha  zinc,  and  chemi- 
cally pure  lead  and  tin  were  used.  The  copper  was  melted 
first  and  covered  witli  granular  carbon  an  J  a  little  salt.  When 
the  copper  was  melted ^  the  tin,  the  lead,  and  lastly  the  zinc 
were  added,  and  the  alloy  well  stirred  with  a  graphite  rod. 

When  the  alloy  was  fully  melted  and  mixed,  the  pyro- 
meter was  inserted  and  so  clamped  that  the  graphite  boot  did 
uot  touch  the  bottom  or  sides  of  the  crucible.  The  gas  flame 
was  lowered  and  the  temperature  read  every  15  seconds, 
stirriug  between  each  reading.  Wlien  the  alloy  had  frozen 
tlie  gas  was  turned  up  and  a  heating  curve  taken.  This  was 
repeated  several  times.  Zinc  was  continually  volatilised  from 
tlie  melts  containing  zinc,  but  not  in  sufficient  quantity  to 
exert  appreciable  influence  on  the  melting  point,  as  diq>li('a"、 
runs  agreed  within  5°  C.  in  all  cases.  After  the  runs  were 
completed,  the  melt  was  poured  in  most  cases  into  an  ingot 
mould,  sampled  and  analysed.  As  the  analyses  agreed  "HI 
with  the  composition  aimed  at  on  the  samples  analysed,  the 
melts  not  containing  zinc  were  not  a»ialysed.  i)uplira"、 
analyses  of  the  same  sample  agreed  within  O'l  per  cent. 

All  the  melts  were  made  up  from  virgin  metals  except  the 
sample  of  mangaii6S&  bronze,  which  was  in  the  form  of  test- 
bar  ends  from  a  previous  investigation.  Tt  had  tested  76,000 
to  77,0001bs.  per  square  inch  tensile  strength  and  24  to  ；15  per 
cent,  elongation  in  the  standard  brick-form   test  bar.  The 


melting  point  (li(jiiidus)  Ii^\u*es  tor  hinarv  systems  of  co|>|m_t 
tin,  coj)per-zinc  and  copper-lead  alloys  for  the  range  covering 
the  coinuion  industrial  alloys  are  given  in  Table  II.  The 
figures  are  only  accurate  to  within  about  土  10QC.  or  ：'；  Fall. 

Although  melting  point  deteriiiinatioiis  were  Tiiadc  on  on  l  v 
11  alloys,  those  chosen  represent  a  large  proportion  of  the 


Table  II —Mrltnuj  "t  Tin 

Co piter-Tin  Al /"〃 . 


Parts  by 
Copper. 

Weight  Tin. 

Molting  Point. 

c:  r:  x  x 

10 

l.> 

20 

c. 

1 

mo 

890 

Cop  per- Z 

inc  Alloy. 

Ziiu-. 

10 

20 

:K, 
35 
40 

<  *opf}f  r-hmf  A  Hot/. 

Lca<l. 

10 
15 

c. 

l.(»r>o 

l.'m 

Kah. 
1. !»:»，》 

l.S'.K') 

non-ferrous  alloys  m  use  in  the  ordinary  foundrv.  Maiiv  of 
the  other  common  alloys  are  near  enough  in  composition  to 
these  or  to  the  binary  alloys,  whose  melting  points  are  given, 
to  allow  obtaining  the  melting  point  by  interpolation  close 
enough  for  most  technical  puipo^es. 


H  7  7  7  7  7  ,h  h 


r,-  r:  c;  r;  nr.  n  K  N 


1  2  3  3 
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PRODUCING  SOUND  INGOTS  BY  JARRING. 

A  method  of  producing  sound  ingots  by  jarring  has,  accordinp, 
to  The  Iron  Age,"  been  patented  by  Mr.  S.  T.  Wellman, 
Cleveland,  Ohio.  In  carrying  out  the  invention  a  tapered 
mould  is  used,  having  it's  upper  end  largest,  with  preferably 

vertical  side  walls  from  the 
point  a  downward,  as  shown  in 
the  illustration.  There  is  a 
hole  a1  in  the  bottom  of  tlie 
mould,  covered  with  a  bottom 
plate  b.  The  primary  features 
are  that  the  mould  is  partly 
filled  by  dry,  free-flowing  sand  d， 
which  rests  on  the  plate  b,  and 
in  turn  supports  the  plate  c  \ 
in  the  lower  end  of  the  mould 
there  is  an  opening  a'%  or  several 
of  them,  through  which  this 
sand  may  slowly  flow  out.  A 
conical  pointed  valve  e  screws 
through  a  lug  f  fixed  to  the 
side  of  a  sand  delivery  spout  g. 
The  purpose  of  the  plate  c  is  to 
keep  the  metal  from  direct  con- 
tact with  the  sand,  and  of  the 
bottom  plate  b  to  afford  a  con- 
venient means  by  which  the 
solidified  ingot  may  be  forced 
out.  While  the  metal  is 
solidifying  and  being  jarred 
the  sand  is  allowed  to  flow  out 
at  such  a  rate  as  will  allow  the 
shrinking  ingot  shell  to  settle 
down  and  maintain  contact  with 
the  side  walls,  thus  being 
sufficiently  compressed  laterally 
to  force  the  still  fluid  and 
] tasty  metal  upward ,  filling  what  might  otherwise  beoom©  a 
permanent  pipe  and  preventing  the  cracking  of  the  mould. 
A  heavy  weight  h  at  the'  top  resting  on  the  metal  has  been 
found  of  advantage. 


Apparatus  fob  Jarring  Ingot 
Moulds. 


THE  PRODUCTION  OF  ALUMINIUM  CASTINGS, 

BY  J.  W.  COLLINS. 

The  following  remarks  apply  particularly  to  thei  production 
of  such  sections  as  autoinobilei  crank  cases,  oil  pans,  and 
transmission  cases  from  an  alloy  consisting  of  92  per  cent . 
aluminium  and  8  per  cent,  copper.  Thei  sand  used  for  this 
work  should  be  very  fine  and  should  contain  only  a  small 
amount  of  clay.  Sands  high  in  clay  will  cause  endless'  trouble 
from  blows  over  projecting  green  sand  cores,  even  when 
venting  and  skin-drying  are  resoi*t>ed  to  .  Tha  sand  also  should 
be  worked  as  dry  as  possible  and  still  liave  it  hang  in  the 
mould .  In  wetting-down  the  sand  after  shaking-out  the 
moulds,  great  car©  must  be  exercised  to  prevent  getting  the 
sand  too  wet,  as  this  fine  sand  does  not  absorb  water  readily. 
The  general  tendency  is  to  got  too'  much  water  and  not  enoiigh 
shovel.  Wet  sand  in  the  mould  invariably  means  a  bad 
casting. 

Chills  are  used  to  bring  about,  uniform  cooling  of  a  heavy 
sectioii  or  boss,  and  a  lighter  section  adjoining.  They  may  be 
made  of  iron,  brass,  or  aluminium,  and  should  be  mad©  quite 
heavy  to  prevent  breakage  in  removal  from  the  castings  and 
warping  from  the  hoat  in  continual  use.  Aluminium  chills 
have  the  advantage  over  iron  or  brass  when  used  in  copes  o'n 
account  of  their  lightness,  as  they  are  less  lia-bl©  to  fall  out  ； 
however,  regardless  of  the  kind  of  chill  used,  they  should  have 
annealed  nails  cast'  into  ihem,  or  projectio-nsi  cast,  on  t'h'e'm,  to 
assist  in  holding  theni  in  tlie  sancl.  Stock  chills,  or  chills  of 
standard  form,  that  may  b©  us&d  on  a  variety  of  jobs,  are  best 
made  of  iron,  and  for  use  in  thei  drag  of  a  mould  where  there 
is  no'  danger  of  falling  out,  may  be  mad©  heavy,  from  1  Ain.  to 
2in.  in  thickness.  •  One  thick  chill  oft&n  will  replace  two'  or 


*  Absliact  of  paper  read  buloro  the  Dc  Iroit  Foundry  men's  Asyooiation,  January 
blh,  1911. 


three  tliinner  cliills  and  will  make  a  better-looking  casting. 
Chills  that  are  hat  should  not  be  used,  as  they  dry  ooit  the 
sand  around  tlie'm，  making  a  rough  casting.  Chills  that  liave 
frost  in  them  should  not  be  used,  as  they  will  blow  from  the 
moisture  that  will  condense  on  tliem  in  the  mould . 

In  ramming  the'  moulds  for  aluminium  castings  great  care 
should  b©  exercised  to  prevent  ramming  them  too  hard, 
thereby  closing  the  pores  of  thei  sand.  As  aluminium  is  a 
light  meial ,  being  about  40  per  cent,  th©  weight  of  iron,  it 
lacks  the  power  to  force  the  gas  and  steam  back  through  tlie 
sand.  Moulds  that  are  rammed  too  hard  will  often  produce 
a  casting  with  a  depression  at  soine  heavy  section  re&embling 
a  shrink ?  when  in  reality  it  is  caused  by  the'  pressure  of  gas 
exerted  on  the  metal  while  it  is  still  molten.  Hard  ramniing 
also  is  the  cause  of  cracks  in  castings-.  This  occurs,  in  some 
cases,  where  th©  design  of  the  casting  makes  ib  necessary  to 
crush  a  large'  body  of  green  sand  in  contracting.  However, 
light  ramming  can  be  carried  to;  the  point  only  whero  a  casting 
will  strain  and  become  overw eight. 

In  deciding  on  tlie  best  place  to  gate  a  casting,  three 
factors  are.  to'  b©  considered.  First,  th©  metal  should  be 
spread  throughout  the  mould  so  that  tlie  casting  may  be 
poured  fairly  cold  without'  danger  of  misn'unning  ；  second,  the 
metal  should  enier  the  mould  away  from  heavy  bosses  and 
ribs  ；  and  third,  the  gates  should  be  located  so  that  they  may 
be  removed  easily  by  a  band  saw  or  chipping  hammer.  Same 
gates,  however,  may  be'  broken  off  by  a  hand  hammer  where 
they  are  placed  in  a  straight  line  ；  for  example,  along  the 
flange  of  a  lower  half  crank  case  or  oil  pan  ；  but  provision 
must  first  be  madei  by  casting  a  small  groove  in  one  side  of  the. 
gat©  where  it  adjoins  the  casting.  Horn  gates  are  recom- 
mended, wher&ver  they  can  be  used,  as  they  allow  the  metal 
to  enter  th©  mould  with  the  least  disturbance.  The'  sprue  and 
leader  should  be  made  heavy,  soi  as  not  to  freeze  before  the 
casting.  Generous  fillets  also  should  be  employed  where  the 
gate  adjoins  the  casting.  Risers  should  be  used  plentifully, 
as  t'bey  give  an  added  pressure  and  assist  in  making  a  sound 
casting.  Th©  removal  of  tlie  risers  also'  should  be  considered 
when  placing  them  on  the'  patt&rii,  so  that  they  do  not  break 
into  the  casting  or  draw  the  metal  away  from  the  casting  in 
cooling.  A  good  head  pressure  to  carry  on  all  sprues  and 
risers  is  from  6in.  to  12in.,  depending  on  the  thickness  of  the 
uppermost  part  of  the'  casting. 

All  moulds  sihould  be  carefully  inspected  by  the  moulder  as 
soon  as  the  pattern  is  drawn,  to  &&&  that  the  core  prints  are 
rammed  sufficiently  hard  to  support  the  cores  and  to  see  that 
the  mould  in  general  is  rammed  to  the  correct  consistency  to 
produce  a  good  casting.  The  moulder  also'  should,  be  certain 
that  all  necessary  chills  liave  been  used  and  are  correctly 
placed.  This  is  an  important  feature,  when  it  is  considered 
that  the  absence  of  one'  chill,  or  the  misplacing  of  another, 
may  mean  the  loss  of  a  casting.  Tliis'  inspection  applies  more 
particularly  to  machine  gangs,  where  the  cope  and  drag  are 
made  by  different  men  or  teams  of  m-eiij  the  moulder  finishing 
the  moulds  and  setting  tlie  cores. 

In  the'  general  run  of  foundry  work  at  le'ast  three  core  sand 
mixtures  are  necessary,  the  oil  sand  mixture  for  th©  small  and 
intricate  cores',  and  two  mixtures  co'ntahiiiig  resin,  flour,  or 
compooind  for  th&  larger  cores.  One:  of  the  two  latter 
mixtures  is  made  about  50  per  cent,  stronger  tlian  the  other. 
The  weak'e'r  mixturei  is  used  for  thei  general  run  of  cores,  and 
the  o'tlier  is  employed  when,  on  account  of  a  core's  design, 
extra  str&ngth  is  needed,  and  then  only  when  rodding  and 
wiring  will  not  answer.  The  stronger  mixture  also  is  used 
when  the  drag  half  only  of  a  complete)  core  is  made  in  dry 
sand,  thei  cop©  half  being  made:  with  green  moulding  sand. 
In  the'  latter  oast©,  the  entire  weight  is  carried  by  the  dry 
s'and  corei.  However,  none'  of  tlie  mixtures  should  be  stronger 
than  is  necessary  to  make  a  core  that  can  be  handled  and 
placed  safely  in  the  mould.  Soft  core®  are  necessary  for  the 
following  reasoais :  There'  is  not  enough  heat  in  the  molten 
aluminium  to  burn  up  the  core,  th-ereby  softening  it  ； 
aluminium  is  a  weak  metal  at  the:  point  of  solidification  and 
has  very  little  crushing  strength  just-  prior  to  solidifying. 
Cores  that  are  too  hard  will  cfiuse  the  casting  to  crack .  Hard 
cores'  also'  will  cause  trouble!  in  removing  them  from  tlie 
castings,  as  the  cores  are  seldom  burned  to  a  greater  depth 
than  ^in.  to  i'in. 

Cliills  ai'ei  used  in  tlie  cores  on  lieavy  bosses  and  ni  i  lie 
intersection  of  ribs,  the  same  as  in  the  moulds.     If  there  is 
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any  danger  of  t  he  cliills  rallinjj;  out.  of  the  core  while  it  is  green 
or  after  it  is  dry  and  in  t  lie  niould,  I  h<'V  should  have 

nails  cast  in  tlicni,  or  projections  cast  on，  to  anchor  them 
finnly  in  the  core.  Ap]>lying  paste  to  the  cliills  will  also 
ussist  iii  holding  them  in  place.  In  designing  cliills  and  iti 
deciding  where  to  place  them  to  remedy  a  crack  or  draw  in  a 
casting,  one  thing  must  be  remeinbtM-ed,  and  that  is  the  cliill 
inust  come  out  of  the  cast  ing  easily. 

A  great  many  rods,  and  wires  are  necessary  to  Ktrcii^then 
and  support  cares  for  aluniiiiium  castings.  Tins  is  due  to  1  lie 
wc;ik  sand  mixtures  used .  Tlie  rods  should  be  as  slim't,  as 
possible,  and,  if  a  long  core'  lias  metal  around  each  <"i(l，  the 
rods  should  b&  u&ed  in  short,  overlapping  length.  Strai^lil 
rods  are'  preferred  to  crooked  or  bent  rods,  unless  thoy  arc 
b(Mii  to  conform  to  tlie  core  box  as  the  latter  resists  t  lie 
crushing  of  the  core  by  the'  casting  when  contracting.  Tlie 
ends  of  rods  should  never  be  placed  close  to  the  sides  or  ends 
of  a  core  box,  except  into  core  prints,  as  they  will  soinetimes 
cause'  the  casting  to'  crack,  or  even  force  themselves  through 
the  casting.  It  is  necessary  to  handle  nearly  all  of  the  larger 
cores  with  hooks,  as  they  are  broken  easily  if  placed  in  tin* 
mould  with  the  hands  or  straps  used  under  them.  Tli("、(' 
hooks  should  be  firmly  anchored  in  the  core  and  placed  so  llial 
the  core  will  balance1  when  picked  up. 

To  get  a  smooth  surface  on  the  cores,  they  must  be  treated 
with  a  wash  of  some  kind.  This  is  best  appl'ied  with  a  spray, 
while  the  cores  are  gre&n ,  and  afterwards  brushed  over  with 
a  camel  hair  brush  and  clear  water.  The  brush  and  water 
also  can  be  used  to  clean  off  the  chills,  which  lose  their  effect 
if  covered  witli  a  coating  of  core  wash.  The  core  wash  also 
serves  to  give  the  core  a  hard  crust  on  the  outside,  which  helps 
to  prevent  breakage  of  corners  when  handling. 

The  baking  of  the  cores  is  an  important  item  and  should 
be  done  with  a  slow,  steady  fire  and  under  pyrometer  control. 
If  care  is  not  exercised,  the  corners  and  edges  will  he'  burned 
before  the'  centre  of  the  core  is  dry.  Resin  sand  cores  should 
never  be  handled  while  hot,  as  they  are  easily  broken.  After 
the  cores  have  been  removed  from  the  ovens,  they  should  be 
thoroughly  cleaned  and  inspected  to  see  that  all  excess  core 
wash  has  been  removed  from  the  ribs  and  bosses.  The 
location  of  all  small  cores  that  have  been  pasted  into  the  main 
co re  also  should  be  checked  witli  a  suitable  gauge. 

In  melting,  aluminium  should  never  be  heated  to  a  tempe- 
rature higher  than  is  necessary  to'  pour  the  castings,  allowing 
for  a  drop  in  temperature  in  dipping  and  transferring  to  the 
pots  in  which  it  is  carried  to  moulding  floor.  A  temperature 
of  1,500°  Fab.  will  usually  take  care  of  this.  As  soon  as  the 
】iietal  is  hot  enough ,  it  should  be  thoroughly  stirred  and 
skimmed,  then  dipped  out  and  carried  to  the  moulds.  The 
metal  in  the  furnaces  should  be  under  pyrometer  control  and 
also  should  be  kept  covered  during  melting.  In  dipping  the 
metal  from  the  furnaces,  if  iron  melting  pots  are  used 7  care 
should  be  exercised  to  prevent  scraping  the  sides  of  thei  pots. 
Hard  spots  in  castings  are  sometimes  attributed  to  the'  metal 
that  clings  to  the  sides  of  the  melting  pats.  To  avoid  this,  the 
sides  of  tlie  pots  should  be  scraped  clean  two  or  three  times 
a  day.  To  prevent  over-heating  the  metal  and  to  get  it  to' 
tlie  floor  hot  enough  to  pour,  arrangements  should  b©  mad©  to 
prelieat  the  dipping  and  pouring  ladles.  The  best  method  of 
pouring  the  moulds  is  by  a  gang  specially  trained  for  this 
work,  and  a  great  deal  of  the  moulding  gang's  time  is  saved 
by  this  system.  Each  job  has  a  best  pouring  te'mpe'rakii'e, 
which,  in  nearly  all  cases,  is  as'  low  as  the  casting  will  nui. 
Tliis,  of  course,  luis  to  be:  found  by  experiment.  When  this 
lias  be&n  aM-eilained,  use  a  pyrometer  on  every  floor  and  on 
every  pot  and  the'  psrplexitit's  of  mis-run  castings  will  hv 
removed. 


Institute  of  Marine  Engineers  ：    Lloyd's   Register  Scholarships. 

-These  scholarships,  two  in  mimhei',  were  founded  through 
tlie  instrumentality  of  the  late  Mr.  J  as.  Dixon  (chairman 
Lloyd's  Registry  of  Shipping),  past  president  of  the  Insti- 
tute of  Marine  Engineers.  They  are  each  tenable  for  two 
years  at  <£50  per  year.  Application  should  be  made  bv  in- 
tending candidates  not  later  than  May  1st.  Full  particulars 
of  the  rules  and  regulations  with  lisi  of  subjects  for  examina- 
timi  may  be  obtained  from  the  Secretary,  Institute  of  Marine 
Engineers,  58，  Romford  Koad，  Stratford,  London,  E. 


SOME  RAILWAY  CONDITIONS  GOVERNING  ELECTRIFICATION.* 

i(Y  KOOKK  T.  .SMITil. 

In  a  country  like  ours,  possessed  of  a  system  of  "'； i m 
railways  whicli  have  cost  more  to  build  than  railways  No- 
where, it  seems  reasonable  that  if  any  change  from  steam  to 
electricity  is  proposed  by  electrical  engineers  they  should 
first  endeavour  to  provide  sometliing  whiclx  will  at  least  do 
wiiat  steam  will  do,  next  try  to  give  electrically  wli;it  ",';im 
cannot  give,  and  finally  do  this  in  such  a  way  as  will  result 
in  improved  linaitcial  prosperity  to  the  railway.  It  is  con - 
venient  to  divide  railway  services  into  three  groups  wliiclt 
correspond  to  entirely  different  conditions  as  far  t  raclion 
is  concerned :  (1)  Urban  and  suburban  passenger  services. 
(2)  Fast  passenger  services.  (3)  Fast  or  slow  goods  and 
inineral  service. 

It  is  not  pretended  that  this  exhausts  the  types  of  services 
for  which  it  is  profitable  to  consider  electric  as  compared 
with  steam  haulage.  For  instance,  the  electrification  of 
terminals  is  not  included,  nor  incline  working,  nor  the 
marshalling  of  passenger  and  goods  trains,  nor  the  working 
of  goods  and  mineral  sluniliii^  yards.  The  above  division  is 
sufficient,  however  for  the  purpose  of  such  generalisation  as 
is  alone  attempted  in  this  paper. 

Urban  and  Suburban  Passenger  Service.  -  I  \  railway 
possessing  a  suburban  system  equipped  with  ]>ernianent  way, 
platform  accommodation,  and  locomotives  designed  for  a 
certain  time  table,  finds  this  equipment  outgrown  by  the 
traffic,  it  is  obvious  that  it  must  increase  the  number  of 
coaches  run  in  a  given  time.  To  do  this  several  courses  are 
open.  (1)  It  may  double  or  treble  the  number  of  tracks  ； m'l 
i】icrease  both  the  nuinl)er  and  leiitjtli  of  its  p]att'orni>,  thus 
increasing  the  number  of  passengers  carried  without 
necessarily  increasing  the  journey  schedule  time.  (2)  The 
railway  may  retain  its  permanent  way  and  stations  and  witli 
them  the  maximum  length  of  its  trains,  but  increase  their 
schedule  speed  by  using  the  biggest  type  of  steam  loco- 
motive permitted  by  the  load  gauge  for  running  com- 
paratively light  suburban  trains.  (3)  The  railway  may 
electrify.  Witli  electrification  a  maximum  of  48  trains  an 
hour  can,  if  required,  be  run  each  way  during  the  rush  hours 
while  employing  existing  stations  and  tracks.  With  tracks 
and  stations  (hence  also  the  train  length)  remaining  as 
before,  the  number  of  passengers  carried  per  hour  has  in 
many  cases  been  doubled  by  increasing  the  schedule  speed  50 
per  cent. f  while  improved  signalling  has  at  the  same  time 
made  it  possible  to  increase  by  50  per  cent,  the  maxiimnn 
number  of  trains  per  hour.  The  characteristics  of  urban  and 
suburban  services  for  which  electric  traction  is  suitable  are  a 
dense  or  fairly  dense  service  of  not  less  than,  say,  five  trail 卜 
per  hour  each  way,  up  to  40  and  more  per  liour  each  way, 
with  station  stops  varying  from  less  than  half  a  mile  apart  up 
to  1^  miles  apart.  Witli  services  less  dense  than  tlie 
niiiiimum,  and  with  stops  further  apart  on  the  average  than 
the  maximum  here  given,  the  advantages  of  electric  traction, 
if  they  exist,  are  special  and  not  characteristic. 

The  essential  element  which  gives  to  electric  traction  it> 
advantage  over  steam  under  these  conditions  is  the  motor- 
coach  train.  The  train  is  made  up  either  entirely  of  motor 
coaches  or  of  motor  coaches  and  trailers.  The  number  of 
motor  coaches  must  be  such  that  the  weight  on  the  driving 
wheels  available  for  atiliesion  is  not  less  than  25  per  cent,  of 
the  total  train  weight.  It  is  more  often  33  per  cent.,  and  inav 
be  100  per  cent.  The  making  up  and  driving  of  such  trains 
has  been  rendered  possible  by  multiple-unit  control.  With 
the  motor-coach  train  it  is  quite  easy  to  have  such  an 
adhesive  weight  as  will  permit  of  a  tractive  effort,  over  and 
above  that  required  to  haul  the  train  against  resistances, 
sufficient  to  accelerate  it  during  the  notching  period  at  rates 
up  to  U  miles  per  hour  per  second  (2.2ft.  per  second  per 
second),  while  the  rate  of  deceleration  is  usually  increased  ui) 
to  two  miles  per  hour  per  second.  Such  a  rate  of  acceler- 
ation is  not  often  justified,  and  a  more  characteristic 
example  may  be  taken  from  one  of  the  London  suburban 
services  where  trains  weighing  175  tons  are  accelerated, 
during  tlie  notcliin^  !"'riml,  ； it   17 It.  (mm*  m'coiuI  |»'m.  、"r,"K|  t，> 
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give  with  20-secoiul  stops  a  schedule  speed  of  17  miles  per 
hour,  the  station  stops  averaging  half  a  mile  apart.  The 
adhesive  weight  is  46  per  cent,  of  the  train  weight,  ami  the 
energy  input  while  accelerating  is  1,300  h.p.  Within  Hie  load 
gauge  of  this  railway  no  steam  locomotive  could  be  built  of 
such  a  power.  If  it  could  be  built  it  would  have  (in  order 
to  give  the  necessary  adhesion  and  power)  four  times  the 
weight  of  the  electrical  equipment,  which  is  distributed  over 
eight  axles. 

Although  belonging  more  to  the  economic  tlian  the 
engineering  side  now  under  consideration,  the  cost  in  energy 
of  such  a  reasonable  acceleration  and  schedule  speed,  which 
is  about  that  of  most  of  the  London  underground  railways, 
is  shown  in  Fig.  1，  representing  actual  tests  of  20  such  trains, 
the  rate  of  acceleration  being  constant  at  l'7ft.  per  second  per 
second,  while  the  distance  between  stops  varied,  giving  an 
average  schedule  speed  over  the  whole  distance  of  17  miles 
per  hour.  The  energy  in  watt-hours  per  ton- mile  at  the 
train  includes  the  moving  and  controlling  of  the  train  only  ； 
brake  pumping 3  lighting,  heating,  and  idle  mileage  being 
excluded.  Other  advantages  of  the  multiple-unit-controlled 
motor-coach  train,  as  has  often  been  stated,  are  first  the 
doubling  of  terminal  accommodation  by  halving  the  number 
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Fig.  1. 

Curve  of  cnci*f4>'  consumj>tion  for  London  Suburban  Motor  Coach 
Train  jilotti'il  w  illi  -listiinro  between  stops  for  a  .scliodule  speed  of 
17  miles  per  hour.   l20- second  stops  at  stations. 

of  signal  and  locomotive  movements,  and  secondly  the  ability 
to  make  and  break  up  the  motor-car  and  trailer  units  of 
which  the  maximum  train  is  composed  to  suit  the  traffic. 

In  general  it  is  safe  to  say  that  until  it  is  necessary  to 
devote  terminal  facilities,  station  accommodation,  and  at 
least  two  tracks  entirely  to  a  suburban  service,  it  is  very 
doubtful  if  electrification  is  the  only  solution  of  the  congested 
traffic  problem,  although  it  may  prove  to  be  the  best  solution. 
Most  of  the  suburban  services  into  and  out  of  London  already 
electrified  or  in  process  of  being  electrified  are  run  on  tracks 
distinct  from  the  main  line,  and  such  a  service  becomes  a 
thing  apart.  It  can  be  electrified  on  any  system  which  best 
suits  its  conditions,  and  the  method  may  be  quite  different 
from  any  other  method  which  may  subsequently  be  de&ired 
for  main-line  electrification. 

Passing  from  the  engineering  to  the  economic  side,  the 
question  of  the  electrification  of  a  suburban  system  has 
become  for  a  railway  company  purely  one  of  finance. 
Essentially  it  resolves  itself  into  a  question  as  to  whether 
the  fares  charged  for  the  service,  even  with  the  additional 
traffic  obtained,  can  give  a  reasonable  return,  or  any  retur】i 
at  all,  upon  the  new  and  old  capital,  after  the  cost  of 
working  has  been  provided  for.  It  must  be  remembered  that 
the  tramway  uses  the  streets  and  pays  only  for  its  con- 
struction, for  part  of  the  paving,  and  for  a  part  or  the 
whole  of  necessary  street  widenings.    The  railway  has  paid 


for  the  land —— often  acquired  compulsorily  at  an  exorbitant 
price ― and  has  to  put  on  the  land  costly  permanent  way  and 
structures.  Usually  a  railway  company  is  the  largest  rate- 
payer in  any  parish  through  which  it  passes,  and  is  often  the 
largest  ratepayer  in  any  town.  It  may  therefore  he  called 
upon  to  pay  rates  to  a  municipal  body  on  which  it  is  not 
represented,  in  order  to  keep  up  part  of  the  roads  used  by  a 
competing  tramway.  If  the  municipal  tramway  is  run  at  a 
loss  the  railway  helps  to  pay  the  losses  of  a  competitor  whose 
presence  reduces  the  railway  fares. 

The  tramway  in  turn  is  now  menaced  by  the  competitimi 
of  the  motor  omnibus,  which  pays  nothing  beyond  the  petrol 
tax  for  its  right  to  use  the  roads  in  order  to'  compete  with 
both  railway  and  tramway.  Even  when  it  cannot  make  the 
development  of  its  suburban  traffic  pay  directly  it  may  still 
pay  the  railway  as  a  whole  considered  only  as  a  feeder  to  the 
main  line,  or  urban  and  suburban  traffic  as  a  whole  may  pay 
if  the  latter  goes  far  enough  out  into  the  country.  It  is  not 
that  suburban  electric  traction  costs  an  unreasonable  amount, 
but  that  circumstances  mak©  the  revenue  from  such  services 
unremunerative.  Suburban  fares  have  been  falling  steadily, 
and  at  the  present  moment  it  is  safe  to  say  that  everybody  in 
London  and  its  suburbs  is  being  carried  at  too  low  a  fare  to 
give  proper  remuneration  to'  any  form  of  traction  which,  in 
addition  to  rates  and  taxes  and  government  duty  on  some 
fares,  pays  for  its  road  and  the  right  to  use  it. 

Like  most  other  industrial  working  costs,  that  of  running 
a  suburban  service  depends  on  certain  standing  charge's 
which,  taken  as  a  whole,  da  not  vary,  or  hardly  vary,  with 
the  servioei  given  (upkeep  of  perinaiient  way  oquipinenl, 
m;i  nagenieiil-,  rent,  rates  and  taxes,  and  station  traffic 
ex]>enses)  and  a  charge  varying  with  the  service  catered  for 
(rolling-stock,  repairs  and  wages,  running  wages  and 
elect  ricity).  In  a  particular  case  the  ratio  of  standing  to 
variable  charges  for  running  a  small  suburban  service  for  a 
year  was  as  follows  ：  Standing  charges  unaffected  by  the 
number  of  trains  60  per  cent"  variable  charges  40  per  cent-., 
and  of  this  40  per  cent,  electricity  formed  three-fourths.  If 
the  cost  of  electricity  can  be  reduced  by  50  per  cent,  the 
total  working  costs  may  be  reduced  by  one  quarter,  whicli 
shows  the  importance  of  cheap  electricity.  This  is  a  particular 
case  where  the  cost  of  electricity  was  high,  and  as  a  rule  its 
percentage  effect  is  not  so  great. 

Fig.  1  shows  how,  for  a  given  average  schedule  speed, 
the  distance  between  stops  affects  the  amount  of  electricity 
used,  and  supposing  it  were  possible  to  have  a  differential 
tariff  for  railway  passengers  based  on  the  actual  cost  of  flie 
service,  the  short-distance  passenger  ought  to  pay  much  more 
per  mile  than  the  long-distance  passenger,  since  lie  costs  more 
to  carry  ；  but  on  nearly  all  suburban  services  competition  has 
cub  down  the  fares'  of  the'  short-distance1  passenger  to  a  non- 
profitable  point.  What  is  wanted  to  make  urban  traffic  on 
electrical  lines  pay  is  either  an  increase  in  the  fares,  which  is 
achieved  abroad  by  zone  fares,  or  the  ability  to  purchase 
electrical  energy  delivered  to  the  conductors  at  say  ^d.  per 
kilowatt-hour  Com  petition  may  prevent  the  former.  Is  there 
any  chance  of  obtaining  cheaper  electricity?  The  generation 
of  electrical  energy  and  its  supply  is  a  business  in  itself.  In 
】naiiy  cases  it  has  not  in  the  past  been  possible  for  railways 
electrifying  suburban  services  to  buy  electricity  from  outside, 
bub  wh-erever  they  have'  been  able  to;  do  so  the'  saving  of  the 
initial  cost  on  which  capital  charges  have  to  be  met,  and  the 
saving  to  the  railway  of  the  management  of  a  business 
organisation  that  is  very  different  from  its  other  organisations 
is  a  great  gain.  In  general  the  addition  of  a  load,  whicli  in  the 
case  of  a  heavy  suburban  service  may  continue  during  18  or  20 
hours  out  of  the  24  with  an  annual  maximum  demand  load 
t'.'ictor  of  from  45  to  55  })er  cent.,  should  enable  a  su])])lv 
authority  with  a  light  and  power  load  to  offer  a  railway 
company  such  a  price  as  would  leave  no  question  as  to  its 
acceptance. 

To  sum  up  the  situation  witli  regard  to  suburban 
electrification  as  it  appears  to  the  author,  the  electrical 
engineer  is  in  a  position  to  inform  his  railway  very  exactly 
what  the  initial  and  working  cost  will  be.  The  management 
have  to  decide  what  the  financial  result  will  be  with  the 
existing  and  expected  traffic,  which  has  to  pay  working  and 
capital  charges  on  the  new  capital  before  earning  a  dividend 
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on  Hie  old.  Compeiiiive  I'are:;  nvv  so  low  tliat  the  process  is 
generally  dis<'oiiraghig  except  where  a  new  traflic  can  l>c 
created  in  districts  from  10  to  3()  miles  from  tli*'  turmimi'. 
The  cost  of  electric  working  is  impm'huit,  hut  as  M  r.  Iiisull 
has  recently  pointed  out  the  cost  of  rno)ioy  may  be  still  inore 
iui])ortant,  and  tlie  raising  of  fresli  capital  for  anvthiug  that 
is  not  certain  to  swell  the  dividend  is  a  very  serious  matter 
indeed  at  the  present  time  when  the  credit  Hritisli 
railways  stand s  so  low. 

Fast  Passenger  Service. -— 'When  tho  coikIiI  ion  of  t'requeni 
stops  ；" id  short  distances  between  them  is  left  ami  tlie 
question  of  main-line  passenger  services  as  run  by  steam  loco- 
motives is  considered  from  the  point'  of  view  of  electric 
traction,  the  problem  alters  cornpletelv.  Tlie  chief  difficulty 
I'll  the  way  of  electrification  for  fast  passenger  services  is  the 
existence  of  the  steam  locomotive.  Fig.  2  gives  curves  kindly 
supplied  to  me  by  Mr.  G.  J.  Churchward,  of  draw-bar  pull 
plotted  against  the  speed  for  two  type;-;  of  steam  locomotives, 
one  for  passenger  service  (the  4 ― 6 ― 0  type)  and  one  for 
goods  service  (th©  2 ― 8 ― 0  type).  The  curves  represent  tli(> 
average  result's  for  saturated  steam  of  many  experiments  with 
each  type  of  locomotive  hauling  actual  trains,  the  draw-bar 
pull  being  measured  by  the  dynamometer  ('； ir.  Tlie  two 
"  l、t、s  of  locomotives  may  be  taken  as  representative,  one  for 
hauling  fast  passenger  trains  and  the  other  lor  hauling  fast 
n;oods  trains  with  nearly  the  inaxinium  loading  on  t  rmi pl('<l 
； ixlcs  permissible  for  British  way  and  stnictu res.  T\\vy  ； ilso 
n、|>r,'sent,  approxiniMtcl y  tlu1  inaxinmin  |>oweis  wliicli  run  l»c 
tlevck 屮 c(l  l»v  steam  lucomot  i ves  buili  within  Brit  isli  \on<\ 
""mgf1:;,  which  a  re  not  the  same  tor  ； ill  our  lail  ways.  卜 
ytant-uutpul  (lr;nv  l>;'r  liui'so- powrr  rm'\'('s  ； 1 ； iddcJ  \m 
mii(hnico.  Curves  of  an  American  and  ul'  ； i  Kn'nrli  sl(';mi 
h.H'oniotive  of  tlie  4 ― 6 ― 2  or  I'acil'u-  t)'|)r  ； in'  ； k](_I(mI  lor  coin 
jiHiisou. 

As  roiiip^t'od  with  t  h(、  （'ledrir  lucomol  wv  lite  sle;i  m  I(m-o 
motive  is  haudicapped  l>v  (lie  distril)iition  of  \veiglit：  due  io 
the  lengt  li  of  t  he  boiler.  I  n  the  t'ormer,  fro  in  the  sliape  and 
size  of  the  motors,  it  is  possible  to  get  a  greater  ratio  of 
adhesive  to  total  weight  than  in  the  latter,  especially  if  every 
axle  is  driven.  In  general  for  fast  passenger  service  tlie 
acceleration  of  the  steam  locomotive  is  limited  not  only  by 
Hie  boiler  capacity  but  by  the  maximum  adhesive  weight  on 
the  coupled  driving  wheels.  The  4 ― 6 — 0  type  locomotive 
oan  haul  a  train  of  450  tons  on  the  level  at  tlie  highest 
speeds  called  for  in  this  country  and  unassisted  a  train  of 
'M H I  Ions  up  a  gradient  of  1  in  50.  Tlie  maxiniuni  length  ol' 
the  train  is  in  general  limited  by  the  minimum  length  of  the 
stMti(m  platforms,  and  without  radical  clianges  in  station 
.structures  no  heavier  trains  can  be  run  except  for  occasional 
" rusli  ''  traffic.  To  haul  such  a  train,  a  constant-out ]>nt 
locomotive  is'  satisfactory,  and  the  control  of  the  output  and 
speed  by  the  regulator  and  the  cut-off  is  so  complete  that  the 
steam  locomotive  ca.n  run  at  any  speed  below  its  upper  limit 
for  th&  load  hauled. 

The  problem  of  getting  the  adhesion  necessary  to'  prevent 
the  slipping  of  the  wheels  when  starting  is,  in  general,  possible 
with  appreciably  lower  axle  loads  than  for  the  steam  loco- 
motive, while  for  the  .same  tractive  effort  the  advantage  in 
total  weight  is  always  in  favour  of  the  electric  locomotive. 
Since  the  series  motor  can  be  overloaded  momentarily  75  per 
cent,  above  its  hourly  rated  capacity,  while  for  adhesion 
purposes  if  necessary  every  axle  can  be  made  a  driving  axle, 
even  greater  starting  torques  tlian  those  shown  in  Fig.  'J  are 
possible,  but  on  British  railways  they  would  be  not  only 
useless  but  actually  li  armful,  exceeding  the  d  raw  gear 
strength.  Unlike  the  case  of  the  multiple-iniit  t rain,  tin- 
adhesive  weight  may  be  only  12  or  14  per  cent,  of  the  total 
train  weight,  and  the  strength  of  the  draw-gear  limits  the 
draw-bar  pull  after  starting  to  12  tons.  But  with  an  increase 
in  speed  the  torque  of  the  series  motor  falls  off  so  rapidly  that 
above  60  miles  per  hour  (where  difficulties  begin  with  steam 
locomotive  design)  no  electric  locomotive  yet  built  for  hauling 
only  such  niaxiinum  loads  as  obtain  on  our  railways  could 
give  anything  like  1,100  h.p.  at  70  miles  per  hour,  as  given  by 
tlie  4 ― 6 一 0  steam  locomotive  si i own  in  Fig.  2.  This 
diagram  shows  tractive  effort  curves  of  a  few  fairly  modern 
American  electric  locomotives,  the  loads  representing  not 
draw-bar  pull,  but  tractive  effort  at  the  rims  of  the  drivini; 


wheels,  so  tliat  the  hauling  ol'  t  )i<*  lor(,m'»"  .  ''  i 卜 "If  is  im'lu'lr'l. 
They  are  added  to  show  liow  very  (juirkly  tin*  lr;''  'iv"  «*ITort 
at  tlie  rims  of  the  wheels  falls  off  at  lii^li  speeds.  Such  loco- 
motives are  only  of  academic  interest  to  us,  as  their  starting 
efTort  is  quite  beyond  the  strength  of  draw -^**ar  o\\  Hritisli 
railway  passenger  stock . 

Turning  from  tlie  engineering  to  the  economic  si(Je，  and 
assuming  a  suit  ahh'  elect  ri<*  locomotive  has  been  built ,  a 
very  rough  estiinalc  mav  he  made  of  the  r-ost  of  working, 
more  with  the  purpose  of  showing  the  direction  in  wliirli 
economies  are  desirable  than  of  giving  any  "'at  wi  I," 

used  for  estimating  purposes.  The  annual  cost  of  a  steam 
passenger  locomotive,  averaged  over  all  the  d"T，'r''Mt 
types  in  us©  on  a  railway  carrying  passengers,  goods, 
and  minerals  over  not  less  tlian  li,(i00  miles  of  rout'', 
and  liaulin^  its  own  locomotive  coal,  may  be  t:'k''ii 
to  be  £825  for  sucli  items  as  do  not  vary  witli 
the  mileage  run,  or  only  vary  to  an  extent  wliicli  will  not 
affect  111  is  first  approximation.  Tliesc  include  <-a|>il  ； il  'Imr;"'- 
(which  are  taken  at  6  per  cent,  for  iii"'ivsl  and  (山 solf'、'  f'ii'  f". 
aclniinistration  and  management,  wage's  of  drivers  and  fin'm'  ii- 


ConstfinC  ooCput 
Mfi  curves 


Fig.  '2. 

( 'ui  \  us  of  uuixinimii  (.-ontinuous  diiiw-bai*  pull  (steam  locnuioLivt-i 
and  maximum  tractive  offort  at  drawinM  wheel  rims  (electric  loco- 
motive) plotted  against  speed. 

oil  and  small  stores,  maintenance,  repairs  and  renewals.  To 
this  is  to  be  added  the  cost  of  coal  and  water,  varying  more  or 
less  directly  with  the  mileage,  which  for  passenger  service  】nay 
be  conveniently  taken  as  the  train  mileage.  The  annual  cost 
of  coal  at  about  9s.  per  ton  per  10,000  B.Tli.U.  averaged  over 
the  whole  working  together  with  the  cost  of  water  may  be 
taken  to  be  £350，  giving  a  total  for  the  year  of  £1,175 
inclusive  of  capital  charges.  This  is  a  mean  for  all  loco- 
motive types  working  an  average  passenger  mileage  of 
10,000,000  train  miles  per  1,000  miles  of  route.  During  the 
year  a  passenger  engine  may  be  expected  to  run  between 
25,000  and  30,000，  or  say  27,000  passenger  train-miles,  so 
that  the  mean  cost  for  locomotive  expenses  (including  loco- 
motive capital  charges)  per  train-mile  will  be  10id. 

Of  the  above  sum  of  10id.  per  train-mile,  3d.  per  train- 
mile  will  represent  the  cost  of  coal  and  water.  After  the 
coal  strike  in  1912  the  cost  per  ton  went  up  2s.,  but  neglecting 
its  present  high,  but  fluctuating  value,  and  taking  the  cost  of 
the  best  English  coal  used  at  12s.  6d.  per  ton,  to  which  3d.  per 
train-mile  corresponds,  cheap  coal  in  this  country  is  one  of  tlie 
factors  making  against  railway  electrification.  The  cost  of 
coal  burnt  in  a  large  modern  generating  station  producing 
electricity  for  hauling  trains  by  an  electric  locomotive  is  less 
than  half  the  cost  of  coal  for  doing  the  same  work  in  a  steam 
locomotive.  Weight  for  weight  the  electric  locomotive  costs 
about  twice  as  much  as  the  steam  locomotive,  but  for  the 
same  adhesive  weight  the  electric  locomotive  weighs  some  30 
to  40  per  cent,  less  than  the  steam  locomotive.  Electric 
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repairs  and  renewals  cost  less,  and  the  net  result  is  that  the 
annual  cost  of  the  electric  locomotive  will  be  in  the  neigh- 
bourhood of  £1,250  per  annum,  assuming  the  same  rate  for 
capital  charges.  But  while  the  passenger  steam  locomotive 
only  runs  on  the  average  27,000  train-miles  in  the  year, 
spending  75  per  cent,  of  the  time  out  of  active  service,  the 
electric  locomotive,  which  need  only  be  in  the  shops  for  one 
month  out  of  the  12,  will  not  spend  more  than  50  per  cent,  of 
its  time  out  of  active  service.  The  electric  locomotive  can  run 
at  least  40,000  passenger  train-miles  per  annum.  There  is 
not  much  experience  to  go  on，  and  that  experience  has  been 
wholly  obtained  in  other  countries.  The  suburban  working 
in  London,  where  electric  locomotives  are  used,  is  so  restricted 
that  no  figures  are  obtainable  which  can  be  compared  with 
steam  working.  Multiple-unit  motor-cars  run  45,000  to 
50,000  miles  per  annum.  If  these  figures  are  accepted,  the 
cost  per  train-mile  with  the  electric  locomotive  (including 
locomotive  capital  charges)  will  be  7^d.,  always  assuming  that 
electrical  energy  can  be  bought  at  ^d.  per  kilowatt-hour. 

It  must  again  be  empliasized  that  these  figures  can  only 
be  considered  as  a  first  approximation  to  the  truth,  and  they 
will  differ  for  different  railways.  But  assuming  that  for  a  rail- 
way running  10,000,000  passenger  train-miles  per  1,000  miles 
of  route,  the  conditions  enabled  electric  locomotives  to  run 
40,000  miles  annually,  so  that  a  saving  of  3d.  per  train-mile 
was  secured  by  electrification,  there  would  be  a  possible 
annual  saving  due  to  electrical  working  of  £125,000.  If 
capital  charges  (interest  and  amortisation)  were  6  per  cent., 
this  would  represent  the  charges  on  a  capital  of  £2,100,000 
per  1,000  miles  of  route,  or  £2,100  per  mile  of  route.  This 
sum  would  certainly  not  cover  the  corresponding  electrical 
equipment  of  the  line  on  an  overhead  system,  inclusive  of 
contact  wire  and  structures,  distributing  cables,  bonding,  and 
sub-stations.  The  only  items  for  which  a  reduction  in  costs 
may  be  expected  are  the  cost  of  electricity  and  the  capital 
cost  of  electric  locomotives.  No  great  reduction  in  the  cost 
of  the  former  can  be  expected  so'  long  as  railways  generate 
their  own  electrical  energy,  as  there  must  be  a  diversity  of 
load  and  generation  on  a  scale  far  beyond  railway  require- 
ments, to  secure  an  appreciable  reduction  in  price.  ]  f 
electrical  energy  could  be  bought  at  Jd.  per  kilowattr-hour, 
and  the  electric  locomotive  could  be  made  for  £50  per  ton,  the 
cost  per  train-mile  in  the  above  estimate  would  be  reduced  to 
about  6d.  The  problems  in  front  of  the  electrical  engineer 
who  would  compete  with  tlie  passenger  steam  locomotive  are, 
therefore,  first  to  design  an  electric  locomotive  that  will  do 
what  the  steam  locomotive  does  at  high  speeds  ；  secondly,  to 
reduce  the  cost  of  the  electric  locomotive  (which  will  come 
about  when  there  is  sufficient  demand  for  it)  ；  and  thirdly,  to 
be  in  a  position  to  buy  electrical  energy  at  something 
approaching  the  ^d.  per  kilowat1>hour  which  forms  Dr. 
Ferranti's  ideal. 

Fast  or  Slow  Goods  and  Mineral  Service. ― For  goods  and 
mineral  service  the  outlook  is  different,  and  in  consequence 
the  form  of  analysis  from  averages  which  was  admissible  to 
prove  a  negative  is  not  admissible  to  prove  a  positive. 
For  goods  and  mineral  services  each  individual  case 
must  be  worked  out  on  its  merits.  It  may,  how- 
ever, be  said  that  if  the  same  analysis  be  followed  out  in  tiie 
case  of  the  average  cost  of  an  electric  locomotive  for  goods 
working  as  has  been  don&  for  passenger  working,  the  same 
f-nmparative  ratio  of  cost  between  coal  and  electricity  per 
train-mile  would  hold  with  electricity  at  ^d.  per  kilowatt-hour 
― the  price  at  which  it  can  in  some  cases  be  obtained  to- day ― 
in  place  of  the  -^d.  per  kilowatt-hour  assumed  for  passenger 
service.  Considering  English  conditions  the  chief  difference 
between  goods  service  and  passenger  service  is  the  reduction 
in  the  annual  train  mileage  run  by  the  steam  locomotive. 
Whereas  for  steam  passenger  service  it  was  taken  to  average 
27,000,  for  goods  and  mineral  service  it  drops  to  10,000  train- 
miles  per  locomotive.  In  addition  to  this  the  coal  per  train- 
mile  is  nearly  doubled.  On  the  average  some  two-thirds  of 
tho  available  steam  locomotives  may  be  expected  to  be  in 
steam  on  any  on©  day,  and  of  those  engines  in  steam  the 
engine  mileage  will  probably  exceed  the  passenger  train  mileage 
by  little  more  than  5  per  cent.  On  the  other  hand,  goods 
engine  mileage  may  exceed  goods  train  mileage  by  more  than 
30  per  cent. ,  owing  to  the  many  services  that  ihe  locomotive 
luis  1<>  pci  forin  other  than  moving  t  rains  fi'uni  station  to 
station.    Each  goods  engine  in  steam  may  not  work  more  thau 


40  to  50  train-miles  per  day  averaged  throughout  the  year, 
wliich  gives  some  idea  of  the  length  of  time  the  locomotive  is 
standing  in  steam  and  using  coal  but  earning  nothing,  while 
nearly  one-tliird  of  the  engines  are  away  under  repairs. 

It  is  in  this  direction  that  the  electric  locomotive  appears 
to  have  its  best  chance.  In  America  it  has  been  found  to  be 
possible  at  least  to  double  the  daily  mileage  run  by  a  steam 
locomotive,  owing  to  the  ability  of  the  electric  locomotive  to 
haul  heavy  loads  at  an  increased  speed  while  it  wastes  no 
energy  when  standing  idle.  Instead  of  more  than  30  per  cent, 
of  the  steam  locomotive  year  being  occupied  in  repairs,  not 
more  than  10  per  cent,  of  the  electric  locomotive  year  need  be 
spent  in  th&  repair  shops.  Fig.  2  shows  the  available  tractive 
efforts  of  one  or  two  electric  locomotives  in  America  at  low 
speeds,  but  American  conditions  are  not  our  conditions,  and  a 
locomotive  giving  a  starting  pull  much  greater  than  the 
2 —— 8 ― 0  steam  locomotive  is  of  no  use  for  goods  service  in  this 
country.  In  America  the  strength  of  the  draw-gear  is  such 
that  draw- bar  pulls  of  more  than  30  tons  are  permissible,  and 
trains  of  3,500  and  4,000  tons  weight  can  be  hauled  if  fitted 
with  continuous  brakes.  In  British  goods  and  mineral  service 
the  limiting  factor  is  the  strength  of  the  draw-gear,  which  is 
tested  to  50  tons  and  with  a  factor  of  safety  of  4  is  supposed 
to  be  worked  at  a  maximum  load  of  12  tons. 

We  are  not  really  limited  in  our  train  weights  by  tin1 
maximum  size  of  steam  locomotive  which  can  be  built  witliin 
the  restricted  British  load  gauges  (restricted,  that  is  to  say, 
as  compared  with  America  and  many  European  countries), 
but  by  the  strength  of  draw-gear  and  the  lay-out  of  sidings. 
While  the  wagons  owned  by  railways  can  have  their  draw- 
gear  maintained  against  inevitable  degradation  by  fatigue  and 
wear,  the  privately-owned  wagon  is  not  in  the  same  position. 
Unless  the  whole  method  of  working  goods  traffic  in  this 
country  is  to  be  altered,  a  locomotive  is  not  required  to  give  a 
draw-bar  pull  of  more  than  12  to  14  tons  after  starting,  and 
even  then  the  failures  of  draw-gear  will  always  be  considerable 
with  the  shocks  when  starting  a  loose-coupled  train,  and  with 
the  stresses  due  to  unequal  braking.  The  draw-bar  pulls  of 
the  American  electric  locomotive  shown  in  Fig.  2  if  used  on  a 
British  goods  or  mineral  train  would  merely  break  the 
couplings. 

The  methods  of  electrification  available  for  the  con- 
sideration of  the  engineer  are  varied,  but  for  goods  working 
involving  the  equipment  of  sidings  some  form  of  overhead 
equipment  seems  imperative.  Continuous-current,  single- 
phase  with  commutator  motors,  single-phase  with  split-phase 
motors,  and  single-phase  with  mercury  arc  rectifiers  and  con- 
tinuous-current motors,  and  3 -phase  with  induction  or 
cascade  motors,  are  all  possibilities,  and  each  has  to  be  con- 
sidered on  its  merits..  It  is  not  within  the  scope  of  this  paper 
to  discuss  systems,  but'  it  may  be  pointed  out  that  owing  to  the 
special  conditions  of  goods  and  mineral  traffic  in  this  country 
― a  few  of  which  have  been  referred  to  in  this  paper —— the 
electrification  of  goods  and  mineral  lines  is  likely  to  begin 
only  in  favourable  districts,  especially  with  steep  grades  where 
the  overload  capacity  of  tlie  electric  motor  and  its  accelerating 
ability  will  enable  traffic  which  is  now  very  slow  to  be  speeded 
up.  This  will  increase  the  earning  capacity  of  the  existing 
permanent  way  without  costly  re^grading.  The  electric 
shunting  engine  is  a  very  good  example  of  what  has  to  be  done 
in  the  matter  of  suitable  design.  A  shunting  engine  may  be 
called  upon  for  hours  to  push  heavy  trains  of  wagons  at  two  or 
three  miles  per  hour  and  then  to  clear  away  a  train  of  empties 
at  25  miles  per  hour.  It  is  frequently  called  upon  to  push  or 
pull  a  heavy  loaded  train  over  a  weighbridge  with  a  pause 
long  enough  for  the  weight  to  be  recorded  while  each  wagon  is 
on  the  bridge.  This  the  steam  locomotive  can  do,  but  the  con- 
tinuou&-current  series-motor  locomotive  with  continuously 
rated  resistances  seems  hardly  an  engineering  competitor  of 
the  steam  locomotive1  for  such  work  as  this.  There  is  far  more 
hope'  for  the  single-phase  locomotive. 

To  sum  up  the  position  as  it  appears  to  the  author ― the 
inherent  advantages  of  the  electric  locomotive  for  goods  and 
mineral  liaulage  are,  first,  its  ability  to  haul  U])  to  tlie 
maximum  strength  of  the  draw-gear  at  more  than  double  the 
^  ] )；'；'(1  possible  with  tlie  most  powerful  steam  locomotive  wliich 
can  be  built  witliin  British  load  gauges ；  secondly,  the  ability 
if  necessary  to  have  all  axles  driven,  so  that  the  whole  weight 
of  the  】ocotimtiv(、  is  available  for  adliesioii  while  the  weight 
per  axle  is  sensibly  reduced  ；  thirdly,  the  advantage  that  any 
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driver  can  work  any  locomotive,  wliicli  is  not,  tli"  pracl  ice  in 
this  country  witli  steam  kx'ornotive®  ；  fourthly,  1  lie  ability  to 
run  annually  at  least  twice  as  many  tram-miles  as  t \w  steam 
locomotive,  partly  due  to  increased  speed,  and  partly  due  to 
less  time  spent  in  the  repair  shops,  and  for  cleaning  ；  fit'tlily, 
the  saving  of  all  coal  wasted  by  the  steam  locomotive  when 
getting  up  steam,  standing  in  steam,  and  left  in  t  lie  lirclxix  ； i* 
t  ho  journey's  end,  with  t  he  result  that  wit  li  electrical  eiuM-^y 
at  per  kilowat t-liour  the  bill  for  rmrt'i"  per  mile  is  al","t 
the  same  as  the  bill  for  coal  and  water  per  mile  ；  sixthly,  the 
possibility  when  the  strength  of  the  draw-gear  permits  of 
loads  being  hauled  quite  beyond  the  rapacity  of  any  steam 
locomotive  that  can  be  built  within  our  load  gauges.  The 
electric  locomotive  takes  its  power  from  a  generating  station 
and  not'  from  a  moving  l)oil('r  ；  it  can  therefore  be  designed  to 
give  its  maximum  draw-bar  pull  at  any  desired  speed.  It  is 
for  tlio  electrical  engineer  to  make  the  most  of  such 
advantages. 


DESIGN  AND  CONSTRUCTION  OF  HYDRAULIC  TURBINES.- 

H.  BI11CHAUI)  TAYLOR,  M.AM.SOC.M.E. 

During  the  past  ten  years  hyc! raulic  turbine  design  lias 
passed  through  a  stage  of  wonderful  development  and,  in 
respect  to  many  features,  remarkable  progress  has  been  made 
toward  bringing  the  turbine  to  a  high  state  of  perfection. 
As  a  result  of  theoretical  investigation substantiated  by  ex- 
perimental research  of  the  highest  order,  efficiencies  have  been 
increased  on  the  average  about  10  per  cent.  Corrosion  of 
runner  vanes,  at  one  time  a  serious  factor  as  affecting  the 
maintenance  of  turbines  and  their  efficiencies,  has  been  elimi- 
nated subsequent  to  conclusive  demonstration  that  it  is 
primarily  the  result  of  defective  design.  The  development 
of  high  specific  speed  runners,  thereby  permitting  the  use  of 
higher  rotational  speeds,  has  resulted  in  the  rapid  passing 
away  during  the  past  few  years  of  the  multi-runner  types  of 
turbines  in  favour  of  the  vertical-shaft,  single-runner  type. 
At  one  time  it  was  generally  thought  that  the  character  of 
speed  regulation  of  a  turbine  was  dependent  entirely  upon 
the  governor.  To-day,  however,  it  is  known  that  the  make 
or  type  of  governor  has  little  or  nothing  to  clo  with  speed 
regulation,  except  in  so  far  as  it  must  have  sufficient  power 
and  proper  mechanical  adjustments  to  move  the  turbine 
gates  in  a  certain  time  and  without  hunting. 

Efficiency. ― Ten  years  ago  it  was  considered  a  notable 
achievement  to  obtain  in  a  turbine  in  place  an ,  efficiency  as 
high  as  82  per  cent.  The  average  of  the  best  results 
secured  was  in  the  neighbourhood  of  80  per  cent.  The 
maximum  guarantees  of  the  builders  were  from  78  per  cent, 
to  80  per  cent.,  and  were  considered  highly  satisfactory. 
During  the  past  twoi  years,  efficiencies  betwe&n  89  per  cent, 
and  92  per  cent,  have  been  quite  common,  while  a  maximum 
value  of  93*7  per  cent,  has  been  secured.  To-day  the  builder 
must  guarantee  an  efficiency  of  at  least  87  per  cent,  in  order 
to  secure  business.  This  remarkable  increase  in  efficiency 
is  by  no  means  entirely  due  to  superior  runner  design.  As 
a  matter  of  fact,  the  improvements  in  the  design  of  wheel- 
casings,  wicket  gates,  draught  chests,  and  draught  tubes  have 
increased  the  efficiency  of  the  turbine  as  much  as  the  more 
efficient  runners. 

In  comparing  designs  prepared  ten  years  ago  with  recent 
designs,  the  most  striking  feature  is  the  absence*  in  the  latter 
of  sudden  turns  and  abrupt  changes  of  section  in  ； ill  water 
passages  from  the  turbine  casing  to  the  tail-race  ；  and, 
although  in  the  older  designs  these  passages  were  thought 
to  be  consistent  witli  good  results,  they  now  appear  to  be 
exceedingly  crude.  The  elimination  of  losses  due  to  eddies 
"id  whirls,  abrupt  changes  of  section  and  sudden  rurvature 
i"  the  various  parts  which  constitute  the  turbine  has  im- 
proved the  efficiency  of  the  turbine  as  a  whole.  By  means 
of  the  Pitot  tube,  it  has  been  possible  accurately  to  deter- 
mine the  conditions  of  flow  in  the  various  parts  of  the  tur- 
bine casing,  through  the  guide  vanes',  in  the  space  between 
tl!e  guide  vanes  and  the  runner,  and  also  in  various  sections 
of  the  draught  tube.    Thus  it  lias  been  possible  to  ronipan* 
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actual  conditions  of  flow  in  these  various  j>;i r  i  -  、vi，h  tin*  ral 
culations. 

The  head  corresp (川 flii'g  to  the  velocity  of  discliar^e  from 
the  runner  into  tlie  draught  chest  or  tul)'*  may  represent  a 
considerable  proportion  of  the  total  head  v  ting  on  the  tur- 
bine. This  is  especially  true  in  t  Ik*  case  of  runners  of  liigli 
specific  speed ,  where  tlii.s  velocity  head  may  be  as  great  as 
from  25  per  cent,  to  30  per  cent,  of  the  total  head  acting  on 
the  turbine.  It  is  therefore  essential  to  design  tlie  draught 
tube  most  carefully,  in  order  to  convert  this  velocity  into 
effective  head.  Improvement  in  the  design  of  draught  t'M"'， 
has  been  very  marked,  and  has  resulted  in  a  (ronsidf rahl*?  in- 
crease in  the  efficiency  of  tm'himv.  I (.  has  only  been  wit liin 
recent  years  that  the  liydraulir  conditions  witliin  thfi  drauglit 
tube  have  been  fully  appreciated.  It  was  at  one  time  tliou^lit 
that  the  draught  tube  was  simply  a  device  by  means  of  wliicli 
it  was  possible  to  locate  the  turbine  above  tail-water  level 
without  losing  the  effective  head  represented  by  tlie  difTen'ii'-'' 
in  elevation  between  the  turbine  and  the  tail-race.  To-day, 
however,  the  draught  tube  is  looked  upon  as  an  extr('m'  l，> 
important  part  of  the  turbine  ；  in  fact,  it  may  be  said  t  li;it 
without  efficient  draught  tubes  runners  of  high  specific  speeds 
would  be  impracticable. 

There  have  been  built  in  times  past  quite  a  number  of 
draught  tubes  with  constant  diameter  from  the  runner  to 
the  tail-race.  Consequently,  the  velocity  which  existed  in 
the  section  immediately  at  the  discharge  from  the  rumicr 
existed  also  at  the  end  of  the  draught  tube,  and  the  energy 
represented  by  this  velocity  was  entirely  lost  to  the  turbine, 
in  addition  to  the  frictional  】oss  resulting  from  the  condi- 
tion of  liigh  velocity  throughout  the  entire  length  of  the 
draught  tube.  The  efficiency  of  turbines  with  draught  tubes 
so  designed  is  necessarily  extremely  low.  By  properly  de- 
signing tlie  draught  tube  from  the  section  immediately  at 
the  discharge  from  the  runner  to  the  tail-race  so  that  the 
velocity  is  gradually  reduced  from  a  maximum  at  the  runner 
to  a  minimum  at  the  tail-race,  the  vacuum  in  the  draught  tube 
may  be  increased  and,  consequently,  the  effective  head  on  tli«' 
turbine. 

Until  tlie  last  two  years  a  large  majority  of  the  turbines 
installed  in  connection  with  low  and  medium  heads  were  of 
the  old-fashioned  multi-runner  type,  consisting  of  two,  four, 
six,  and  sometimes  more  runners  on  a  shaft,  these  runners 
being  grouped  in  pairs,  each  pair  discharging  into  a  com- 
mon draught  chest  and  tube.  The  energy  represented  by 
the  velocity  at  the  discharge  from  tlie  runners  was  practically 
lost  to  these  turbines,  owing  to  the  losses  due  to  impact  and 
eddies  and  whirls  existing  in  the  draught  chests  and  tubes 
as  a  result  of  the  runners  discharging  against  each  other. 
Consequently,  there  was  practically  no  reconversion  of  the 
velocity  head  from  the  runners  into  useful  head. 

Ten  years  ago  the  draught  chest  and  draught  tube  de- 
signs of  turbines  of  these  types  were  excee Jingly  crude.  Im- 
provements have  been  made,  of  course,  from  time  to  time, 
until  the  multi-runner  unit,  as  now  butlt,  is  quite  an  efficient 
machine.  The  principal  improvements  have  bsen  in  allowing 
a  greater  distance  between  the  runners  which  discharge  into 
a  common  draught  chest,  and  in  designing  the  draught  chest 
so  that  the  water  from  each  runner  is  carried  into  the 
draught  tube  to  a  point  where  the  two  streams  are  moving  in 
parallel  directions,  before  allowing  them  to  converge  ；  but 
even  with  tlie  best  design  of  turbines  of  tlie  inulti-nuiner 
type  there  is  always  present  an  appracidble  loss  due  to  the 
comparatively  sudden  turns  which  the  discharge  water  from 
the  runners  must  necessarily  follow. 

In  many  of  the  power  developments  carried  out  a  num- 
ber of  years  ago,  and  in  some  few  instances  in  more  moclerii 
plants,  even  such  efficiency  as  could  be  obtained  from  the 
turbines  cannot  be  realised  in  the  operation  of  tlie  plant 
as  a  whole.  Poor  designs  of  the  waterways  leading  to  the 
turbine  casing  and  receiving  the  discharge  from  tlie  draught 
tube  cause  considerable  losses  outside  of  tlie  turbine  passages. 
In  some  instamvs  much  attention  has  been  given  to  sli^lit 
variations  in  turbine  efficiency,  while  losses  of  head  amount- 
ing sometimes  to  one  or  two  feet,  occurring  through  sub- 
merged arclies,  bridge  piers,  or  racks,  liave  l>een  overlooked. 

Corrosion  of  Runner  Vanes.  ( '"rr('sioii,  or  pitting.  o(  rumn-r 
vaiie^s,  guide  vaues,  and  draught  tubes  is  now  pretty  well 
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understood  and,  by  correct  designing,  can  be  eliminated. 
Corrosion,  or  pitting,  must  be  distinguished  from  erosion, 
which  is  mechanical  wear  due  to  the  presence  of  foreign  sub- 
stances in  the  water.  Erosion  is  entirely  a  mechanical  action, 
while  corrosion,  or  pitting,  is  the  result  of  chemical  action. 
It  has  been  demonstrated  that  corrosion  is  primarily  a  ques- 
tion of  design.  It  has  been  clearly  shown  in  practice  that 
where  sharp  curves  are  resorted  to,  where  contraction  is  not 
sufficient,  or  where  there  are  pockets  formed  in  the  surface 
of  the  vanes,  pitting  or  corrosion  inevitably  develops.  It  has 
also  been  demonstrated  that  where  air  in  large  quantities 
is  entrained  in  the  water  carried  to  the  turbine,  corrosion 
seems  to  take  place  very  rapidly  if  the  design  is  not  correct. 
While  it  is  true  that  corrosion  takes  place  more  quickly  under 
high  heads  than  under  low  heads,  runners  operating  under 
heads  as  low  as  25ft.  to  30ft.  have  been  found  in  some  cases 
to  corrode  very  rapidly.  It  is,  therefore,  essential  that  the 
runner  be  carefully  designed,  regardless  of  the  head  under 
which  it  is  to  operate,  but  extreme  precaution  must  be  taken 
in  cases  where  the  head  is  excessively  high.  A  corroded 
vane  surface  has>  an  appearance  resembling  a  sponge,  the  sur- 
face being  extremely  irregular  and  the  pitted  spots  often 
opening  holes  entirely  through  the  vane.  Chemical  analysis 
of  the  corroded  surfaces  has  brought  out  the  fact  that  the 
metal  has  been  oxidised.  In  runners  made  of  bronze  or  an 
alloy,  modifications  in  the  composition  have  been  detected 
in  the  corroded  portions. 

The  theory  of  corrosion  as  now  generally  accepted  is  that 
tlie  water  in  passiiig  over  any  pocket  or  depressed  surface,  or 
in  failing  to  adhere  to  the  surface  of  the  vane,  leaves  spaces 
whicli  are  filled  witli  eddies  possessing  liigli  velocities  and 
very  low  static  pressure,  in  wliicli  oxygeu  is  liberated  from 
the  water.  This  oxygen  is  believed  to  be  in  the  nascent 
4;»te,  and  rapidly  attacks  the  surface  of  the'  metal,  forming 
hii  oxide  coating,  the  greater  ]>art  of  wliicli  is>  rapidly  washed 
away  hy  the  water.  When  once  the  depth  of  this  pocket  is 
increased  by  corrosion,  it  is  natural  that,  due  to  the  greater 
a rea  exposed,  the  pitting  action  should  continue  at  an  accele- 
rated rate  until  the  vane  is  entirely  eaten  through.  It  is 
quite  likely  that  electrolysis  is  present  as  a  result  of  the 
oxidation  of  the  metal,  for  it  has  been  noticed  in  connection 
with  runners  of  the  built-up  type— viz.,  runners  in  which 
plate- steel  vanes  have  been  used  with  iron  or  bronze  bands 
and  hubs ― that  corrosion  seems  to  develop  more  rapidly  than 
in  the  case  of  runners  made  of  uniform  metal.  Foreign 
engineers  have  called  attention  to  the  fact  that  in  some  in- 
dance^  thoy  have  observed  that  the  metal  eaten  out  by  cor- 
rosion at  one  section  of  the  runner  has  apparently  been  re- 
dc]>osited  at  another  section,  a  condition  evidently  resulting 
from  electrolysis.  If  electrolysis  does  exist,  it  is  a  secondary 
action,  and  may  be  eliminated  by  first  preventing  corrosion. 

The  fact  that  a  runner  develops  high  efficiency  under  test 
is  not,  necessarily,  a  guarantee  that  corrosion  will  not  take 
place.  Small  defects  in  the  curved  surfaces  of  the  runner 
vanes  will  be  very  quickly  brought  out  by  the  fact  that  they 
corrode  ；  while,  on  the  other  hand,  these  defects  in  the  flow 
through  the  runner  may  be  too  small  to  be  detected  in  an 
efficiency  test.  In  general,  however,  it  may  be  said  that  high 
efficiency  and  freedom  from  corrosion  are  complementary 
'pialities.  While  corrosion  is  primarily  caused  by  defective 
design,  some  metals  are  more  susceptible  to  its  action  than 
others.  For  example,  bronze  resists  corrosion  better  than 
does  either  cast  steel  or  cast  iron  ；  but  if  the  runner  is  so 
designed  as  to  permit  corrosion  to  take  place,  it  matters  little 
what  metal  is  used  -  Runners  regulated  by  means  of  cylinder 
gates  are  particularly  subject  to  corrosion,  owing  to  the 
eddies  produced  behind  the  cylinder  gates  at  fractional  gate 
openings.  Corrosion  will  often  develop  in  a  runner  if  the 
turbine  is  operated  continuously  at  low  gat&  openings.  The 
falling-off  of  the  efficiency  of  a  turbine  at  low  gates  is  an 
indication  that  the  hydraulic  conditions  within  the  runner 
are  greatly  disturbed,  and  this  disturbance  tends  to  promote 
corrosion.  High  specific  speed  runners,  if  applied  to  high 
heads,  are  also  subject  to  corrosion,  owing  to  the  high  veloci- 
ties to  be  dealt  with  ami  the  difficulty  in  making  the  water 
follow  the.  radical  curves  characteristic  of  the  vanes  of  these 
runners. 


Corrosion  lias  often  b^en  greatly  accelerated  because  of 
poor  draught  tube  conditions.  It  is  evident  that  oliould 
the  total  draught  head,  or  the  sum  of  the  static  draught,  head 
and  the  velocity  head  at  the  runner  discharge,  exceed  the 
height  of  the  water  barometer,  the  continuity  of  flow  of 
the  water  on  leaving  the  runner  is  destroyed.  When  the 
absolute  static  pressure  ii、  the  draught  tube  falls  to  a  value 
equal  to'  the  vapour  t&nsion  corresponding  to  the  temperatui'e 
of  the  water,  the  water  will  vaporise  and  the  draught  tube 
will  not  be  filled  with  a  solid  column  of  water  from  t-he  tail- 
race  to  the  runner.  Therefore,  the  placing  of  a  turbine 
simply  within  34ft.  from  the  elevation  of  tail-water  is  no 
indication  that  tlie  elevation  has  be&n  properly  chosen  ；  for 
aside  from  the  limitations  outlined  above,  it  is  also  necessary 
to  allow  at  least  3ft.  or  4ft.  margin  between  the  total  draught 
head  and  a  perfect  vacuum  to-  prevent  the  breaking  of  the 
column  of  water  in  the  draught  tube  due  to  inertia  effects 
resulting  from  sudden  changes  of  load  on  the  turbine.  It 
must  also  be  borne  in  mind,  and  this  is  a  point  which  has 
been  frequently  overlooked,  that  in  figuring  the  margin  be- 
tween the  maximum  vacuum  and  the  total  draught  head  ， 
the  maximum  vacuum  should  be  considered  for  the  particular 
elevation  above  sea  level  at  which  the  turbine  is  to  be 
installed. 

In  respect  tx>  erosion,  although  the  best  metals  are  used 
in  resisting  its  action,  and  higli  factors  of  safety  are  adopted 
in  all  parts  of  the  machinery  which  may  be  subjected  to  it, 
erosion  must  necessarily  be  expected  wherever  the  quality 
of  the  water  is  such  as  to  produce  it. 

The  High  Capacity  Runner,  and  the  Vertical  Single  Runner 
Turbine. ― Until  two  years  ago,  a  very  large  majority  of 
turbines  applied  to  low  heads  were  either  of  the  vertical- 
shaft  inulli-runner  type,  or  of  the  liorizonial-shaft  nuilti- 
runner  type.  The'  reason  for  using  more  Mian  one  runner 
on  the  shaft  wliicli,  from  a  mechanical  standpoint,  is  not 
desirable,  was  that  this  arrangement  permitted  liigh  rota- 
tional speeds,  and,  therefore,  economic  sizes  of  generators. 
During  tlie  past  two  years,  however,  the  general  adoption  of 
the  single-runner  vertical-shaft  turbine  far  low  and  medium 
heads  has  been  witnessed.  This  change  in  the  type  of  unit 
has  been  made  possible  by  recent  progress  in  the  design  and 
development  of  high-capacity  runners.  Thus,  for  a  given 
head  and  speed  it  is  now  possible  to  secure  from  a  runner 
a  greater  output  than  was  possible  two  or  three  years  ago  ； 
or,  conversely,  for  a  given  head  and  capacity  it  is  possi1>]n 
to  operate  tlie  more  recently  designed  runners  at  a 】i'm'h 
higher  rotational  speed  than  was  the  case  with  runners  de- 
signed a  few  years  ago.  This  increase  in  the  capacity  of 
runners  has  been  secured  without  a  sacrifice  of  tiiaxinnun 
efficiency  and  with  only  a  small  sacrifice  in  the  efficiency  at 
fractional  loads. 

In  referring  to  the  capacity  of  a  runner,  there  is  a  certain 
relation  between  head,  speed,  and  power  output  which  is 
best  expressed  by  a  theoretical  characteristic  known  as 
" specific  speed  "  (Ns).  This  characteristic  was  first  intro- 
duced by  German  engineers.  It  gives  us  a  means  of  com- 
paring the  relation  between  the  conditions  of  speed,  head, 
and  power  of  a  runner  in  one  installation  with  the  same  con- 
ditions relative  to  a  runner  in  a  totally  different  installation. 
This  comparison  is  made  after  the  conditions  governing  the 
design  of  both  runners  have  been  reduced  to  a  common  base, 
viz.,  specific  speed. 

The  specific  speed  of  a  runner  may  be  defined  as  the  speed 
at  which  any  runner  will  operate  when  it  is  reduced  to  suck 
a  size  that  it  will  develop  one  horse-power  when  operating 
under  a  head  of  unity.  The  numerical  value,  expressed  in 
the  metric  system ,  of  the  specific  speed  of  any  ruuner  mav 
be  found  by  first  calculating  the  speed  and  power  output 
of  the  runner  under  consideration  for  one  metre  head,  and 
then  mathematically  reducing  the  runner  in  size  until  it  will 
deliver  one  horse-power.  The  speed  of  this  reduced  runner, 
when  operating  at  its  point  of  maximum  efficiency  is  its 
rated  specific  speed,  and  this  speed  is  expressed  in  the  formula 

N.=  RPM  x  V^P 
h5/4 

the  quantities  being  expressed  in  the  metric  system.  For 
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in  which  the  liorse-power  and  liead  a  it  ('■、  |>r(、ss('<l  in  t  lio  foot  - 
pounds  system,  while  the  NM  remains  in  t lie  metric  system. 
The  specific  speed  as  calculated  from  tliis  latter  Imiimla  is 
the  one  generally  used.  『n  figuring  the  specific  sjxmmI  of  any 
turbine  having  more  than  one  runner,  the  horse-j>ower  used 
in  the  formula,  of  cour.se，  is  the  output  of  each  runner. 

An  examination  of  the  fonmila  will  show  that  for  a  given 
revolution  per  minute  and  head,  the  liorse-power  output  is 
proportional  to  the  s<|uare  of  (he  specific  speed;  also  1  liat. 
lor  a  ^iven  liead  and  horse-power,  the  revolut ion  per  niimito 
of  a  \  ur))ine  is  proportional  to  tlie  specilic  speed.  Five  years 
ago  a  specilic  speed  of  275  was  considered  to  l)e  quite  lii^h, 
while  to- (！ ay  a  specilic  speed  of  400  is  secured,  together  with 
as  liigh  a  maxiniuni  efficiency  as  was  previously  secured  with 
a  specific  speed  of  275.  Thus,  to-day  it  is  possible  with  very 
liigh  efficiency  to  secure  for  a  given  condition  of  head  and 
power,  and  with  the  same  maximum  efficiency,  a  speed  in 
the  neighbourhood  of  50  per  cent,  greater  than  was  possible 
five  years  ago  ；  or,  for  a  given  head  and  s^'ed,  an  increase 
of  approximately  1 00  per  cent,  in  the  horse-power  can  be 
obtained. 

With  the  highest  specific  speed  which  could  he  secured 
five  years  ■  ago,  tlie  resulting  revolutions  \wv  rniiiut-ei  for  ； i 
vertical  shaft  single-runner  turbine  for  low  heads  was,  in  a 
great  majority  of  cases,  such  as  to  make  the  cost  of  both  the 
turbine  aiul  geiiei'ator  prohibitive.  During  the  last,  two 
years,  however,  with  l'unners  of  increased  specific  speed ,  n 
much  higher  rotat ionai  speed  can  be  secured  for  tlie  sumo 
head  and  power,  so  that  tlie  turbine  and  generator  designs 
have  become  thoroughly  practical  and  economical.  Altliougli 
it  is  true  that  th&  rotational  speed  seen  red  in  such  a  turbine 
is  low  when  compared  with  the  speed  secured  with  turbines 
of  the  same  specific  speed  and  having  t.wo  or  more  runners, 
there  are  many  mechanical  advantages  involved  in  the  use 
of  the  single-runner  vertical  turbine  for  low  heads  which 
more  than  over-balance  the  increased  cost  of  the  generator. 

Among  the  principal  advantages  of  the  single-runner  unit 
are  the  following  ： ― 

(1)  Only  one  gate  mechanism  is  required,  and  this  is 
located  above  the  head  cover  of  the  turbine  and  is  accessible 
at  all  times  for  inspection  while  the  unit  is  in  operation. 
The  only  parts  of  the  turbine  that  are  submerged  are  the 
runner  and  the  guide  vanes.  Repairs  can  be  made  to  the 
gate-operating  mechanism  without  dismantling  the  turbine. 

(2)  Owing  to  the  fact  that  only  one  gate-operating 
mechanism  is  used,  involving  a  small  number  of  parts,  the 
chance  for  breakage  is  reduced  to  a  minimum,  and  lost  motion 
and  deflection  in  tlie  governor  engine  connections  are  avoided. 

(3)  It  is  possible  to  secure  in  a  single-runner  unit  an 
ideal  draught  tube  of  long  tapering  section,  without  an  ob- 
struction or  sudden  turn.  Therefore,  with  this  type  of  wheel 
it  is  possible  to  use  runners  of  the  very  highest  specific  speed, 
as  the  draught  tub©  can  be  designed  to  convert  the  velocity 
at  the  discharge  from  the  innner  buckets  into  effective'  head 
witli  small  degree  of  loss. 

(4)  With  a  single  runner  vertical  unit,  it  is  possible  to 
mould  in  the  concrete  a  spiral  turbine  casing  similar  in  de- 
sign to  the  cast-iron  spiral  casings  used  in  connection  with 
high  head  turbines.  It  would  be  impracticable  to  prepare 
spiral  casings  for  vertical  or  horizontal  turbines  having  two  or 
more  runners,  for  obvious  reasons.  In  a  single  runner  turbine 
operating  in  a  spiral  casing  the  water  is  directed  to  the  runner 
at  uniform  velocity  around  its  entire  circumference,  producing 
more  uniform  operation  and  liigher  efficiency  thereby.  In  tlie 
case  of  the  multi-runner  vertical  or  horizontal  wheels,  however, 
it  is  necessary  to  set  these'  wheels  in  open  flumes  or  cylindrical 
casings,  in  which  ca&&  the  water  is  not  guided  uniformly  to  the 
runner.  Consequently,  the  approaching  water  is  in  a  more 
or  less  turbulent  state  from  eddies  and  whirls.  In  order  to 
eliminate  excessive  loss  in  efficiency  due  to  these  eddies  and 
whirls,  it  is  essential  to  keep  the  velocities  extremely  low  in 
the  flume  by  increasing  the  dimensions  of  the  flume,  and 
therefore  the  distance  between  wheel  centres. 

(5)  It  is  very  often  possible  with  turbines  of  the  single 
nnmer  vertical   shaft   type  to  locate  tlie  runner  and  ^ate 


lanism  above  lii^li  tailwaier  level,  so  t hat  tlie  closing 

){  the  head  ^atf*s  aiul  draina^f*  of  t  lie  \vlu'^l|»it ,  an 
nay  examine  all  parts  of  the  t ui  ljiiif  wit liout  first 
having  to  pum|>  oul  I  In*  wlu'fl  rli;m 山'' r. 

The  advantages  enumerated  in  favour  of  the  single  runner 
vert ical  wheel  have  made  that  tyj>e  of  turhiiu*  most  d*-siial>lr* 
io!'    low   1 1  cad    iu.st  allations   and  also   fov    m:my  lii^li 
developments,  and  uii<ioul)tecllv  t liis  ( v|><*  *>i  unil  will  U*  、'*',  、' 
generally  adopte<l  in  t Iw  future. 

(To  be  continued.) 


INDUSTRIAL  AND  TRADE  NOTES. 

Coal  and  Iron  Output  of  Germany.  -'I  hc  out  pu  t  <>I  ",:tl.  i  ik  !<hI  1 1 > 
I  i^;n  i  t«*,  i  it  (i(»rniii  ny  rose  i  rom  m  1 1  lion  nict  i  ic  ton^  m  M  H  *J  l'» 

^78-1)  millions  i n  liil.'I.  Tfic  total  on  1  |>u I  of  raw  iron  in  (八-，川："'、 
and  Ijii x<Miil)oiii'»i  last  yoa r  was  I iiiillion  met  in-  a、  rom 

j>a red  with  I  7'H't  millions  in  H )  12 . 

Utilisation  of  Waste  Heat  at  Ironworks.—     The  Wliif' 小； iv'  ii  I  h-m;. 
tite  Iron  and  Stool  ('miipimy  have,  wo,  tuidorstaixl, 山' ci(i«'(l  to  lay 
down  at  their  ironworks  at  ('lcator  Mom-  a  plant  for  co'ivcrtiiig 
waste  heat  into  Hwtric  power,  \\\\ icli  will  I"'  sold  to  the  mi  ties  in 
the  Ciiiiil)orlan(l  irott  ("v  field .    'I'll''  |>l;i  n  t  will  Ic  .similar  in  t  > 
to  that  which  has  proved  so  satisfactory  and  |'r(>fit:i，，l(»  at 
iron  and  st(、,"  works  on  the  l'::ist  Coast ,  but    t  lie    |iro jt-ct    is  a 
pioneer  ono  loi"  CiiihIxm  hind. 

Light  Railway.— The  B');ir(l  ol  Tr;l(l,'  lmv*-  n-c-ntlv  rn.ii,rn>.-.l  tl.r 
under  mentioned    Ord^r  l>.v    the    Li^lit    U;iiluay    ('"imii 卜 

sionois :  County  ol-  Hcrtlord  Li^lit  Hailways  ( \\';it  lord  ;i  n<l 
Bushey  Abandonment)  Order,  1914，  authorising  fche  abandon  men  t 
of  part  ol'  tiit*  li^lii  railu  ays  antlioi  iscd  l»v  the  County  ol  HfM't 
ford  \A^ht  H ailwiiys  (N'o.  1  j  Order,  l!K)l,  :tti'l  i,l  tli«-  li^lil  rail、、:，.、 
iiuihoristMl  l>y  tl"、         nly  of   Ih'rttm'l  Hn  1 1\\  a  \  s  i  \\  A  u  i.i .  1 

ami  liuslicy  K\*i<Misi<)iis.  A'**. )  "i  (1pi'，  l!M)H,  and  t''r  nl  ln-i  |,'ir|m、，'、. 

A  Large  Motor  Ship. ~ There  was  launched  from  M" 、、卜  llai  l;ni<l 
ami  Wolff's  yard  at  (Jlas^ow  on  tin-  1  I  tli  inst.  th**  iw  in  scicu 
motor-vessel,  "  Mississippi,"  tor  tli*1  Atlantif  'Via  msjum  I  Tin- 
vessel,  wliich  is  the  first  sh i p  built  bv  tlu1  firm  to  h<»  'I  l'、 
internal  coml>nstion  engines,  is  383ft.  "in.  long  over  all,  olH  t.  tin. 
in  extreme  breadth,  and  of  ahout  .— >,00()  tons  gros、  Sh,-  will  1"、 
fitted  with  two  four-stroke  cycle,  single  acting  I)i*'s*'l  *'iigiii,'、，  ,'；u  li 
coupled  direct  to  its  line  of  shafting,  and  two  four-stiokr  ('v('l,', 
single-acting,  auxiliary  Diesel  engines,  each  coupled  direct  to  its 
dynamo  and  air  compressor.  Each  of  the  main  engines  lias  、i\ 
cylinders,  26|in.  (670  mm.)  in  diameter  and  of  39§ in.  ( 1 H  n  i  inm  、 
stroke.  With  105  revs,  per  minute  the  normal  horse-power  、vill 
l)e  1 ,000  i.h.p.  for  each  engine. 

Employment  in  German  Industries  in  1913.  ― According  in  the 
German  Imperial  Statistical  Department,  the  pa、t  v*'ar  pmv"'l 
a  distinctly  unfavou rable  one  for  German  iii(liisu  i' -、.  Tli,'  vt-ry 
satisfactory  condition  of  employment  、vlii(li  pn'vailrd  :it  tli'*  ln^iu- 
ninjj;  of  1913  gradually  gave  way  to  a  decline,  u  liicii  hrcanic 卜门 
ticularly  noticeable  du ring  the  latter  pa rt  ot"  the  yt-ar.  Htuiiis 
covering  about  two  million  workpeople  show  a  ris:»  in  tlif  propoi- 
tion  unemployed  from  April  onwards,  when  2  pt'r  r'nt,  、"  i、 '， " 
of  work ,  to  a  niaxinium  of  4*8  per  rent,  in  l)*'('t'nil"'r ― a  Iu^Ium- 
figure  than  any  recorded  since  the  returns  were  first  (ollwtwl  (in 
1903)  ；  secondly,  that  the  figure  in  each  month  of  lf)13  i>  distinctly 
higher  than  that  for  the  corresponding  niontli  ol  1!U'_).  Tli,' 
average  works  out  to  2*9  per  cent,  in  1913,  as  against  2  pei  c.-iit . 
in  1912. 

Employment  in  the  Engineering  Trades. ―  A。。。r 山， tn  tli''  '-  lii>:ml 
of  Trade  Labour  Oazetto,"  omployinont  in  Janua vy  u  as  good  on 
the  whole,  and  showed  no  marked  change  com  pa  red  witli  tlio  piv 
vious  month.  The  eii<iineoriiig  and  shipbuilding  trades  continut'd 
luisy,  and  employnieiit  at  coal  minos  was  still  、'•"■、•  good.  W a^fs 
in  the  iron  and  steel  trades  continued  to  fall  ；  in  other  tratl'  、 
there  was  still  some  upward  movement.  The  changes  taking 
effect  in  January  affected  4(>,4(J()  workpeople  of  w  hom  19,71)0 
received  increases  and  20,700  sustained  loductions.  tho  iu-t  ctft'ct 
of  all  the  dian^es  l><、ii»g  an  increase  of  .just  ovor  {：'2()()  p,、r  、、,>"1<. 
The  number  of  new  disputes  in  January  was  ")4.  and  the  total 
imml>('r  ol'  workpeople  involved  in  all  disputes  in  pro^icss  、、； ,、 
(51 ,783,  as  compared  with  59,026  in  Dwmher.  191 Tlit'  t'>timat，'（l 
total  aggrt 、^： ate  (Imatimi  ot  all  disputes  during;  tho  niontli  was 
094,800  working  (lavs,  as  compannl  with  907, 7(M)  in  Dooemhor. 
1913. 

Consolidated  Diesel  Engine  Manufacturers,  Ltd. 一 A、  a  n'、'i It  or' 
the  uiifavom';" 山、 report  p'il"ish，、(l  hy  this  company  sonio  littlo 
time  ago,  a  cominittt、，、  of  sha rolioldors  was  appointed  to  investi- 
gate the  position  of  att'airs.  and  tho  results  of  its  deliberations 
have  now  Ixhmi  piv^Mitcd  in  no  less  than  throe  n'ports.  The  ono 
signed  l>y  tho  majority  of  the  cominitteo  concludes  tliat  tho 
a rran<;onnMit  existing  with  Alcssrs.  I'sines  (，a，vls  Krores  should  ln» 
tonninatod,  and  states  t!iat  tho  pom""tto,、  lia vo  ('oi"'lii(lt»d  a  pr<» 
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visional  jigroement  for  the  purchase  l»y  Messrs.  Carels  of  the 
10,001  shares  held  by  the  Diesel  Company  in  tlieir  firm  for 
1 1. ■)(),()()(),  to  hv  s-,\ t  isticd  hy  the  payment  of  L'.")0,0( )()  in  casli  ；、 
1(K),()00  shares  in  the  Diesel  Company  now  held  by  them.  Th'> 
committor  do  not  propose  to  take  action  against  the  directors. 
They  recommend  reconstruction  with  a  view  to  carrying  on  the 
Ipswich  works  alone.  The  new  company  would  have  a  capital  of 
£500,000  in  10s.  shares,  750,000  being  issued,  and  each  share- 
holder would  be  tMititled  to  apply  for  three  new  shares  with  7s. 
paid  for  vxovy  two  now  held.  The  second  report  u rges  a  voluntary 
w  inding  up,  and  the  third  strongly  opposes  the  disseverance  of 
the  Ghent  and  Ipswich  works,  and  recommends  the  adj (川 rimie'it 
of  the  coming  meeting  with  a  view  to  a  meeting  between  the  Board 
and  three  or  four  of  the  largest  incU"'(、ii(lt'iit  sli;uvlml"*'rs,  、、ht"i 
a  guaranteed  sclieme  might  be  formulated  a\  hich  should  safeguard 
tlie  company's  assets. 

Status  of  the  Consulting  Engineer. ― At  the  inaugural  dinner  of 
tho  Association  of  Consulting  EnginetM-s  i、、（'i'"tl.v  l"'kl，  Mr.  J.  H. 
Halfour-Bro^  ne,  K.C.,  said  the  association  represented  an  attempt 
to  keep  the  profession  of  engineering  on  the  heights.  He  could 
conceive  no  worse  fate  for  engineers  than  that  they  should  become 
a  a  instrument  of  manufacturers  or  the  slave  of  nmnicipal  cor- 
porations. In  order  to  maintain  a  profession  at  its  highest  level 
it  should  have  an  external  conscience  in  addition  to  the  individual 
(■onsciences  of  its  members,  and  the  association,  witli  its  rules  for 
moral  guidance,  w  as  ;i  conscience  of  that  kind.  AVitli  regard  to 
ti  ado  and  commerce  the  members  of  the  association  must  stand 
in  splendid  isolation.  New  trades  ought  not  to  be  liandicajjpcd 
hy  the  competition  of  public  departments  operating  with  funds 
provided  by  the  very  people  、vith  whom  they  were  competing. 
Kurtliei',  State  and  municipal  engineers  should  not  be  allowed  to 
compete  with  what  he  would  call  ordinary  consulting  engineers. 
They  should  devote  all  their  time  and  attention  to  the  work  of  the 
municipality,  with  adequate  pay,  and  if  they  did  that  adequately 
tliey  ought  to  have  no  time  for  engaging  in  private  practice. 
There  was  also  the  danger  that  the  municipal  engineer  acting  in 
a  consulting  capacity  was  liable  to  have  a  narrow  outlook.  Ti"' 
variety  of  work  engaged  in  by  the  consulting  engineer  was  his 
stren^tli .  ;i  iid  w  as  calculated  to  give  a  judicious  l>readth  to  his 
decisions  which  was  invaluable  to  his  client. 


NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
bf  pleased  to  forward  copies  post  free  on  receipt  of  Wd.  Aihl rrss 
" Mechanical  Engineer^  53,  New  Bailey  Street ,  Manchester. 

MECHANICAL  1912. 

Locomobile  steam  generators   and  superheaters.     MrCourt,  and 

Jionecourt  Surface  Combustion,  Ltd.  24113. 
Pumps   actuated   by    the    motive    fluid    in    internal  comlnust ion 

engines.    Walker.  24173. 

1913. 

Driving  belts.    Walton .  1476. 
Transmission  gearing.    Naumann.  1806. 
Percussive  rock  drills.    Kirsch.  2081. 

Apparatus  for  cooling  and  cleaning  gases.    Wollaston.  2114. 
Two-cycle  rotary  explosion  engine.   Patrick  &  Peterson.  2151. 
Furnaces  for  steam  boilers.    Brewtnall.  2254. 
Metallic  packing.    McDonnell.  2259. 

Apparatus  and  system  for  treating  ores.     Durand  &  Stapley. 
2300. 

(irinding  and  polishing  machines.    Lardinois.  2324, 
Alloys  containing  cobalt.    Haynes.  2487. 
Valves  and  valve-actuating  mechanism.    Shilston.  2498. 
Braking  ot  machinery.    Bi'o、vn，  Boverij  &  Co"  and  Thallniaycr. 
2586. 

Process  for  the  manufacture  of  iron.    Rubel.  3445. 
Speedometers.    Brown.  5456. 

Carburetters  for  internal-combustion  engines.  McGregor.  5496. 
Flues  of  steam  generators.    Loi*d.  7387. 

Arrangements  for  clearing  soot  from  steam   boilers.  Jobling. 
7841. 

Internal-combustion  turbine.    Scott.  8007. 

Production  of  aluminium  from  its  compounds.    Giulini.  8166. 
Hoisting  machinery.    Clarke,  Chapman,  &  Co.,  and  AVoodeson. 
8256. 

Sand  moulding  machines.  Wade.  9098. 
Mill  bar  heating  furnaces.    Diether.  9358. 
Traction  engines.    Heer.  10037. 

Carburetters  for  internal-combustion  engines.    Eiker.  ll】f)2. 
Steam  generators.    Meikle.  11564. 

rullel  slide  valves  or  cocks.    Lees  &  Loos.  11815. 


Kraction  propolling  mechanism  operated   hy   gas   explosion  for 

ships.   Baltzinger.  12159. 
Kmmatimi  of  geai*-\vhool  tooth.     Parsons  &  Cook.  13981. 
I>**vico  for  extracting  tiilx's  from  condensers  and  hoilors.  Jonos 

14134. 

Fluid-pressure  pump  governors.   Crittenden.  14399. 
Littiiig  ； nid  ('liain-hauliii^  jacks.    Barker.  14491. 
Starters  for  explosion  engines.    Lecocq  &  Van  der  Aa.  14799. 
Automatically  starting  explosion  engines.    Dupont.  】W;0. 
Apparatus  for  measuring  the  pressure  of  gases.    Pi  Her.  10130. 
Railway  rail  joints.    Broomhall.  16837. 
Welding  iron  and  steel.    Eisengraber.  17040. 
Continuous  ingot-heating  furnaces.   Siemens.  17955. 
Smoke-consuming  device  for  fireboxes.    Boyce.  18209. 
I  ntf^rnal  combustion  engines.    Kalianjee  &  Paianjapp.  184*{.'i. 
Uailway  rail  joints.    McCoy  &  Bowersox.  18723. 
Steam  heaters  for  railway  vehicles.   AVilcl.  19980. 
I  ntfM  iial  combustion  motors  for  self-propelling  torpedoes.  l">v*'r 
21018. 

M ills  to i'  grinding,  crusliing,  and  pulverising  ores.     King,  :uid 

Head,  Wright 議， &  Co.  22476. 
Machines  for  fluting  twist  drills.    Strong.  25562. 

ELECTRICAL,  1913. 

Manufacture  of  tungsten.  British  Thomson-Hoiistoii  Cmnpanv 
1915. 

Dynamos.    Lee  &  Oldfielcl.  1990. 

Controlling  electrically-operated  mechanism.    Brunn.  220.">. 

Electric  safety  lamps  for  mines.    Attwater.  2372. 

Storage  battery  charging.    Simon,  Roberts,  &  Chad  wick. 

Time  mechanism  for  operating  electric  switches.  Horstniaim , 
Hoistmann,  Horstmann,  Horstmann,  &  Edgar.  2,588. 

Electrical  switches.  William  McGeoch  &  Co.,  and  Reynolds.  27:". 

Transmitting  apparatus  for  use  in  wireless  telegraphy  and  tele- 
phony.   Marconi.    2918  and  2919. 

Electric  switches.    British  Thomson-Houston  Company.  3462. 

Electric  motor-control  systems.  British  Thomson-Houston  Com- 
pany. 3684. 

Electricity  prepayment  meters.     British  Insulated  and  Helslty 

Cables,  Ltd.,  and  Wilson.  4472. 
(uMH'rators  of  electric  current  for  ignition  purposes.  Vendervell 

and  iMidgley.  5013. 
Herniation    of    (lvnamos.     British    Thomson-Houston  Compnnv. 

6285. 

Battery  compounds.    Mackenzie.  7298. 
Incandescent  electric  lamps.     Lowden .  7722. 

Track  contact  devices  for  electric  tramway  vehicles.  Helfenstoin. 
8267. 

Electrical  connectors  of  the  plug  and  socket  type.    Lu iid  1  mii\l' , 

Lundberg,  Lnndberg,  &  Pegg.  11960. 
Electrical  high-tension  indicator.     Stephenson.  18975. 
Telephone    transmission   circuits.      Western   Electric  Company. 

20179. 

Electrical  regulating  switches.    Hulbert.  23110. 
Transmitter  of  electric-writing  telegraphs.      AVidegren  &  "Wi (lo- 
tion. 29241. 


METAL  QUOTATIONS. 

TUESDAY,  FEBRUARY  17th. 

Aluminiura  ingot    86/-  per  cwt. 

，,         wire,  according  to  sizes,  &c  from  112/-  " 

,，        sheets        ,,  "    ,，  112/ -  ，， 

Antimony    £27/10/-  to  £29/10/-  per  ton. 

Brass,  rolled   7Jd.  per  lb. 

，,    tubes  (brazed)   9|d.  ，， 

,，       "     (solid  drawn)   8Jd.  ，， 

"       ,，      wire    7^d.  ，， 

Copper,  Standard   £05/2/6  per  ton. 

Iron,  Cleveland   50/9  ，， 

，， Scotch   56/9  ，， 

Lead,  English    £19/17/0  ,, 

，， Foreign  (soft)    £19/10/-  ,, 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，,  ，，  ，,       medium   3/6  to  C/-  ,, 

，，  ,，  ,,       large   7/6  to  11/ 一  " 

Quicksilver   £7/10/-  per  bottle 

Silver   26Jd.  per  oz. 

Spelter    £21/6/3  per  ton. 

Tin,  block   £180/15/- ，， 

Tin  plates     13/4〗  ，， 

Zinc  sheets  (Silesian)   £25/—/—  ,, 

„  (Stettin  ；  Vieille  Montagne)   £2f)/2/6  ,， 
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On 
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UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,    Highest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c. 


a) 


HEAD  OFFICE: 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  : 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILE  P 

NflNL EAK  Jointing 

llUllLitMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  UAEK  ！ 


FREE  FROM  LEAD! 

IMPROVES  WITH  AOS  1 


TESTING  SIMPLES. 


WILL  NEVER  BLOW  OUT,  8CALE,  OR  ROT. 

Leeds  Koad, 


J.  E.  TURNER  &  CO.,  Ltd.,  ^        BRiTbFORD,  York.. 

Fowler's  Mechanics  &  Machinists' 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 


The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  thousands  were  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
To  prevent  disappointment^  those  desiring  copies  should 

ORDER  AT  ONCE. 


Price  8d.  post  free. 

SCIENTIFIC   PUBLISHING  COMPANY, 

S3,  NEW  BAILEY  STREET,  MANCHESTER. 


^  Vol.  33,  No.  8+0. 

Edited  by 

IAM    H  .  FOWLER, 

Wh.  Sc.,  M.Inst.C.E. 

Telegrams:  "Scientific/*  Manchester. 
Telephone  No.  6O55  City. 

SUBSCRIPTION  RATES. 

United  Kingdom  ：  12/6  per  annum,  post  free. 
Canada :  14/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 

*  21/-*       ，，  ，，  Thick  ，， 

*  Foreign  Remittances  by  International  Money  Order  only. 
Note.— Direct  annual  subscriptions   include  a   Free  Copy  of 

Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the  Scientific 
PuMishing  Company,  and  forwarded  to  our  Manchester  Office, 
53，  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


The  Value  of  Boiler  Inspection. 

A  striking  illustration  of  the  value  of  inspection  for  prevent- 
ing boiler  disasters  lias  been  furnished  by  the  report  of  the 
Chief  Government  Inspector  of  the  United  States  Locomotive 
Boiler  Inspection  Department.  The  reputation  of  the  United 
States  for  boiler  fatalities  of  all  kinds  has  for  a  long  time  been 
notoriously  bad,  and,  as  regards  the  general  run  of  boilers  on 
land,  if  we  except  locomotives,  shows  little  sign  of  improve- 
ment. It  is  certainly  no  exaggeration  to  sav  that  for  one 
serious  boiler  explosion  in  this  count rv  there  are  20  in  the 
States,  but  these  do  net  come  before  the  puhlic  eye  so  pro- 
minently as  locomotive  failures,  which  prohahlv  accounts  for 
the  special  cognisance  which  govmmient  authorities  have  at 
last  taken  with  respect  to  failures  011  railways.  How  greatlv 
it  was  needed  is  shown  by  the  fact  that,  not  withstanding  the 
little  imperfections  inseparable  from  t  he  introduction  of  a  new 
system,  and  that  attention  has.  been  inainlv  concentrated  on 
the  more  serious  defects,  the  figures  sliow  a  ivducticm  of  over 
60  per  cent,  iu  the  number  killed,  and  10  per  cent,  in  tlie 
number  injured  by  failures  of  lot'oniot  ivv  boilers  and  their 
Hppurtenances  during  the  year  ("i(ied  June  30th,  1913,  as 
compared  with  the  preceding  year,  tliongh  the  accident  rate 
still  remains  liigli  and  du ring  the  last  year  resulted  in  36 
people  being  killed  and  911  injured.  That  the  rate  is  still  on 
the  down  grade  is  clear  from  a  comparative  summary  of 
the  accidents  recorded  du  ring  the  first  ami  la"  quarters  of 
1913,  the  figures  for  which  give  214  for  tlie  former,  as  against 
106  for  the  latter.  Seasonal  fluctuations  may  of  course  affect 
tliese  figures  sliglitlv,  but  it  cannot  account  altogether  for  tlie 
sati&faotorv  diminution  shown  and  it  wouKI  apj>ear  that 
1914  will  provide  the  C'liief  Inspector  with  quite  as  good 
a  text  for  his  sennon  on  tlie  import aiue  of  boiler  inspec- 
t ion  as  the  figures  in  his  rej)ort  recently  publislied.  So 
evident  and  immediate  have  been  the  good  effects  brought 
about  bv  skilled  and  periodic  su{>ervisiou?  not  oiilv  as  regards 
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boilers,  but  also  as  regards  engines  and  other  parts,  owing  to 
the  incidental  discovery  of  defects  in  the  course  of  boiler 
examinations  which  are  a  fruitful  source  of  accidents  and 
derailments,  such  as  cracked  and  broken  wheels,  loose  tyres, 
badly-worn  flanges,  &c.，  that  the  report  concludes  with  the 
recommendation  that  Congress  should  legislate  with  a  view 
to  confer  upon  the  boiler- inspecting  department  the  power  to 
order  repairs  to  any  part  of  a  locomotive1  when  it  is  found  to 
be  in  a  condition  which  it  deems  unfit  for  service.  Such 
beneficial  action  as  it  has  be&n  enabled  to  exert  at  present  in 
connection  with  engine  inspection  is  of  a  vol unta rv  kind,  and, 
wliile  the  report  bears  testimony  to  the  manner  in  whicli 
railway  officials  as  a  rule  appreciate  this  service,  there  are 
some  who  decline  in  any  way  to  notice  its  suggestions,  even 
when  they  conc&i'n  grave  defects,  on  the'  ground  that  the 
supervision  of  the  department  is  limited  by  law  to  the  boiler 
and  not  to  other  parts  of  the  locomotive.  The  gratifying 
results  brought  about  by  the  system  of  periodical  inspection 
as  regards  locomotives  will,  it  is  to  be  hoped,  lead  to  tlie 
growth  of  a  healthy  demand  by  the  American  public  for  the 
application  of  similar  legislation  to  all  other  classes  of  boilers. 
If  it  were  applied,  the  results,  we  venture  to  say,  would  be 
even  more  striking  than  those  revealed  in  the  report  under 
notice. 

THE  INSTITUTE  OF  METALS. 

The  annual  general  meeting  of  the  Institute  of  Metals  will  be 
held  at  the  Institution  of  Mechanical  Engineers,  Storey's  Gate, 
Westminster,  S.W.，  on  Tuesday  and  Wednesday,  March  17th 
and  18th.  On  the  Tuesday,  at  3  p.m.,  there  will  be  a  general 
meeting  of  members  in  the  hall  of  the  Institution  of 
Mechanical  Engineers,  when  the  report  of  tlie  Council  on  the 
work  of  the  past  year  will  be  presented  by  tlie  President,  and 
tlie  newly-elected  president,  Engineer  Vice- Admiral  Sir  Ik'm  v 
J.  Oram,  K.C.B.,  F.R.S.,  will  deliver  his  inaugural  address . 
In  the  evening  the  fifth  annual  dinner  will  be  held  at  the 
Criterion  Restaurant,  Piccadilly  Circus,  W.  On  the  Wednes- 
day the  members  will  meet  in  the  hall  of  the  Institution  of 
Mechanical  Engineers  at  10-30  a.m.  and  3  p.m.,  when  a 
selection  of  pap&rs  will  be  read  and  discussed .  The  following 
is  a  list  of  the  papers  and  reporis  that  are  expected  to'  be'  sub- 
mitted ： ( 1 )  First  report  to  the  Beill^v  Research  Committee, 
dealing  with  the  solidification  of  metals  from  the  liquid  state, 
by  C.  H.  Desch,  Ph.D.,  D.Sc.   (2)  "  Bronze,"  by  J.  D&wrance. 

(3)  "  Vanadium  in  Brass  ：  The  Effect  of  Vanadium  on  the 
Constitution  of  Brass  containing  50-60  per  cent,  of  Copper." 
by    R.    J.    Dunn,    M.Sc"    and    O.    F.    Hudson,  M.Sc. 

(4)  "  The  Quantitative  Effect  of  Rapid  Cooling  on  Binary 
Alloys  '，  (second  paper),  by  G.  H.  Gulliver?  B.Sc.  (5)  "  Crystal 
Protomorphs  and  Amorphous  Metal,"  by  Prof.  A.  K.  Hunt- 
ington, A.R.S.M.  (6)  First  report  of  the' Nomenclature  Coin- 
】nittee.  (7)  "  The  Influence  of  Nickel  on  Some  Copper- 
aluminium  Alloys/'  by  Prof.  A.  A.  Read,  M.Met.,  F.I.C.,  and 
R.  H.  Greaves,  M.Sc.  (8)  "  Mimtz  M&tal :  The  Correlation 
of  Composition,  Structure,  Heat  Treatment,  and  Mechanical 
Properties,  &c.，，，  by  J.  E.  Stead,  D.Sc,  D.Met.,  F.R.S.,  and 
H.  G.  A.  Stednian,  A.M.LE.E.  (9)  "  The  Micro-chennstrv  of 
Corrosion,"  part  II. ，  by  S.  Wliyt&,  B.Sc,  and  C.  H.  Descli, 
Ph.D.,  D.Sc.  At  a  meeting  on  May  12th,  Prof.  E.  Heyn 
(Berlin)  will  deliver  the  fourth  May  lecture,  his  subject  being 

Internal  Strains  in  Cold  Wrought  Metals,  and  Some  Troubles 
Caused  Thereby.  '  The  lecture  will  be  given  at  8  p.m.  in  tlie 
hall  of  the  Institutiaji  of  Mechanical  Engineers.  The  animal 
autumn  meeting  of  the  Institute  will  be  held  at  Portsmouth 
during  the  second  weet  in  September,  1914. 


SIEMENS'  CONTINUOUS  INGOT  HEATING  FURNACE. 

A\'  i :  illustr; 山' licicwil  h  ；  i  design  of  Curn;ice  t'nr  li^at  ing  ingots, 
billets,  })l()oins,  t  \  \e  invention  of  Mr. 】？.  K.  Siemens,  10， 

Queen  A  line's  Gate,  West  minster,  Loiulon.  Tlie  f  uninco  is  of 
tlie  type  known  as  pusliLng  furnaces  and  in  which  the  ingots 
to  be  heated  are  delivered  to  the  furnace  at  one  end  and  are 
l'ed  forwards  through  a  portion  of  the  furnace  having  a  com- 


paratively low  temperature  to  a  high-teniperaUire  portion  or 
finishing  hearth,  usually  heated  by  a  lior&eshoe  flame  or  a 
flame  extending  across  it,  where  the  1>illets  are  raised  to  a 
temperature  suitable  for  rolling,  forging,  or  other  treatment. 
With  this  furnace  it  is  claimed  that  an  efficient  condition  can 
be  readily  maintained  without  necessarily  providing  large 
discharge  door  areas  even  in  the  case  of  pushing  furnaces  of 
large  capacity  and  high  working  temperatures  on  the 
finishing  hearth  wliich  are  becoming  common.  The  part  of 
the  furnace  whicli  is  most  liable  to  wear  and  tear,  namely,  the 
finishing  hearth,  together  with  its  roof  and  side  walls,  are 
made  removable  and  interchangeable. 

Fig.  1  is  a  longitudinal  section  on  line  A ― A  of  Fig.  2, 
whicli  is  a  sectional  plan  on  line  B ― B  of  Fig.  1.  Tlie  furnace 
is  a  regenerative  furnace  with  the  brickwork  omitted  from  tlie 


Fig.  2. 

Siemens'  Continuous  Ingot-hkating  Furnace. 

regenerative,  chaiubers.  The  whole  of  the  finishing  hearth  R， 
iiu.-luding  the  roof  or  arch  and  sid©  walls^  is  mounted  on  a 
carriage  S  which  runs  on  rails  T  laid  upon  the  foundry  floor. 
Should  the  finishing  hearth,  or  any  part  thereof,  require 
renewal  or  repairs,  or  should  access  to  it  be  necessary  for  any 
other  purpose,  such  as  the  removal  of  billets  which  havB 
become  welded  together,  it  is  run  out  on  the  rails  T  and 
replaced  by  a  similar  liearth,  thereby  enabling  the  furnace  to 
b©  used  practically  without  interruption.  In  addition  to'  the 
greater  accessibility  for  repairing  and  other  purposes,  the 
construction  of  these  furnaces  with  a  removable  finishing 
liearth  involves  the  further  advantage  that  the  time  required 
for  cooling  down  the  liearth  is  much  less  when  the  hearth  is 
drawn  away  from  the  rest  of  the  fumace  than  when  it  lias  to 
cool  in  situ .  The  joints  between  the  stationary  parts  of  the 
removable  finishing  hearth  are  formed  in  the  manner  wliich 
lias  been  used  for  a  long  time  in  the  ca&e  of  tipping  furnaces. 


Disastrous  Explosion  at  a  Dynamite  Factory. ― On  Friday  inorn- 
ing  last  an  explosion  occurred  at  the  Ardeer  factory  of  Nobel  s 
Explosives  Company,  Ltd.,  resulting  in  the  death  of  eight  men 
and  injury  to  s&veral  others.  The  official  account  of  the 
disaster  issued  bv  the  firm  states  that  "  Shortly  after  10  o'clock 
the  contents  of  a  building  in  which  blasting  explosives  are 
mixed  exploded  and  communicated  itself  almost-  immediately 
thereafter  to  a  small  magazine  in  which  there  were  no  workers 
at-  the  time.  The  two  buildings  were  completely  wrecked,  and 
a  ^(jnd  deal  of  st  vuri  ural  damage  was  done  to  otlier  buildings. 
Five  men  who  weiv  eniploved  in  tin'  gelatine  mixing  house 
lost  tlieir  lives.  In  acklition  to  these,  three  service  runners 
also  lost  1  heir  lives.  Some  other  workers  suffered  minor 
injuries.  At  present  it  is  impossible  to  say  what  caused 
the  accident 
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BREAKDOWNS  OF  STATIONARY  ENGINES.* 

BV  MICHAEL  LUNGKIDGK,  VICK-PKESIDENT. 

I  understand  that  the  subject  on  which  you  wish  me  to 
discourse  is  " 】3i'eakdowns  of  Machinery. "  That  is  a  far 
larger  field  than  I  can  well  cover,  and  so  I  propose  to  siu  v<'y 
one  part  only ~ viz.,  that  occupied  hy  stationary  steam  <Mi^ine«, 
such  as  are  commonly  used  for  driving  mills  and  factories,  aiul 
about  these  there  is>  rnucli  more  to'  be  said  than  I  can  say  in 
the  short  space  of  one  hour. 

Now  breakdowns  of  stationary  engines  is  rather  a  sen- 
sational title  for  a  lecture,  and  it  is  possible  that  some  may 
have  come  here  expecting  a  more  exciting  story  llian  I  am 
})t*©j)ared  to'  tell.  That  such  may  not  depart  entirely  unsatisfied 
I  will  begin  by  referring  to  the  bursting  of  tlie  flywheel  of  a 
pair  of  horizontal  compound  engines,  indicating  about  400 
i.h.p.,  and  transmitting  that  power  to  a  weaving  shed  by  a 
spur  flywheel  hung  upon  the  crank  shaft.  Botli  cylinders  had 
Corliss  valves.  On  the  morning  of  tlie  accident  II ic  engine 
started  at  6  a.m.  and  ran  as  usual  till  about  7  a.m.,  when  it 
began  to  race.  The  operatives  threw  off  their 】oo 川 s  and  ran. 
The  engine-man  and  another  man  rushed  to  tlie  engine 
house,  and  with  conspicuous  bravery  made  for  the  stop  valve, 
whicli,  as  usual,  was  placed  between  the  two  cylinders  in  a 
direct  Hue  with  the  flywli&el.  Before  tliey  could  close  the  valve, 
possibly  before  they  reached  it,  the  flywheel  burst,  and  both 
were  killed.  Soine  of  the  flying  inasses  cut  tlie  travelling  crano 
in  two  and  unroofed  the  engine  liouse.  Others  cut  tlirough  tlie 
wall  of  the  emgino  house  and  ploughed  a  path  of  destruction 
into  the  weaving  shed,  unfortunately  injuring  four  of  the 
weavers  who  had  been  unable  to  escape.  Thai  flywheel  arms 
were  snapped  off  short,  at  their  junctions  with  the  boss,  and  a 
large  pieo©  was  torn  out  of  the'  boss  itself,  the  pinion  was 
broken,  and  tlie  second-motion  shaft  ―  a  heavy  shaft,  8^in. 
in  diameter ― was  dragged  from  it's  fixings  and  bent.  The 
engine  foundations  were  dislocated,  and  the  engines  them- 
selves moved  bodily  from  their  places.  Fortunately,  the  cranks 
and  connecting  rods  remained  coiineoted,  and  tlie  cylinders 
were  saved,  but  all  tliei  valve  gear  was  smashed  and  the>  bed- 
plate of  the  condensing  engine'  was  badly  cracked. 

When  the  wreckage  had  been  cleared  away  sufficiently  to 
allow  access  to  the  engines,  I  examined  them.  I  found  the 
governor,  the  wheels  which  drove  it,  and  the  knock-off  gear  in 
order.  The  front  steam  valve  of  the  high-pressure  cylinder 
was  open  and  the  spring  in  the  front  end  of  the  dashpot,  whicli 
should  have  closed  it,  was  compressed  and  cemented  coil  to 
coil,  and  to  the  walls  of  the  dash  pot,  by  a  viscous  brown 
cement  consisting  apparently  of  baked  grease.  Tlie  spring 
remained  com  pressed  when  taken  out.  If  it  stuck  fast  when 
tlie  engine  was  running,  tlie  steam  valve!  at  the  front  end  of 
the  cylinder  must  have  remained  open  and  the  racing  would 
be  accounted  for.  In  suggesting  this  as  an  explanation  of  tlie 
breakdown,  however,  I  should  niention  that  the  consolidation 
of  the  grease  about  the  dashpo't  spring  may  have  been  due  to 
cold,  for,  owing  to  tho  destruction  of  the  engine  house  roof 
and  wall,  the  engines  had  been  exposed  to  very  cold  weather 
for  several  days  before  I  saw  them.  The  cause  of  the  break- 
down, therefore,  is  uncertain. 


Cause  of  Breakdown. 

1891  to 
1900. 

(1)  Accidents  and  causes  not  ascertained. . . . 

(2)  Negligence  or  ignorance  of  owner  or 

Per  cent. 
3G 

1!) 

30 

15 

I'cr  cent . 
27 

22 

30 

21 

Per  cent. 
29  , 

19 

21 

31 

(3)  iStructural  a\  uakness,  bad  design,  work- 

(4)  Old  defects,  and  (IctcTiorat  ion  l>y  w  car 

Total   

100 

100 

100 

In  another  niishap  of  a  similar  nature  the  wreck  was  too 
complete  to  leave  any  clue  to  the  cause.  Fort unatel  v,  sinaslies 
so  complete'  are  the  exception,  not  the  rule.  Of  7 1  break - 
downs  in  100  the  cause  can  be  discovered .  The  table  herewit  h 
shows  the  number  of  breakdowns  attributable  to  each  of  the 
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four  groups  of  causes,  as  jwrcentages  of  the  total  breakdowns 
during  tliree  consecutive  periods  of  ten  years. 

The  classification  is  not  very  satisfactory,  because  it  in  with- 
out clear  lines  of  demarcation.  It  was  begun  man v  years  ago 
and  could  not  afterwards  be  altered  without  much  labour.  Hut 
if  tlie  figures  are  not  very  accurate,  their  meaning  is  quite 
clear.  Those  in  line  1  call  for  no  remark,  except  that  the 
high  {)erc'«ntage  in  tlie  first  decennial  j>eri(xl  is  principally  due 
to  want  of  opportunity  for  investigation.  The  constancy  of 
the  percentage  in  line  2  suggests  tliat  Board  schools  haw  wni 
changed  human  nature  over  much  ；  but  the  reduction  in  tlio 
last  column  of  line  3  awakens  hope  lliat  tlie  vast  sums  s|>«Mit 
on  technical  education  have  not  been  altogether  wasted  ；  and, 
if  we  take  the  figures  for  each  of  these  ten  years  separately, 
hope  changes  to  conviction,  for  we  find  the  percentage  falling 
more  or  less  regularly  from  23  in  1901  to  16  in  1910.  If  more 
evidence  be  wanted,  it  is  given  by  line  4，  which  by  comparison 
with  lines  2  and  3  reveals  how  work  and  age  are  year  by  year 
supj>lanting  ignorance,  neglect,  bad  workmanship,  and  bad 
design  as  causes  of  breakdowns  of  steam  engines.  I  do  not 
mean  to  say  that  improvement  in  design  only  began  ten  years 
ago,  but  it  was  gradual.  The  substitution  of  tin*  |'riii('i|>"'s  oi' 
meclianics  and  arithmetic  for  rule-of-thumb  was  slow,  and  the 
replacement  of  old  engines  by  new  was  slower  still,  so  that 
years  elapsed  before  the  effects  of  the  change  became 
appreciable.  But  if  progress  was  slow,  it  was  effective.  \VIi*mi 
I  began  to  collect  statistics  34  years  ago,  engines  running  for 
tlie  most  part  50  to  60  hours  per  week  broke  down  on  an 
average  once  in  5i  years;  now,  though  speeds  and  pressures 
have  been  doubled,  they  break  down  once  in  9|  years.  That  is 
what  we  older  men  have  done.  Those  who  are  taking  our 
places  are  expected  ix>  do  more;  and  if  it  will  lighten  your 
task  to'  start  it  with  some  knowledge  of  the  casualties  from 
which  the  several  parts  of  steam  engines  most  connnonlv  suffer, 
I  am  here  to  tell  you  all  I  can  in  the  time  allotted  to  me. 

Valves  and  Valve  Gears. 一 I  begin  with  valves  and  valve 
gears,  because  at  the  present  time  they  fail  more  frequently 
than  other  parts  of  steam  engines.  About  one- third  of  the 
total  number  of  breakdowns  originate  in  them .  The  proportion 
has  nearly  doubled  in  the  last  35  years.  It  has  increased  con- 
currently witli  the  use  of  Corliss  and  oilier  complicated  auto- 
matic trip  gears,  made  up  of  many  pieces.  Many  of  those 
gears  are  too  weak  for  the  abnormal  stresses  to  wliich  all  valve 
gears  are  occasionally  exposed  ；  but  a  large  proportion  of  the 
breakages  is  due  to  failures  of  the  screws,  bolts  and  keys,  by 
which  the  parts  are  held  together.  Many  breakages  of  valve 
gears  cause  little  damage,  but  some  have  very  serious  results. 
Most  "  runaways  ，，  are  due  to  failure  of  valve  gears  or  governor 
gears  controlling  them.  Every  engine,  therefore,  ought  to 
have  a  "knock-off  "  gear  acting  on  the  stop  valve  or  a  special 
runaway  valve.  Electric  gears  which  can  be  operated  by 
pressing  a  button  in  any  part  of  the  works,  as  well  as  by  t  In* 
kno<:k-off  motion  on  the  engine  are  the  best.  Valves  intended 
to  be  closed  by  springs  should  be  actuated  by  gears  which  will 
clo&e  them  if  the  springs  should  fail,  a-s  seems  to  have 
happened  in  the  breakdown  I  first  mentioned.  Not  a  few 
breakdowns  are  caused  by  eccentrics  slipping  or  becoming  dis- 
connected from  valves,  leaving  the  one  or  other  of  the  cylinder 
ports  permanently  open  or  closed -  WIhmi  this  port  is  a  M'  :'m 
port  of  a  high-pressure  cylinder  a  runaway  may  follow  ；  wIkmi 
it  is  an  exhaust  port  the  compression  curve  may  run  up  high 
enough  to  blow  off  the  cylinder  end.  When  the  inlet  to  tl"、 
low-pressure  cylinder  remains  closed,  the  pressure  iu  the  valve 
chest  or  receiver  may  rise  sufficiently  to  burst  one  or  the 
other.  All  these  things  have  happened,  and  the  only  pre- 
ventatives I  can  suggest  are  large  safety  valves,  ferruled  to 
j>revent  overloading,  uot  only  on  the  cylinder  ends,  but  on  tli" 
receivers,  or  pipes  between  the  cylinders. 

Air-pump  Motions,  Valves  and  Buckets.—  A  Hoi  valve  _： 
the  parts  which  fail  most  frequently  are  air-pump  motions, 
valves  and  buckets.  They  accounted  for  20  per  cent,  of  the 
engine  breakdowns  30  years  ago.  They  still  account  for 
about  16  per  cent.,  and  yet  some  trouble  on  the  part  of 
engine  tenders,  and  a  little  thought  on  the  part  of  engine 
builders,  would  enonnouslv  diminish  the  number  of  mishaps. 
The  cause  of  lialf  of  them  is  corrosion  ciiul  neglect .  Xt\irlo<-t  is 
almost  pardonable  when  oue  considers  the  dark,  dirty,  inacces- 
sible holes  in  wliich  air  pumps  are  so  often  placed.  Corrosion 
is  to  be  expected,  aud  should  be  circumvented  by  putting 
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Fig.  5.  Fig.  6. 

use  combinations  of  brass  and  iron.  If  th©  water  be  at  all 
acid,  a  brass^sheathed  rod  will  be  cut  through,  wlier©  the 
sheathing  ends,  as  with  a  knife.  Avoid  trunk  motions.  The 
screw  of  the  oye  at  the  bottom  of  the  trunk  will  suffer  from 
corrosion,  and  the  pin  from  grit.  Every  trunk  motion  I  have 
had  to  deal  with  has  broken  down  at  least  ono©.  Finally,  pay- 
great  attention  to  all  fastenings;  put  tlie  air  pump  in  a  light, 
accessible  place,  and  if  there  be  any  doubt  about  the  free  flow 
of  the  water  from  the'  hot  well  by  gravitation,  make  th©  motion 
fit  for  a  pressure  of  at  least  501bs.  per  square  inch  on  the 
bucket. 

Bed  Plates.  ―  Breakages  of  engih©  frames  and  bed  plat&s 
can  be  dismissed  with  a  very  few  words,  because  by  far  the 
largest  number  are  caused  by  the  pounding  of  t，ne'  engines,  or 
by  wringing  up  holding-down  bolts，  after  the  seats  below  have 
been  softened  by  oil.  It  is  true  that，  witli  modern  systems  of 
lubrication  and  oil  recovery,  very  little  oil  should  reach  tlie 
seat,  but  it  is  equally  true  that  the  modern  practice  of  setting 
clown  an  unplaned  bed  plate  in  a  rough  lump  of  concrete, 
packing  it  level  with  any  bits  of  iron  that  may  be  handy,  and 
grouting  it  witli  cement,  provides  so  little  material  to  resist  the 
oil  that  the  grouting  ceases  to  give  adequate  support:'  even 
sooner  than  did  the  old  ashlar  seats  with  gallons  of  oil  poured 


neit  her  bolts,  nuts，  screws,  rings,  valves,  nor  guards  inside  the 
pump.  There  are'  both  vertical  and  horizontal  air  pumps  on 
the  market-  which  can  be  made  without  a  single  fastening 
inside.  If  you  must  use  tho  old-fashioned  vertical  pu"】p，  put 
no  rings  in  the  bucket  ；  water-sealed  buckets  need  not  be 
tight .  I  have  known  two'  plain  buckets,  |in.  less  diameter 
than  the  pumps  in  which  they  worked,  giving  lOlbs.  vacuum 
in  the  cylinder. 

Secure  the  bucket  and  guard  against  a  collar  or  cone'  ou  tlie 
bottom  of  the  rod,  by  a  nub  or  cotter  on  top,  as  in  Figs.  1  and 
'2，  instead  of  tapering  the  cone  downwards  and  putting  the  nut 
below  the  bucket,  as  in  Fig.  3，  to  drop  off  and  allow  the  bucket 
to  fall  into  the  foot  box.  Slide'  the  foot  valve  grid  into 
grooves  in  the  foot  box,  and  cast  the  guard  upon  the  foot  box 
cover,  as  in  Fig.  4，  so  that  there  may  be  uo  bolt  to  corrode'  and 
break.  If  the  pump  be'  horizontal,  the  bucket  will  not  he 
water  s&aled，  and  the  piston  must  either  be  renewed  when  it 
lias  worn  down ,  or  fitted  with  a  ring.  The  piston,  being  a 
plain  disc,  can  be  screwed  and  shrunk  on  to  the  rod.    Do  not 


Fig.  3.  Fig-  4. 


ti  there  is  only  a  top  and  bottom  brass,  shields  like 


1 

f 

. 1 
1 

1 

1 

1 

1 

1 

-0-£- - 

1 

1 

* 

Fig.  9.  Fig.  10. 

upon  a  pair  of  broad  machined  folding  wedges  at  eacli  bolt 
hole3  as  in  Figs.  5  and  6. 

Cylinders  should  not  be  placed  on  coiu-rete,  l、ut  mi  iron 
frames  or  plating,  ； ■"'(•(mling  to'  their  shape.  This  plating 
should  have  holes  for  running  oenient  between  it  and  ihe  con- 
crete seat,  and  there  should  be'  raised  rims  round  these  holes, 
round  all  openings  for  pipes,  and  round  the  edges,  to  retain 
uil  and  water  ；  also  macliined  facings  for  the  cylinder  feet  to 


over  them  each  week.  The  conse(|uei]ce  is  that  breakages  of 
frames,  bed  plates,  and  the"like?  still  bear  as  large  a  proportion 
to  the  total  breakdowns  as  in  the  early  'eighties,  namely,  about 
7  per  cent.  It  is  quite  easy  to  keep  engine  seats  free  from  oil, 
and  dry.  All  frames  and  bed  plates  should  have  cliamiels 
round  tho  feet,  as  in  Fig.  6，  troughs  under  the  ends  of  all  bear- 
ings, or. 


Fig.  7. 

those  on  the  bearings  for  the  shafts  of  dynamos  and  motors. 
Tli&  bed  plates  of  vertical  engines  of  the  marine  type  should 
have  the  bottoms  of  the  crank  pits  cast  with  them. 

Where  a'  bed  plate  is  to  rest  on  ashlar,  it  should  bo  planed 
on  the  underside,  and  rubbed  to  a  perfect  fit  upon  the  dressed 
surface  of  the  stone.  When  it  is  to  rest  on  concrete,  the 
bottom  surface,  which  is  to  bo  supported  by  the  cement  grout- 
ing, should  be  as  wide1  as  possible,  instead  of  a  strip  a  few 
inches  wide  along  each  side  ；  and  holes  should  be  arranged  at 
intervals  for  running  the  cement  into  tlie  space  between  it  and 
the  concrete  seat.  In  my  opinion  it  is  best  to'  plane  the 
underside  at  each  holding-down  bolt>?  and  level  the  bed  plate 
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stand  on,  so  that  they  may  slide  wlien  the  cylinders  expand. 
Horizontal  engines  sliould  he  firmly  held  to  the  »eal  a  I  tin* 
crank  end,  but  the  cylinder  end  should  be  free  to  slide. 
Never  tighten  a  iiolding-down  bolt  t ill  t lie  supcrincumlxMit 
weight  lias  been  lifted  from  the  1km  I  plate,  and  the  space  ho  low 
it,  if  1  lie  re  be  any,  carefully  packed. 

Cylinders.  ― In  old  days  breakages  of  cylinders  v/vw  g('n'' 
rally  due  to  water  or  stray  piston  holts ；  now  tlie  majority 
are  caused  by  water  or  structural  weakness.  Tlie  diagram. 
Fig.  7，  shows  plainly  what  has  happened.  The  ahscissa?  re ] ire 
sent  successive  periods  of  five  years  from  1879  to  1913,  the 
ordinates  the  breakages  of  cylinders,  as  percentage's  of  t  ho 
total  number  of  breakdowns,  in  each  quinquennial  period. 
The  year  1883  may  b'ei  considered  as  about  the  end  of  the  old 
time,  when  801bs.  was  a  high  pressure,  and  a  tallow  kettle 
simmered  on  the  cylinder.  About  1890  steam  of  1601bs. 
pressure'  began  to  bei  used  in  mills,  and  many  old  cylinders, 
reduced  in  diameter  by  liners,  were  supplied  with  it  regardless 
of  weakness  of  ends  and  valve'  chests.  Also  many  of  the  new 
cylinders  made  about  that  ti"ie'  were  too  weak.  The  curve 
shows  how  breakages  increased,  and  subsequently  decreased  as 
the  new  conditions  were  met  by  improved  designs. 

Before  referring  to  some  of  the'  faults  of  design  which  pro- 
voke fracture,  I  would  like  to  remind  designers  of  cylinders 
and  other  parts  that  deformation,  or  strain,  induces  stress,  It 
is  often  an  advantage  to  consider  what  deformation  would 
occur  in  the  thing  they  may  be  designing  if  it  were  made  of 
india-rubber.  Figs.  8  and  9  show  a  cylinder  made  in  1894 
for  a  pressure  of  1201bs.  per  square  inch.  It  worked  for  eight 
years  at  that  pressure,  then  for  18  months  at  1401bs.,  and 
finally  for  six  months  at.  1601bs.，  when  the  two  longitudinal 
cracks  A  A,  Figs.  8  and  9，  were'  found .  Regarding  the 
cylinder  as  made  of  india-rubber,  it  would  be  'seen  at  once  that 
the  two  sides  of  the'  upper  part  of  the)  jacket  (Fig.  9)  would  be 
forced  outwards,  and  bending  would  occur  just  where  the 
cracks  appeared.  Even  if  the'  outer  cylinder  were:  complete, 
as  in  Fig.  10，  the  steam  passage  would  be  a  source  of  weakness, 
because  its  bottom  surface,  having  the  same  pressure  on  both 
sides,  would  flatten  out  and  allow  the  same  kind  of  deformation 
as  before.  The  flat  top  of  the  steam  passage  (Fig.  9)  was  also 
weak,  and  would  probably  have  cracked  along  its  longest  edges 
in  course  of  time,  for  the  stress  calculated  by  the'  formula  for 
flat  surfaces  : — 
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given  in  Unwinds  u  Machine  Design  77  was  16,000  per  square 
inch.  In  good  designs  I  have  found  f  to  lie  between  3，0001bs. 
and  8?0001bs.  The  wide'  variation  is  not  surprising  when  one 
considers  how  much  the'  strength  of  castings  is  affected  by 
shape  and  crystallisation  during  cooling.  In  dealing  witli 
castings  experience  is  the  only  safe  guide,  though  for  purpose 
of  comparison  a  formula  may  be  useful  as  a  rough  criterion. 

Fig.  11  shows  sectional  views  of  the  】iigh- pressure 
cylinder  of  a  triple-expansion  engine,  made  five  or 
six  years  later,  for  a  boiler  pressure  of  1601bs.,  and 
a  pressure  of  701bs.  in  the  receiver  between  it  and  the 
I. P.  cylinder.  Soon  after  it  was  set  to  work  it  cracked 
through  the  bars  across  tlie'  ports  A,  and  then  from  the  corners 
B  of  the  ports.  It  was  replaced  by  another  of  the  same 
design,  which  quickly  failed  in  the'  same  way.  Here  there  was 
a  load  upon  the  end  of  92  tons  during  admission  and  52  tons 
during  exhaust.  If  the  cylinder  had  been  rigid  and  the  load 
distributed  uniformly  over  tlie  cross-section  of  the  metal,  the 
stress  would  nowhere  have  been  excessive  ；  but  with  a  cylinder 
of  iudia-rubber  it  is  easy  to  see  how  a  large  part  of  the  load 
would  be  concentrated  on  the  bars  across  the  ports,  and  how, 
on  their  failure,  the  deformation  of  the  end  would  intensify 
the  stresses  at  the  corners  of  the  ports.  Also  deformation  of 
the  barrel  from  a  circular  to  an  oval  cylinder  would  be  caused 
by  the  external  pressure  on  the  top  and  bottom,  and  the 
absence  of  an  equal  external  pressure  on  the  sides.  Tliis 
deformation  is  sometimes  sufficient  to  make  well-fitting 
pistons  seize. 

Finally,  passages  cast  round  cylinders,  whether  for  live 
steam,  as  in  these-  figures,  or  for  exhaust,  frequently  originate 
circumferential  cracks  in  the  barrel,  owing  to  the  unequal 
expansion  of  the  metal  inside  and  outside  them.  They  are 
also  likely  to  cause  sponginess  where  the  walls  join  on  to  the 
barrel.    The  design  is  not  one  to  be  copied,  aud  I  caunot  but 


suspect  iliat  if  tlie  drauglitsrrian  had  kept  the  iiidia  rul 山,' r 
model  in  iniiid  when  he  was  drawing  it,  tlies<?  cylinders  would 
never  have  been  cast  . 

Tlie  usual  way  of  strengthening  the  ends  of  cylinders  is  to 
lengtlien  the  disiaiice  between  the  ports  and  the  end  flan 二'' •、 
and  then  to  lengthen  tlie  sj>i^ots  on  the  cylirxler  covers,  to  till 
tlie  increased  clearance  spaces.  Unfortunately  the  clearance 
surface  at  each  eiul  of  the  cylinder  is  thereby  increased  by  two 
rings,  each  equal  in  area  to  the  circumference  of  tlie  cvlinder 
multiplied  by  the  length  of  the  spigot ~ ratlifr  ； in  imjMjrt ant 
disadvantage  when  saturated  steam  is  to  be  used  ； ukJ 
guarantees  of  steam  consumption  are  required.  Of  course,  it 
is  possible  to  suppress  the  surface  by  making  tlie  spigot  lit  t  he 
cylinder,  but  then  it  is  extremely  difficult  to  get  tlie  cover  ofT  ； 
or  by  making  the  joint  at  the  surface  of  the  spigot  next  tlie 
piston,  but  that  may  be  as  dangerous  to  tlie  cylinder  and  cover 
flanges  as  a  ring  of  jointing  material  placed  entirely  inside  the 
bolt  circle,  unless  special  precautions,  wliich  I  caiuiot  now 
describe,  be  taken .  The  practical  alternative  seems  to  be  to 
make  the  space  so  narrow  that,  when  it  is  filled  with  water, 
the  surface  of  the  water  presented  to  the  stcani  in  ，ii''  '  ,  lm(l<'' 
will  be  so  small  that  the  condensation  and  evaporation  will  \)a 
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negligible.  The  late  Mr.  Bryan  Donkin  made  some  experi- 
ments for  me  to  determine  how  narrow  the  space  would  linvf 
to  be,  and  he  told  me  that  under  most  conditions  a  difference 
of  ^in.  in  the  diameter  of  cvlind^r  and  spigot  would  probably 
suffice  to  keep  the  space  filled  with  water  and  the  surface 
inactive.  His  experiments  were  made  with  clean  steam  ；  with 
oily  steam  the  space  might  possibly  be  increased,  because  the 
fluid  filling  it  would  be  more  viscous  than  pure  、vat"r. 

If  the  bell  nioutli  and  spigot  be  bored  and  turned  slightly 
conical,  and  to  fit  each  other  when  there  is  no  jointing  mat-erial 
between  the  flanges,  then,  when  the  jointing  material  is  put 
iii，  the  water  space  will  be  very  narrow,  but  will  widen  rapidly 
as  the  cover  is  being  drawn  off.  When  the  bell  mouth  is  very 
short,  deformation  and  local  stress  at  the  corners  of  the  i>orts 
may  be  reduced  by  bolting  a  deep  cover,  like  a  short  cylinder 
with  its  two  flanges  tied  together  by  ribs  between  tlie  bolt 
lioks，  to  the  cylinder  flanges.  The  difficulty  of  designing 
rvlinders  for  high  pressures  and  temperatures  is  nnicli 
enhanced  by  attempting  to  combine  valve  chest,  steam  and 
exhaust  passages,  and  cylinder  in  a  ？ ingle  casting.  It  is  far 
better  to  make  cylinders  plain  tubes,  or  plain  tubes  with 
nozzles  near  the  ends,  and  to  carry  the  valves  in  suitable  gable 
ends,  cylinder  covers,  or  valve  chests  bolted  to  tlie  flanges  on 
the  barrels.  The  arrangement  allows  the  barrel  to  be  made 
of  hard  metal,  giving  an  index  number  of  about  40  when 
tested  by  Shore's  sclei'oscope  ；  while  tlie  more  complicated 
castings,* containing  barrel,  valve  chests,  and  passages,  cannot 
be  made  with  metal  giving  a  higher  number  tlian  about  36. 
Moreover,  the  distortions  produced  by  teinj>erature,  aud  by 
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the  growth  of  grey  cast  irons  under  temperature®  as  low  as 
500'  Falu,  imperatively  demand  th©  very  simplest  forms. 

Damage  by  Water. ― Leaving  cylinder  design,  I  now  wisli  to 
sav  a  few  words  about  breakdowns  from  water.  Water  is 
seldom  carried  over  from  boile'rs  in  sufficient  quantity  to'  cause 
damage  when  st&am  pipes  are  properly  】aid，  as  shown  in 
Fius.  12  and  13，  with  a  continuous  fall  froin  the  l>oiler  junction 
valve  to  a  well  pipe  or  separator  near  the  cylinder,  and  a  con- 
tinuous rise  from  the  separator  to  the  engine  stop  valve,  wbicli 
should  be  at  the  highest  point  of  the  pipe,. and  as  near  to  the 
cylinder  as  possible.    Pipes  with  vertical  bends  (Fig.  14)  are 
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Fig.  14. 


apt  to  harbour  water  when  only  a  light  breeze  of  steam  is 
blowing  through  them,  and  this  water  is  carried  forward  in 
gulps  when  the  breeze  becomes  a  liurricane.  But  even  llu'st1 
gulps  seldom  do  damage,  except  when  they  get  into  the  upper 
ends  of  vertical  cylinders,  the  exhaust  ports  of  which  are  shut 
before  the  end  of  the  up  stroke,  or  into  horizontal  cylinders 
with  the  exhaust  ports  on  the  top.  Generally  the  water  caus- 
ing breakdowns  comes  from  jet  condensers,  when  an  engine  is 
running  slowly,  and  the  injection  cock  has  not  been  shut,  or 
the  vacuum  destroyed.  The  flow  into  a  jet  condenser  depends 
upon  the  vacuum  therein,  the  flow  out  of  it  upon  the  speed  of 
the  air  pump  ；  and  it  may  easily  happen,  when  an  air  puinj)  is 
running  slowly,  that  more  water  may  enter  the  condenser  than 
the  air  pump  can  discharge,  in  which  case  the  excess  first  fills 
the  exhaust  pipe  and  then  runs  into'  the  cylinder.  For  tliis 
reason,  wlien  the  air  pump  is  driven  by  the  main  engine,  the 
vacuum  should  always  be  destroyed  by  letting  air  into  the 
condenser  before  beginning  to  shut  off  steam  ；  and  when  it  is 
driven  by  an  independent  engine  this  engine  should  be  started 
before,  and  stopped  after,  the  main  engine.  It  is  often 
extremely  interesting  to  discover  how  water  has  got  into  a 
cylinder,  but  time  will  not  permit  of  going  into  tliis  point  now 
in  further  detail. 

( To  be  continued,) 


direction  finely  divided  liquid  sprays  under  considerable  head. 
As  the  gas  travels  down  the  increasing  thoroughfare  of  the 
cliamber  B  its  velocity  is  reduced,  but  heavy  entrained 
particles  by  reason  of  their  momentum  retain  some  of  their 
initial  velocity  and  tend  to  "  race  "  the  gas  and  to  fall  to 
the  bottom  into  a  lute.  The  sprays  from  above  help 
in  combining  with  entrained  matter  and  in  carrying  it 
downwards  to  the  lute.  The  lower  edge  of  the  coned  chamber 
B  terminates  some  small  distance  above  the  level  in  the  lute 
but  is  provided  with  what  may  be  described  as  a  comb  edging 
E，  the  prongs  of  the  comb  being  fluted  so  that  tlieir  points 
may  dip  below  the  surface  of  liquid  in  the  lute  and  form 
suitable  channels  for  draining  into  the  lute,  while  the  spaces 
between  the  prongs  allow  the  cooled  and  washed  gas  to  escape 
radially.  Surrounding  the  central  caned  chamber  is  a  cylin- 
drical shell  with  cover  which  forms  an  enclosed  annular 
chamber  H  of  considerable  size  around  the  central  chamber  B 
and  the  lower  edge  of  whicli  dips  into  the  lute.  On  a  stage  K 
witliin  the  annular  chamber  is  mounted  some  form 
of  filtering  or  drying  device,  for  example,  a  bed 
o\'  fibrous  or  granular  material  in  a  cage.  Or  alter- 
natively a  dryer  consisting  of  radially  disposed  and 
closely  spaced  thin  metallic  plates  L.  The  stage  carrying 
the  drying  device  is  dished  and  jirovided  with  drop  pipes  M 
for  draining,  which  dip  into  the  lute.  The  radial  plates  may 
be  form-ed  of  corrugated  metallic  sheets  mounted  with  corru- 
gations arranged  vertically,  and  with  wings  R  punched  out  by 
a  blunt  punch,  or  they  may  be  plain  non-corrugated  plates 
with  wings  R  punched  in  a  similar  manner,  or  the  plates  may 
be  punched  and  curved  and  disposed  in  plan  in  the  well-known 
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WOLLASTON  S  APPARATUS  FOR  COOLING,  CLEANING,  AND 
DRYING  GASES. 

The  accompanying  illustrations  show  an  apparatus  for  cooling, 
washing,  and  drying  gases  of  th&  kind  in  which  tlie  gas  is 
treated  with  cooling  and  washing  liquid  in  the  form  of  jets  or 
spray  in  a  vertical  chamber  or  column  whicli  diverges  towards 
the  base  and  delivers  on  to  the  surface  of  liquid  in  a  lute  or 
receptacle  below.  The  arrangement^  which  is  the  invention 
of  Mr.  T.  R.  Wallastoii,  26,  Corporation  Street,  Manchester, 
is  intended  principally  for  cooling  and  washing  the  gases 
delivered  from  retorts,  coke  ovens,  furnaces,  and  wlien  neces- 
sary for  su1)se(|uen1]y  scrul 山 iiiy  and  drying  ilio  is  ； iftpi' 
wasliing. 

Referring  to  the  illustrations,  hot  and  impure  gas  enters 
；" 1  ho  top  of  a  contval  vertical  rli;m 山 B  conical  in 
and  at  or   near   the  aj>ex  are  introduced   h\   a  downward 


Wollaston's  App.uiatus  foii.  Cooling,  Clean  in  (；.  and  Duying  Gases. 

manner  of  the  blades  of  a  pressure  fan  or  blower,  so  as  to 
cause  the  gases  passing  between  them  to  take  an  indirect 
cour&e  as  shown. 

In  one  arrangement  of  the  apparatus  the  gases  pass  from 
tlie  "comb"  shaped  lower  edge  of  the  central  chamber 
radially  outwards  under  the  supporting  stage,  and  then  flow 
upwards  and  radially  inwards  through  tlie  drying  device, 
finding  final  exit  throngli  an  outlet  branch  O  in  tlie  cover  of 
tlie  outer  casing.  In  another  arrangement  the  ^ases  pass  f rom 
tlie  u  combed  lower  edge  E  of  tli©  central  cliauiber  B 
directly  upwards  and  t lien  turn  out \va rds  to  pass  radially 
through  the  drying  (h'vitv,  lindiii^  lim]l  exit  tlu't'ugli  an  out- 
let branch  at  or  uenr  tlie  periphery. 
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FENCING  AND  OTHER  SAFETY  PRECAUTIONS  FOR 
TRANSMISSION  MACHINERY.* 

{f1onrf }i<1e<l  frow  jK(fft  .) 
Belt-perches. ― These  safety  appliances  are  closely  associ;il »•«! 
with  the  fencing  of  belts.  Where  machines  are  worked  in- 
termittently, it  is  a  common  practice  in  many  factories,  after 
the  use  of  a  machine,  to  throw  the  driving  belt  off  the  shaft 
pulley  until  the  machine  is  again  required,  in  order  to  econo- 
mise power  and  to  save  wear  and  tear  of  the  belt  and  pulleys. 
A  belt  may  also  slip  off  the  driving  pulley  accidentally  or 
may  be  thrown  off  intentionally  for  the  purpose  of  repairs. 
It  is  a  dangerous  practice,  however,  to  allow  a  belt  under  such 
circumstances  to  rest  on  a  revolving  shaft,  owing  to  the 
liability  of  the  shaft  to  seize  the  belt  and  wind  it  up.  Acci- 
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Fig.  16.— Simple  BELT-PEitcii. 
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dents,  due  to  falls  of  shafting  and  parts  of  machinery,  have 
often  occurred  from  such  a  cause.  Many  fatalities  and  serious 
accidents  have  also  happened  to  persons  on  taking  hold  of  a 
belt  resting  loosely  on  a  revolving  shaft;  these  have  sud- 
denly been  carried  up  to  the  shafting  owing  to  increase  of 
frictional  resistance  between  the  belt  and  the  shaft. 

Provision  must  be  made  in  all  cases  to  keep  loose  belts  out 
of  contact  with  revolving  shafts.  There  is  no  danger  if  the 
shaft  is  fenced  by  a  sleeve  of  metal  or  other  material.  In 
other  cases  some  type  of  belt-hook  or  belt-perch  must  be 
used,  and  various  forms  are  available.  The  simplest  (Fig. 
16)  consists  of  a  strong  hook  fixed  adjacent  to  the  driving 
pulley,  with  the  horizontal  portion  somewhat  longer  than  the 
width  of  the  belt  and  the  end  turned  up  under  the  pulley 
rim.  Another  type,  consisting  of  a  sheet-iron  sleeve  or 
trough  riveted  to  a  bracket,  is  shown  in  Fig.  17.  A  belt- 
perch  may  be  fixed  on  each  side  of  a  pulley  if  it  i&  desired 
to  displace  the  belt  on  either  side.  For  horizontal  belts,  the 
belt-perch  may  consist  of  a  simple  bracket  provided  with  two 
pegs  as  in  Fig.  18，  fixed  near  the  driving  pulley  and  shaft  ； 
similar  brackets  may  be  fixed  at  intervals  to  support  a  long 


Fig.  18.— Belt-perch  for  Horizontal  Belts. 

stretch  of  horizontal  displaced  belting.  A  better  type  where 
belt-poles  are  used  to  replace  belts  on  pulleys  is  shown  in 
Fig.  19,  consisting  of  four  or  more  parallel  pegs  with  turned- 
up  ends,  bolted  to  a  curved  bracket  fixed  eccentrically  near 
the  pulley.  The  design  of  the  bracket  can  easily  be  adapted 
to  suit  different  positions  and  directions  of  the  driving  belts 
(Fig.  20).  If  a  pulley  is  situated  close  to  a  bearing,  or  if 
two  pulleys  are  close  together,  modified  perches  (Figs.  21  and 
22)  should  be  fixed  to  prevent  the  belt  falling  between  pulley 
and  bearing  or  between  the  pulleys  - ~  a  fre(|uent  cause  of 
accidents  and  damage  to  the  mill-gearing  and  inachinerv. 
Some  form  of  belt-perch  should  be  used  in  preference  to  tvin"' 
up  a  belt  to  the  ceiling  above  the  shafting,  an  operation 

*  From  Home  Oflice  report  on  "  Fencing  and  Safety  rrrcautiiuis  for  Traus- 
mission  Machinery,"  by  W.  Sydney  Smith,  H.M.  Inspector  for  Dangerous  Trade y. 


wliich  often  has  placed  the  worker  in  a  position  near  un- 
fenced  shafting  and  in  many  instances  has  led  to  fatalities 
and  serious  injuries.  Whenever  any  belt  repairs  are  neces- 
sary while  the  shafting  i.s  in  motion,  the  belt  should  never 
be  allowed  to  come  in  contact  with  ihc  shaft,  but  should  rest 
either  on  the  sleeve  fencing  the  shaft  or  on  a  belt-perch. 
Portable  perches  consisting  of  an  inverted  trough  fixed  to 
the  end  of  a  belt-pole  are  sometimes  used,  but  fixed  perches 
are  more  satisfactory  whenever  these  are  practicable. 

Belt-shippers.  ―  A  number  of  appliances,  both  portable  and 
fixed,  have  been  devised  for  replacing  belts  on  pulleys  from 
the  floor  level  in  cases  where  the  effect  of  slowing  down  the 
transmission  machinery  would  lead  to  damage  and  loss  of 
material,  especially  where  continuous  processes  are  carried 
on.  For  belts  not  exceedings  3in.  wide,  an  ordinary  belt- 
pole  may  be  used.  This  is  a  strong,  light  pole  about  liin. 
diam.，  carrying  at  its  upper  end  a  wrought-iron  pin  at  right 
angles  to  the  axle  of  the  pole.  Generally  the  pin  forms  part 
of  a  forged  tee-piece  driven  into  the  end  of  the  pole  and 
secured  by  a  ferrule.  The  length  of  the  pole  should  not  be 
less  than  the  height  of  the  shafting  above  the  floor  level. 
There  is  always  risk  of  accident  with  a  short  pole  as  the 
lower  end  is  liable  to  be  driven  forcibly  towards  the  work- 
man if  the  pin  is  caught  between  the  pulley  and  belt  or  in 
the  pulley  arms.  A  rigid  belt-pole  is  unsuitable  in  many  cases, 
and  its  use  may  be  considerably  limited  by  position,  size, 
length,  tension,  or  direction  of  the  belts,  or  by  such  obstruc- 
tions as  pillars,  beams,  and  walls.  Various  types  of  jointed  and 
flexible  belt-poles  have  been  devised  to  overcome  these  diffi- 
culties ； a  flexible  pole  is  probably  safer  to  handle  than  one 
of  tlie  rigid  type.  Another  improvement  consists  in  making 
the  pin  revolve  on  a  friction  roller  instead  of  being  rigidly 
fixed.  In  most  cases,  belt-poles  are  easier  to  handle  when 
belt-perches  of  types  consisting  of  parallel  bars  or  a  curved 


Fio.  】9.— iMPitovKD  Belt-perch. 

metal  plate  are  fixed  adjacent  to  the  pulley  rims.  (Fig.  22). 
With  such  a  perch  it  is  said  tliat  a  belt  9in.  wide  can  be 
replaced  on  its  driving  pulley  by  means  of  an  ordinary  belt- 
pole.  When  the  belts  are  too  heavy  or  the  shafting  too  high 
to  allow  the  use  of  a  belt-pole,  mechanical  belt-shippers  en- 
able the  belt  to  be  replaced  on  the  driving  pulleys  from  the 
floor  level  with  perfect  safety,  without  stopping  or  slowing 
the  transmission  machinery. 

The  earliest  type  was  invented  by  M.  Boudoin,  of  St. 
Sauveur-Luxeuil,  in  1871,  and  is  said  to  be  in  general  use 
throughout  the  factories  in  Alsace.  This  (Fig.  23)  consists 
of  an  arm  or  board  with  bevelled  edge,  bolted  to  a  socket 
which  is  free  to  rotate  on  a  fixed  sleeve  encircling  the  driving' 
shaft.  The  sleeve  is  attached  by  a  bracket  to  some  con- 
venient support  adjacent  to  the  pulley.  Both  socket  and 
sleeve  are  made  in  halves  screwed  together.  The  fit  between 
sleeve  and  socket  may  be  adjusted  by  tightening  or  slacken- 
ing the  socket  screws.  The  driving  shaft  rotates  freelv 
within  the  sleeve.  The  appliance  thus  forms  a  belt-percli 
upon  which  the  belt  rests  when  thrown  off  the  driving 
pulley,  and  each  pulley  must  be  fitted  witli  one  of  these 
appliances.  To  replace  a  belt  the  wooden  arm  and  socket 
are  turned  through  an  arc  of  a  circle  by  means  of  a  pole 
fitted  with  a  hook  which  engages  a  small  knob  near  the  lower 
end  of  the  arm  ；  the  bevelled  edge  of  the  arm  picks  up  the 
belt,  allows  it  to  slide  on  tlie  pulley  at  the  point  of  intake, 
and  prevents  it  slipping  off  the  pulley  it  travels  round 
the  rim. 

The  type  of  belt-shipper  adopted  by  the  Italian  Associa- 
tion for  Prevention  of  Industrial  Accidents  closely  resembles 
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the  above,  but  the  lower  half  of  the  socket  is  provided  with 
two  arms  inclined  at  an  angle  of  60°  towards  each  other 
and  connected  at  the  bevelled  extremities  by  a  metal  band 
bent  to  the  same  curvature  as  the  pulley  rim  (Fig.  24). 

There  is  also  a  portable  Boudoin  belt-shipper  which  may 
be  used  for  shafts  and  pulleys  varying  somewhat  in  diameter. 
The  sleeve  which  encircles  the  driving  shafts  is  made  in 
halves,  and  the  lower  half  is  provided  with  a  screw  which 
engages  a  nut  at  the  end  of  the  belt-pole  to  which  the 
apparatus  is  affixed  ；  the  movement  of  this  half  is  constrained 
except  in  a  vertical  direction.  The  sleeve  can  thus  be 
readily  placed  over  a  shaft  within  reach  of  the  pole,  and  the 
halves  can  be  brought  together  by  simply  rotating  the  belt- 
pole.  The  wooden  arms  attached  to  the  socket  are  provided 
with  slots  which  allow  adjustment  for  pulleys  of  different 
diameters  (Fig.  25).  The  apparatus  is  placed  adjacent  to 
the  pulley  and  held  in  position  while  the  belt  is  replaced  in 
the  usual  manner  by  rotating  the  arms  with  a  hook  attached 
to  a  pole. 


Fig.  20.— Impuoved  Belt-peiiches  for  Different  Positions  of  Belts. 


Fig.  21.— Simple  Belt-peiiches. 


Fia.  22.— Types'of  Bklt-pkhches. 

The  Brancher  belt-shipper  (Fig.  26)  is  similar  to  that 
of  Boudoin,  but  the  supporting  bracket  and  sleeve  are 
omitted  ；  the  socket  carrying  the  wooden  arm  is  suspended 
on  the  line  shaft  close  to  the  pulley,  and  lateral  movement  is 
prevented  by  a  pair  of  collars  screwed  to  tlie  shaft  by  counter- 
sunk set-screws.  The  socket  is  made  in  halves  and  the  upper 
half  is  provided  with  sheet-metal  wings  which  form  a  belt- 
perch  and  prevent  the  belt  coming  in  contact  with  the  bare 
shaft  •  it  contains  small  hard  wood  rollers  which  rotate  in 
thick  lubricant,  thereby  preventing  any  tendency  of  the 
metal  surfaces  to  seize.  The  Brancher  apparatus  and  other 
types  may  be  actuated  by  means  of  cords  or  hand-chains 
instead  of  a  pole  if  a  light  pulley  with  a  V-shaped  rim  is 
attached  to  the  socket  carrying  the  belt-shipping  arm.  Poles 
are  often  missing  when  wanted  and  the  worker  is  tlien 
tempted  to  replace  a  belt  by  hand.  No  excuse  can  be  offered 
in  case  of  failure  to  use  the  appliance  if  it  is  self-contained 
and  complete  with  operating  cords  or  chains. 

A  number  of  other  types  have  been  devised  by  Conti- 
nental inventors.  These  consist  of  various  arrangements  of 
metal  arms  adjoining  th©  pulley  and  form  a  belt-perch  which 
carries  the  unshipped  belt;  the  arms  are  generally  rotated  by 
means  of  hand  chains  or  cords  (Piat-Forest,  Fouvez,  Hofman, 
&c.).  In  others  the  belt-perch  consists  of  small  rollers  on 
parallel  pegs  fixed  at  the  side  of  the  pulley  and  arranged 
slightly  eccentrically  to  the  rim  ；  the  belt  is  pushed  from  the 
rollers  to  the  pulley  by  a  series  of  forked  levers  which  are 
operated  simultaneously  by  suitable  links  and  a  hand  rope 


(Heurtier-Piat),  or  the  belt-perch  is  moved  towards  the  pul- 
ley by  means  of  a  rack  and  pinion  operated  by  means  of  a 
cord  and  pulley  (Rieger).  In  the  latter  device  conical  rollers 
are  fitted  on  the  pegs  of  the  belt-perch  to  facilitate  mounting 
of  the  belt.  Mechanical  belt  shippers  are  often  used  in  con- 
nection with  a  fast  pulley  instead  of  a  combination  of  fast 
and  loose  pulleys  with  striking  gear.  An  English  type  of 
belt-shipper  is  shown  in  Fig.  27. 

Considerable  ingenuity  has  also  l>&en  exercised  in  devising 
appliances  for  moving  belts  from  step  to  step  of  cone  pulleys. 
Such  belts  are  generally  moved  by  hand  and  the  workers 
become  exceedingly  expert,  but  records  of  belt  accidents  show 
that  numerous  traps  and  crushes  of  the  hands  are  caused  by 
manipulating  the  driving  belts  of  cone  pulleys  on  lathes, 
drills,  and  other  macliine  tools.  The  devices  of  Duparque, 
Hirsch,  Berand,  and  Bamag  have  found  application  in  many 
Continental  works,  and  examples  are  found  in  some  of  the 
engineering  factories  in  this  country. 

Immediate  Stoppage  of  Transmission  Machinery. 一 Provision 
should  be  made  in  all  factories  for  bringing  the  shafting 
quickly  to  rest  in  case  of  breakdown  of  machinery  or  accidents 
to  workers  from  transmission  machinery.  In  old  installations 
electric  bells  are  often  considered  sufficient  for  signalling 
between  workrooms  and  engine  houses,  but  are  often  inade- 
quate in  case  of  mishap  or  accident  on  account  of  inevitable 
interval  between  the  accident,  receipt  of  signal,  and  stoppage 
of  the  prime-mover.  Where  steam  engines  are  used,  more 
efficient  devices  are  those  whereby  the  engine  stop-valve  can 
be  directly  actuated  from  any  floor  or  room  in  a  factory,  by 
means  of  electric  push-buttons  fixed  in  convenient  positions. 
Horns,  whistles,  electric  bells,  and  similar  appliances  are, 
however,  most  useful  as  a  means  of  communication  between 
beltmen  or  greasers  and  the  engineer  when  the  former  are 
engaged  on  repair  of  belts  or  other  work  of  maintenance  in 
connection  with  transmission  machinery.  Exchange  of 
signals  should  always  be  made  whenever  the  engine  and 
transmission  machinery  is  required  to  be  stopped,  moved, 
or  restarted  in  connectiou  with  such  work. 

Witli  electric  motors  for  driving  the  main  shafting  it  is 
comparatively  simple  to  arrange,  in  convenient  positions  of 
the  workroom,  push-buttons  to  actuate  the  main  switch  and 
stop  the  motor.  A  powerful  electro-magnetic  block  brake 
may  also  be  fitted  on  the  line  shaft  to  bring  the  transmis- 
sion machinery  quickly  to  rest.  For  new  installations  in 
f actories  provided  with  electric  power  supply  an  electric 
motor  for  each  machine  or  small  group  of  machines  is  the 
best  solution  of  the  problem  for  immediate  stoppage,  and 
possesses  many  advantages,  as  lines  of  shafting,  many  belts 
and  pulleys,  and  other  dangerous  elements  are  eliminated, 
often  with  economy  in  running  costs. 

If  mechanical  appliances  such  as  clutches  are  used,  the 
means  for  disengaging  the  transmission  machinery  should 
be  within  convenient  reach  of  the  workers.  Clutches  may 
be  worked  by  means  of  a  hand  lever,  a  hand  wheel  and  screw, 
or  a  chain  wheel  and  rack.  Electric  arrangements,  consist- 
ing of  an  electro-magnet  in  combination  with  a  powerful 
spring,  have  been  devised  for  actuating  the  disengaging  lever 
of  a  clutch  by  means  of  push-buttons  from  any  numbfer  of 
points  in  the  electric  circuit. 

Oiling  and  Cleaning — Such  necessary  work  as  oiling  and 
cleaning  should  be  done  only  by  trained  and  authorised  per- 
sons ； and  the  oiling  of  shafting  only  during  stoppage  of  the 
transmission  machinery ?  or  (if  this  is  not  possible  owing  to 
special  circumstances  or  the  requirements  of  the  manufac- 
turing processes)  during  slow  running  of  the  line  shafts, 
unless  the  transmission  machinery  is  so  fenced  as  to  prevent 
accidental  contact  with  moving  parts.  Oil  cups  or  lubri- 
cators should  be  fitted  on  all  shaft  bearings  unless  these  are 
of  a  self -lubricating  type.  Oiling  is  unnecessary  during 
motion  of  the  shafting  if  needle  lubricators  or  wick  lubri- 
cators are  provided.  The  flow  of  oil  in  a  needle  lubricator 
ceases  when  the  shaft  stops,  and  hence  these  are  more  econo- 
mical than  wick  lubricators,  which  allow  loss  of  oil  when 
the  shaft  is  stopped  ；  moreover  the  wick  may  become  blocked 
by  dirt  unless  care  is  taken  as  to  maintenance. 

In  self -lubricating  bearings  the  supply  of  oil  or  grease 
will  last  for  weeks  or  months  with  little  attention,  and  hence 
the  risk  of  accident  to  engiuemeu  and  greasers  is  reduced  to 
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a  minimum.  There  are  various  types  of  these  bearings  ；  in 
ring  bearings  one  or  more  metal  rings  hang  on  the  shaft 
journal  within  the  bearing,  dip  into  an  oil  reservoir  and 
convey  the  oil  to  the  shaft  when  in  motion  ；  in  roller  bear- 
ings and  ball  bearings  friction  is  reduced  by  a  ring  of  rollers 
or  balls,  and  a  small  supply  of  oil  will  last  for  a  month  or 
longer  ；  for  heavily-loaded  shafts,  properly  designed  bearing, 
fitted  with  grease  cups  filled  with  fat,  allow  the  shafting  to 
run  for  prolonged  periods  without  attention. 

LubricaiioTi  of  loow  ]uilloys  is  not  always  easy ,  and 
if  a  loose  pulley  seizes  a,  shaft  f rom  want  of  oil,  1  ho 
machinery  may  unexpectedly  be  set  in  motion  ami 
accidents  result.  The'  loose  pulley  is  sometimes  """i" 
slightly  less  in  diameter  than  the  fast  pulley  in  order 
to  lessen  the  belt  tension.  Needle  lubricators,  and 
lubricators  of  the  StaufTer  type,  or  fitted  with  a  piston, 
and  filled  with  solid  grease,  are  sometimes  used.    The  pulley 


the  top  rungs  of  the  ladder,  or  by  filling  in  the  spaces  be- 
tween the  top  rungs  with  wood  or  sheet  metal,  or  by  replac- 
ing the  ordinary  ladder  hooks  with  a  piece  of  bent  sheet  iron 
of  suitable  length  to  form  a  protecting  cap  over  the  shaft 
、vhich  would  be  temporarily  fenced  as  soon  as  the  ladder  is 
placed  in  position.  Safety  attachments  have  been  devised 
for  shafting  ladders,  which  are  so  arranged  (either  by 
mechanical  or  electrical  devices  in  combination  with  a  clutch 
lever  or  electric  switch)  as  to  cut  off  the  power  when  the 
ladder  is  removed  from  the  place  where  it  must  be  kept,  and 
the  transmission  machinery  is  brought  to  rest  before  the 
ladder  can  be  reared  against  the  shafting.  Such  an  arrange- 
in  en  t,  however,  requires  a  special  ladder  for  each  unit  of 
shafting. 

Many  appliances  have  been  devised  for  preventing 
slipping  of  the  foot  of  the  ladder.  Iron  spikes  attached 
to  the  bottom  of  the  ladder  are  common,  but  these 
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Fig.  23.— Belt-shtppeu  (Boudoix  Trrj:). 


Fig.  24.— Brlt  sutpper  (Italian  Typi:j. 


Fig.  25.— Portable  Boui>oin  Belt-shippeii. 


may  ride  on  a  recessed  sleeve,  secured  to  the  shaft,  and  filled 
with  solid  lubricant  which  can  reach  the  inner  revolving  sur- 
face of  the  pulley  boss  through  holes  in  the  sleeve.  Addi- 
tional means  of  safety  against  seizing  or  unexpected  wear 
of  the  shaft  may  be  secured  by  allowing  the  loose  pulley  to 
run  on  a  metal  sleeve  forming  an  extension  of  the  pedestal 
bearing  or  on  a  separate  fixed  shaft  in  line  with  the  axis 
of  the  countershaft  or  the  live  spindle  of  the  machine. 


dangerous  where  persons  are  accustomed  to  work  with  bare 
fe?t.  Generally  speaking,  the  form  and  material  of  the  non- 
skid  device  should  depend  on  the  kind  of  floor;  iron-shod 
feet  are  unsuitable  for  hard  floors  such  as  iron  plates,  flag- 
stones, brick,  tiles y  or  concrete  unless  the  surface  is  grooved  ； 


Fig.  26.— Belt-shipper.  (Branxher  Type). 


motion  should 
emery  cloth  held  in 
used,  such  as  long- 


Cleaning  and  polishing  of  shaftiug 
never  be  done  with  cotton  waste,  rags,  or 
the  hand.    Proper  appliances  should  be 

handled  brushes,  hooks  wrapped  round  with  cord,  or  special 
clamps  with  the  jaws  covered  with  leather  or  emery  cloth. 
These  can  generally  be  manipulated  from  the  floor  level. 
Rings  of  metal  or  leather  which  hang  loosely  on  the  shaft 
are  to  be  found  in  some  factories.  These  travel  to  and  fro 
along  the  shaft  and  effectively  clean  it.  They  are  largely 
adopted  abroad.  Many  accidents  occur  between  belts  and 
pulleys  in  motion  to  workers  engaged  in  treating  belts  with 
various  compositions  to  keep  them  pliant,  or  in  applying  resitt 
to  slack  belts  to  make  them  grip  the  pulleys  better.  This 
is  a  dangerous  practice  which  should  not  be  allowed  unless 
the  transmission  machinery  is  stopped  or  moved  slowly.  With 
a  shaft  speed  of  not  more  than  6  revs,  per  minute  there 
should  be  little  danger. 

Ladders  for  Transmission  Machinery.  ―  Suitable  non-skid 
devices  are  necessary  for  all  ladders  used  in  factories,  es- 
pecially in  connection  with  transmission  machinery  for 
manipulating  belts,  oiling  bearings,  and  other  work  of  main- 
tenance. Shafting  ladders  are  generally  fitted  with  hooks 
at  the  upper  end,  largo  enough  to  rest  on  the  shaft  ；  the 
hooks  should  be  bound  with  cord.  Close-fitting  clothes 
should  be  worn  by  every  person  employed  on  or  about  trans- 
mission machinery,  and  even  so  there  is  always  risk  of  acci- 
dent to  the  worker,  when  standing  on  a  ladder  reared  against 
shafting,  if  a  torn  garment  comes  in  contact  with  a  revolv- 
ing shaft.      The  risk  may  be  reduced  by  removing  some  of 


Fig.  27.— Safety  Belt -shipper  (Cowley's  Patent). 

in  such  cases  leather  or  india-rubber  is  more  satisfactory, 
though  unsuitable  for  greasy  floors.  Iron  spikes,  except  as 
above  mentioned,  or  cast-iron  swivel  shoes,  can  be  used  on 
soft  floors  such  as  wood.  Where  a  ladder  is  required  to  be 
reared  at  different  inclinations  swivel  feet  are  the  most  satis- 
factory. 


N  E.  Coast  Institution  of  Engineers'  Endowment  Fund.— The 

Nortli-east  Coast  Institution  of  Engineers  and  Shipbuilders, 
which  was  founded  30  years  ago  for  the  study  and  advai!'-  ' 
ment  of  the  science  of  engineering  and  shipbuilding  and  has 
now  a  membership  of  1,200,  is  making  an  appeal  for  the  forma- 
tion of  an  endowment  fund  of  £25,000.  A  nucleus  of  such  a 
fund  has  already  been  subscribed  to  by  the  president  (Sir 
Charles  Parsons),  members  of  the  Council,  and  others,  the  sum 
of  £3,879  having  been  promised.  "While  the  institution  has, 
by  its  meetings  and  the  publication  of  its  proceedings,  been  of 
great  service  in  disseminating  knowledge  among  those  engaged 
in  engineering  and  shipbuilding,  and  by  means  of  its  Graduate 
Section  and  its  scholarships  done  much  educational  work  of 
value  among  the  junior  members  of  these  professions,  it  has 
not  been  possible  to  accomplish  all  that  is  within  its  province, 
by  reason  of  its  limited  income.  In  proportion  to  its  member- 
ship, the  income  of  the  Institution,  as  compared  with  other 
similar  societies,  is  inadequate  for  the  fulfilment  of  its  objects. 
Hence  the  effort  to  establish  an  endowment  fund.  Those 
desirous  of  helping  the  fund  should  communicate  with  the 
Secretary,  Bolbeo  ITall,  West  gate  Road,  Newcastle-on-Tvne. 
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THE  CLINKERING  OF  COAL  AND  ITS  COMPOSITION.* 

BY  OSCAR  ^y.  PALMENBEKG. 

One  of  the  most  troublesome  features  in  the  combustion  of 
coal  is  that-  due  to  the  production  of  clinker.  This  influences 
the  rate  of  combustion  and  the  cost  of  maintenance,  especially 
where  automatic  stokers  are  in  use.  A  coal  may  clinker  so 
readily  under  certain  oanditioais  that  ifc  becomes  unfit  for  use 
irrespective  of  its  fuel  value.  It  is  therefore  of  the  greatest 
importance  to  know  whebliea'  a<  coal  will  clinker  under  the 
conditions  for  which  it  is  required.  Wlien  coal  is  burned 
under  a  boiler  for  the  production  of  steam  it  is  especially 
important  to  know  whether  the  ash  will  ol inker  and  at  what 
temperature.  The  production  of  clinker,  as  is  well  known,  is 
due  to  the  fact  that  the  ash  of  the  coal,  which  is  the  liberated 
mineral  matter,  is  exposed  to  a  temperature  sufficient  to'  fuse 
it,  causing  it  to  form  a  viscous  mass  which  will  flow  and  form 
cakes  and  thereby  clog  up  tli&  spaces  between  tho  burning 
particles  of  coal  or  coke .  The  mass  of  fused  material  offers 
resistance  to  th©  flow  of  air  and  robs  the  coal  of  the  necessary 
oxygen  to  support  combustion.  If  the  draught  cannot  be 
increased  to  overcomet  this  resistance  the  rate  of  combustion  is 
diminished,  other  things  being  equal,  in  proportion  to  the 
amount  of  clinker  formed.  To  determine  whetli^r  a  coal  will 
clinker,  that  is,  whether  it  has  an  ash  which  will  fuse  at  a  low 
temperature,  lias  been  undertaken  in  several  ways,  and  many 
have  been  of  the  opinion  that  an  analysis  of  the  ash  or  the 
iron  in  the  ash,  on"  th©  sulphur  in  the  coal  will  furnish  the 
explanation. 

Table  I. —— A  naJj/ses  shoffinr/  the  Com  position  of  the  A  sh  of 
Bit U77ii nous  and  S emi -Bit \tmi nous  Coals,  arranged  in  the 
order  of  the  Fusing  Temperature  of  the  A  sh . 


No. 

Fusing 
tem- 
pera- 
ture 

Si02 

Fe2Oi 

M203 

CaO 

MgO 

K20， 

so3, 

Na,0, 

co2 

Sul- 
phur 
in  the 
coal 

Ash 
in  the 
coal 

1 

2,700 

51-93 

4-81 

36-82 

3-84 

100 

1-60 

•51 

5-15 

2 

2,615 

44-74 

14-14 

36-91 

2-18 

•41 

4-85 

1-46 

7-88 

3 

2,400 

40-61 

22-26 

32-94 

1-77 

■51 

1-91 

2-06 

9-70 

4 

2,600 

48-83 

6-28 

42-62 

1-64 

•30 

3-90 

101 

9-15 

5 

2,600 

54-18 

7-29 

34-53 

301 

•47 

•52 

•90 

6-41 

6 

2.372 

30-07 

39-88 

25-31 

2-C3 

•39 

1-71 

2-41 

8-96 

7 

2.309 

47-94 

17-95 

28-47 

4-17 

■51 

•96 

2-11 

1104 

8 

2,300 

46-40 

13-84 

35-30 

3-58 

•31 

•57 

1-80 

13-51 

9 

2,300 

30-90 

35-13 

：!1-  14 

2-00 

•52 

•31 

213 

G-25 

10 

2,246 

35-48 

30- 07 

30-73 

2.10 

.44 

•28 

2-17 

7-90 

11 

2,180 

29-37 

38-75 

29-52 

1-57 

•37 

•44 

3-97 

10-60 

No.  Per  cent.  Deg.  Fah. 

2  ..  14*14  iron  oxide  ..  2,615  fusing  temperature. 
8  . .        ..     13-84       ，，  ..  2,300    ，，  ，， 

6  . .  ..39'88  "  ..  ..  2,372  ，，  ，， 
11  ..        -.    38-75       ，，  ，.        ..    2,180    ，，  ，， 

No.  Deg.  Fah.  Per  cent. 

7  2,309  fusing  temperature   ..    17*95  iron  oxide. 

8  ..    2,300    ，，  ，，  ..    13-84  ，， 

9  . .  ..    2,300    ，，            ，，  ..    3513  ，， 

3  . .  ..  2,400  ，，  ，，  ..  22-26  ，， 
6  ..    2,372    ，，            ，，  ..    39*88  ，， 


To  show  that  there  is  no*  relation  between  th-e  clinkering 
quality  of  a  coal  and  the  sulphur  or  iron  content,  the  writer 
has  made  this  investigation,  and  tlio  following  analyses  of  the 
ash,  together  with  the  fusing  temperature  determinations  on 
a  wide  range  of  coals,  will  readily  show  that  no  conclusion  can 
be  obtained  from  a  chemical  analysis.  The  ash  of  coal  is  com- 
posed mainly  of  silica  (Si02),  iron  oxide  (Fe203),  aluminium 
oxide  (A1203),  calcium  oxide  (CaO),  magnesium  oxide  (MgO), 
sodium  oxide  (Na20),  potassium  oxide  (K20),  carbonates 
(C02)，  sulphates  (S03)  and  small  amounts  of  phospliates. 
Since  all  coals,  but  particularly  soft  coals,  consist  of  a  mixture 
of  pur©  coal  substance  and  pyrites,  bone,  slate,  fireclay,  &c.， 
these  elements  will  be  present  in  a  variable  proportion, 
depending  upon  the  nature  of  the  coal  vein  and  the  method 
and  oare  by  which  the  coal  is  extracted  from  the  ground.  In 
making  an  analysis,  tlierefore,  of  a  coal  sample  representing 
a  mixture  of  all  these  materials  a  definite  percentage  of  the 
component  parts  of  the  ash  may  be  obtained,  but  this  analysis 
does  not  tell  us  how  much  pyrites,  bone,  slate,  fireclay,  &c.，  is 

•  Paper  read  before  the  American  Society  of  Chemical  Industry. 


]>i"<^ent.  It  is  therefore  app;ueid ly  inipossihle  to  judge  froin 
this  analysis  wliether  the  ash  will  have  ； i  high  or  low  fusing 
temperaUire.  It  is  tru^  that  the-  pyrites  will  fuse  at  a  lower 
temperature  than  the  slate,  but  sine©  both  may  contain  iron, 
the  analysis  does  not  indicate  a  method  of  arriving  at  a  con- 
clusion to  show  the  fu&ibility  of  the  ash  due  to  the  iron  con- 
tent. The  problem  offered  is  very  similar  to  that  of  trying  to 
determine  a  formula  by  which  the-  heat  value  in  a  coal  may  be 
efitimafced.  This  has  been  tried  by  using  the  percentage  of  ash 
and  volatile  matter  or  ash  and  fixed  carbon,  but  since  these 
constituents  ar©  &o'  variable  in  their  composition,  depending 
upon  their  sources,  it  is  impossible  to  arrive  at  a  reliable 
formula.  For  that  reason  a  calorimetric  determination  must 
be  made.  The'  analyses  and  fusing  temperature  determina- 
tions in  Tables  I.  and  II.  were  mad©  on  bituminous  and  semi- 
bituminous  coals. 


Table  II. —— Fusinr/  Tetti perature  of  the  A  sh  in  Coal  /trrrmf/erl 
avrordhnj  io  the  Iron  ( 'oit  fent  aj  the  A  sli . 


No. 

Iron 

oxide 

Sul- 
phur 
in 

coal 

Ash 
in 

coal 

Fusing 
tem- 
pera- 
ture 

No. 

Iron 
oxide 

Sul- 
phur 
in 

coal 

Ash 
in 

coal 

Fusing 
tem- 
pera- 
ture 

1 

4- 

81 

51 

515 

2,700 

20 

22 

57 

2 

00 

9 

03 

2.33f. 

2 

(i 

28 

1 

01 

9- 15 

2,600 

21 

23 

17 

1 

16 

9 

52 

2,535 

3 

29 

90 

6-41 

2,600 

22 

23 

30 

2 

40 

8 

10 

2,156 

4 

7 

88 

74 

5-57 

2,600 

23 

24 

40 

2 

23 

10 

90 

2,190 

5 

94 

1 

52 

15-61 

2,750 

24 

26 

50 

2 

13 

6 

86 

2,192 

ti 

11 

28 

1 

04 

8-53 

2,745 

25 

27 

22 

3 

13 

13 

54 

2,138 

7 

13 

84 

80 

13-51 

2,300 

26 

28 

39 

1 

96 

6 

65 

2,084 

8 

14 

14 

1 

46 

7-88 

2,615 

27 

28 

81 

2 

32 

7 

55 

2,318 

9 

15 

15 

1 

07 

6-38 

2,560 

28 

30 

67 

2 

17 

7 

90 

2,246 

10 

15 

21 

1 

42 

7-98 

2,400 

29 

33 

27 

2 

86 

9 

33 

2,520 

11 

15 

38 

57 

2,156 

30 

35 

13 

2 

13 

6 

25 

2,300 

12 

10 

00 

1 

63 

9-90 

2,309 

31 

36 

12 

3 

04 

8 

40 

2,264 

13 

17 

43 

7-98 

2,516 

32 

36 

17 

2 

60 

7 

50 

2,500 

14 

17 

95 

2 

11 

1104 

2,309 

33 

38 

75 

3 

97 

10 

60 

2,180 

15 

19 

19 

1 

79 

7-90 

2,138 

34 

39 

51 

2 

97 

8 

22 

2,210 

16 

19 

54 

2 

41 

11-33 

2,380 

35 

39 

88 

2 

41 

8 

96 

2,372 

17 

22 

26 

2 

06 

9-70 

2,400 

36 

40 

93 

2 

68 

9 

08 

2,415 

18 

22 

26 

1 

90 

7-23 

2,372 

37 

44 

00 

4 

12 

2,246 

19 

22 

38 

2 

56 

2,210 

38 

44 

39 

3 

51 

9 

34 

2,318 

No. 

Per  cent. 

Deg.  Fah. 

9    . . 

. .     15-15  iron  oxide     . . 

. . 2,560  fusing  tempera t 

10    . . 

.. 15-21       „  .. 

. . 2,400    ,，  ，， 

11  .. 

.. 15-38      ，，  •• 

••    2,156    „  ,， 

21    . . 

.. 23-17       ,,  .. 

. . 2,535    ，，  ，， 

22    . . 

.. 23-30      ,,  .. 

. , 2,156    „  ，， 

31  .. 

.. 36-12       ,，  .. 

. . 2,264    ，，  ，， 

32    . . 

.. 36-17      ,,  •• 

.. 2,500    „  ，， 

No. 

Deg.  Fah. 

Per  cent. 

11    . . 

. . 2,196  fusing  temperature 

, .    15-38  iron  oxide. 

33  .. 

•  ■    2,180    ,，  ，， 

. . 38- 75  ，， 

16  .. 

.. 2,380    „  ,, 

. . 19  -54  ,， 

35  .. 

.. 2,372    ，，  ，， 

. •    39-88  ，， 

13  .. 

.. 2,516    ,，  ,, 

.. 17-43  „ 

32  .. 

-. 2,500    .,  „ 

1 ~ 1 

15    • . 

.. 2,156    ，，  „ 

. 19-19  „ 

25    . . 

2,138    „  ，， 

•  •    27-22  ，， 

It  may  be  noted  from  these  tables  that  some  coals  have  ash 
of  like  iron  contenfc  and  variable  fusion  temperature;  then 
again,  others  have  ash  of  like' fusion  temperature  and  variable 
iron  content.  It  would  appear  from  these  analyses  that  there 
is  no  relation  betweien  the  percentage  of  the  various  con- 
stituents of  the  ash  and  the  fusing  temperature.  Therefore  a 
chemical  analysis  is  of  no  value  to  arrive  at  a  conclusion 
regarding  the'  clinkering  quality  of  a  coal.  It  may  be  noted 
that  although  coals  having  an  ash  with  a  very  low  iron  content 
seem  to  give  tlie  highest  fusing  ash,  no  definite  fusing  tempe- 
rature fits  a  definite  percentage,  and  when  the  iron  content 
goes  beyond  10  per  cent,  the  fusion  temperature  cannot  be 
judged  at  all.  That  the  sulphur  content  of  the  coal  has  no 
bearing  whatsoever  upon  the  fusibility  of  the  ash  is  also 
apparent.  Since-  the  sulphur  occurs  in  coal  combined  either 
with  iron,  lime,  or  the  hydrocarbons,  there'  naturally  exist 
innumerable  combinations,  and  for  this  reason  the  sulpliur 
content  cannot  be  used  as'  an  index  to  clinkering.  Only  in 
those'  cases  in  which  the  sulphur  is  in  combination  with  the 
iron'in  the  form  of  pyrites  would  it  be  possible  to'  judge  the 
clinkering  property,  if  the  iron  content  in  the  ash  had  any 
bearing  upon  the  fusion  temperature. 
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The  i'usion  tt'iii]Hii'al  ui'c  (Ictcrm mat  icn  o(  tlie  ash  in  coal 
will  in  tlio  fill ure  displace  ilic  sulphur  rlclcrniiiwiiioi)  in  sm'li 
coals  used  lor  st'eaMiiiig  purposes,  and  will  readily  show  ill" 
i'allary  of  buying  ； i nd  selling  coal  mi  a ti  aiuilvsis  l>;isis  、vh,'n' 
specifications  are  uslh!  containing  sulphur  tables  p('ii;ilisiiig 
beyond  a  certain  ^uiirantt^il  amount  of  sulphur.  It  has  been 
quite  a  common  practice  to  place  I  .r)()  j w v  cent .  sul]>liur  as  ； i 
limit'  and  p("iaiising  as  inucli  ；) s  I'd.  per  "川 for  every  O'-f)  jut 
cent,  above  1'50  per  cent.  The  injustice  of  iliis  practice  is 
very  evident,  as  it  of  ten  hapjxjiis  that  coals  with  a  liigli 
sul]>lmr  cont out  avo  vxi  iTinel v  hi^li  in  heat  value  and  do  not 
clinker  readily  at  all.  Sine©  the  sulpliut'  has  no  ； ipprecial^lr 
effect  upon  the  metallic  parts  of  the  furnace  it  need  therefore 
not  be  considered  in  the  selection  of  a  coal  for  steaming 
purposes.  To  arrive  at  tlie  value  of  a  coal  for  steaming 
purposes  it  is  therefore  just  as  esscnl  ial  to  mak(>  ihv  fusion  test 
of  Hi©  ash  as  it'  is  to  make  tlie  caloriinet ric  deterniiiial ion.  If 
these  (letermiuations  are  made,  an  t'X})lanation  is  readily  had 
why  two  coals  of  apparently  like  proximate  analyses  will 
give  entirely  different  evaptn-ation  when  fired  uihUt  like 
conditions. 


RAIL  STEELS  AND  RAIL  CORRUGATION. 

At  a  meeting  of  the  Institution  ()f  Civil  Engineers  held  in 
London  on  Tuesday  last  two  papers  were  presented  ： 
(1)  ''  Rail  Steels  for  Electric  Railways,"  by  William  Willox, 
M.A.，  M.Inst.C.E.  ；  and  (2)  "  Rail  Corrugation  and  Its 
Causes,"  by  Stephen  Prescott  White  D'Alte  Sell  on, 
M.Inst.C.E.  The'  author  of  the  first  paper  said  that  th© 
reduction  of  the  life  of  rails  in  tunnels  from  an  average  of 
five  years  to'  an  average  of  less  than  three  years,  and  in  certain 
places  to  less  than  one'  year3  on  the  electrified  portion  of  the 
Metropolitan  Railway,  induced  him  to  make  tests  of  various 
kinds  of  ste'e'l  rails  in  the  curve  between  Fari'ingdon  Street 
and  Aldersgate.  Tlie1  paper  described  the  results  of  these 
tests,  and  also  the  results  of  tests  for  wear  of  various  steels, 
including  manganese'  steel,  in  points  and  crossings.  The  traffic 
over  tlie  curve  mentioned  was,  he  remarked,  exceedingly 
heavy,  and  in  the  morning  and  evening  there  were  42  booked 
trains  per  hour  o'n  one  line.  Cliemical  analyses,  t&nsile  tests, 
tup  tests,  and  impression  tests  had  been  made  of  all  the  rails 
used,  and  sections  of  the  rails  had  been  etched .  Taking  into 
coiisideration  the&e  tests,  the  fact  that  railways  must  keep  tlie 
cost  of  their  permanent  way  within  reasonable  limitsi,  and  that 
the  cost  of  re-railing  was  very  high,  wliere  only  1^  to  3  hours 
were  available  for  this  work,  namely,  between  inidnight  and 
early  morning,  the  author  had  com©  to  the  conclusion  that 
open-hearth  basic  Bessemer  rails,  manufactured  by  the  late 
Mr.  C.  P.  Sandberg's  process,  and  under  careful  supervision, 
had  proved  the  most  economical.  The  number  of  broken  rails 
for  the  last  six  years  had  been  very  small  ；  the  wear  after  live 
years  of  one  of  these  broken  rails  in  the  tunnel  being  only 
★lb.  per  yard.  Tlie  result  of  the  us©  of  manganese-steel  rails 
in  the  curve  referred  to  was  also  given,  and  should  prove 
interesting,  as  rolled  "iaiigaiie?e'-steel  rails',  so  far  as  the  autliu r 
was  aware,  had  been  little  used  in  England,  even  in  crossings. 

In  the  second  paper  the  author  stat-ed,that  the  corrugation 
of  rails  had  become  general  and  serious  upon  railways  and 
tramways  since  the  introduction  of  electric  traction,  and 
seriously  exercised  the  owners  of  such  undertakings.  Investi- 
gations organised  by  many  associations  in  various  parts  of  the^ 
world  had  not  discovered  a  solution  of  the  trouble,  or  pro- 
pounded any  theory  of  tlie  causes  which  had  found  general 
acceptance  ；  nor  had  they  put  forward  any  remedy.  Large 
expenditure  was  being  incurred  by  many  tramway  under- 
takings in  grinding  out  corrugations,  thereby  shortening  the 
life  of  the  rails  abnormally.  It  was  estimated  by  the  general 
manager  of  the  City  of  Glasgow  Tramways  that  his  under- 
taking spent  not  less  than  £10,000  per  annum  in  this  grinding 
operation. 

The  author  was  of  opinion  that  the  rail  steel  now  used  for 
rails  was  not  hard  enough  or  tough  enough  for  its  work. 
Possibly  modern  methods  of  steel  and  rail  making  were  at 
fault  in  this  direction.  The  use  of  wheels  of  sm all  diameter 
was  evidently  severe  on  the  rails,  but  the  conditions  of 
tramway  working  made  alteration  impracticable.  It  tlie  re  fore 
became  necessary  to  find  a  material  which  would  not  yield  to 
the  wheel  actions,  which  were  the  immediate  cause  of  corru*;a- 
I ion,    The  avithor  believed  that  liarfl  rails ― i.e.,  with  a  high 


]H()|t;)il](j|i  ot  carl)oi)  \v(M'c  essiMilial,  and  ya\<'  soiim'  wi'lcncc 
ln)m  liis  own  and  o there'  experience  thai?  such  lii'gl 卜 r;irl,o" 
rails  r«'sish'd  i  lie  covi  u^ni  inj^  act  ions  of  tlie  wheels,  as  well  an 
ordiiuiry  wear.  Tli"  Brit  is!i  Standanl  sjMM-ifiral  ions  w<  n- 
est  ahlishcd  l)H"n'  <'oi  rw^at  ion  was  realiwd  as  a  .serious  pos-i 
l>iliiv,  f  lid  I  In-  r;m^c  of  carbon  content  |w'ni"Ue'l，  l,''、"i' -、 
he\i)g  rather  wide,  only  approached  the  liard  side  for  B''w"i'  r 
steel,  whilst  it  was  on  t  \io  soft  si 山' for  opfMi         \  li  st^l. 

Tlie  general  character  of  combat i(》n  was  described,  stress 
being  laid  upon  the  facts  that  the  "  crests "  had  the 
appearance  of  planished  or  cold-rolled  steel,  and  were  n'lativelv 
hard  and  refractory  to  acid  ；  and  tliat  tlie  "hollows"  were 
dull,  showed  sonie  lateral  detrusion  and  pitting,  and  were  onlv 
sliglitly  harder  than  tlie  body  of  the  steel.  The  author  arrived 
at  the  conclusion  iliat  the  "  crests u  were  oold  rolled,  and  t lif 
" hollows  M  were  surface  wliich  had  }>een  (rruslied,  clue  to  li"' 
vertical  loads  imp" 卜 l>y  tlu-  wheels  oscillating  about  t  lu- 
elastic  compressive  limit  of  tlie  steel.  How  the  oscillatc.rv 
character  of  the  load  was  brought  about  was  not  coimdered, 
but  it  was  pointed  out  that  at  ordinary  speeds  the  usual  pitch 
of  the  corrugations  on  tramway  rails  corresponded  with  a 
frequency  of  the  order  of  100  per  second.  Tlie  flifTereiu-o 
between  this  periodicity  and  that  causing  tlie  corrugation  of 
macadam  roads  by  motor-vehicles  was  referred  to.  The  possi- 
bility of  tlie  rails  receiving  initial  corrugations  in  the  processes 
of  rolling  and  cooling  was  briefly  discussed,  but  it  was  pointed 
out  that  such  initial  corrugation,  it  it  ever  existed,  was 
uncommon.  I  )ifTerences  of  surface  liardness  or  iiit  Himl 
stresses  received  during  manufacture  were  suggested  as 
possibilities. 

Leaving  these  suggestions,  the  fact  remained  that  corruga- 
tion was  due  to  the  failure  of  the  rail  table  under  the  stresses 
imposed  upon  it.  The  surface  was  alternately  cold  rolled  and 
disintegrated.  Tlie  measurements  of  static  pressure  made  bv 
Mr.  Worby  Beaumont,  and  set  out  in  the  paper  he  presented 
to  the  British  Association  in  1911，  proved  that  pressures  of 
^ucli  magnitude  as  to  produce  destructive  effects  o<  curred,  but 
that  it  was  probable  that  the  compressive  elastic  limit  of  rail 
steel  was  not  generally  exceeded.  Tlie  evidence,  therefore, 
seemed  to  . show  that  a  comparatively  small  increase  in  t  lie 
compressive  strength  of  the  steel  would  prevent  the  particular 
kind  of  wear  under  consideration. 

The  author  suggested  that  the  essential  points  to  be 
specified  were  mechanical  properties  corresj>onding  with  the 
working  stresses  imposed  upon  the  rails,  and  first  compressive 
strength.  Tlie  British  Standard  specification  prescribed  an 
ultimate  tensile  strength  of  40  tons  per  square  inch,  the  com- 
pressive strength  was  probably  about  the  same  as  the  tensile  ； 
tlie  actual  wear  of  tramway  rails  suggested  that  it  was  some- 
wliat  in  excess  of  40  tons  per  square  inch.  Probably  steel 
with  an  ultimate  tensile  strength  of  50  to  60  tons  per  square 
inch  would  be  hard  enough  to  resist  the  destructive  stresses, 
but  it  was  essential  that  it  should  not  have  a  high  degree  of 
ductilitv.  The  minimum  pressure  needed  to  produce  surface 
crushing  and  flowing  should  be  determined.  It  was  suggested 
that  a  Brinell  test  might  give  all  the  information  needed . 
The  test  might  have  to  be  modified,  but  rails  laid  on  a  con- 
tinuous concrete  substructure  had  a  large  margin  of  safetv 
against  breakage  from  vertical  shocks,  and  a  less  severe  tup 
test  should  suffice.  The  'whole  specification  of  tlie  rail  in 
respect  to  its  mechanical  qualities  should  bear  a  direct  relation 
to  the  stresses  whioli  it  would  be  called  u】x>n  to  resist. 


Junior  Institution  of  Engineers:  Sheffield  Branch. — At  a  moot - 
ing  of  the  Sheffield  and  district  members  of  this  Institution 
held  at  Sheffield  on  Saturday  last,  it  was  decided  to  constitute 
a  local  section  with  Sheffield  for  its  centre,  and  the  following 
committee  was  elected  pro  few  ：  Messrs.  J.  A.  Little,  Thomas 
Firth,  F.  W.  Mellowes,  J.  R.  Williams,  and  R.  J.  Stanley. 

West  of  Scotland  Iron  and  Steel  Institute. — At  a  meetiiii:  t.f 
this  Institute  held  in  Glasgow  on  Friday  last,  a  paper,  illus- 
trated by  lantern  slides,  was  read  by  Mr.  H.  V.  Kramer  on 
" The  Application  of  Electric  Magnets  in  Iron  and  Steel 
Works."  A  discussion  followed.  The  President  intimated 
that  at  the  March  meeting  a  paper  would  be  read  by  Messrs. 
Cecil  H.  Desch  and  Samuel  Wlivte  on  '*  Tlie  Tnfluem^e  of 
Manoraneso  on  the  Corrosion  of  Steel/' 
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DESIGN  AND  CONSTRUCTION  OF  HYDRAULIC  TURBINES.^ 

H,  BIRCHARD  TAYLOR,  M.AM.SOC.M.E. 

{Concluded  from  par/e  183.) 

Speed  Regulation.  ―  In  addition  to  considerations  of 
efficiency,  deterioration  and  mechanical  arrangements  of 
turbines,  the  question  of  speed  regulation  is  of  great 
importance  where  turbines  are  employed  for  driving  alter- 
nators. Speed  regulation  is  obtained  by  means  of  a  governor 
driven  from  the  turbine  shaft,  consisting  primarily  of  a 
governor  head  containing  flyballs  controlled  by  springs  and 
connected  through  a  pilot  valve  to  the  main  governor  valve. 
At  normal  speed  the  flyballs  hold  the  governor  valve  in  its 
mid-position,  but  for  any  change  in  speed  the  flyballs  move 
the  valve,  admitting  pressure  through  a  suitable  number  of 
relay  valves  to  an  operating  cylinder  so'  that  the  turbine  gates 
are  adjusted  to  suit  the  new  load  and  to  obtain  the  normal 
speed.  Some  of  the  chief  considerations  in  connection  with 
speed  regulation  are: — 

(1)  Sensitiveness  of  the  governor  head  involving  quick 
response  to  sudden  changes  of  spe^d  and  also  response  to  slight 
changes  of  speed. 

(2)  Steadiness  or  stability  of  action.  This  quality  is  an 
important  one  and  involves  freedom  from  unnecessary  gate 
movements  or  movements  occasioned  by  conditions  oilier 
than  changes  of  load  on  the  unit.  It  is  not  only 
necessary  for  a  governor  to  respond  to  changes  of 
load,  but  it  is  equally  important  that  it  shall  not 
act  when  there  is  no  change  of  load.  The  continual 
motion  and  vibration  of  the  turbine  gate  mechanism  produced 
by  unstable  governors  is  a  source  of  wear  and  rapid  deteriora- 
tion of  the  gate  mechanism  which  in  turn  accentuates  the  lack 
of  stability  and  is  very  objectionable.  In  older  types  of 
governors  this  tendency  was  usually  overcome  by  the  use  of  a 
dashpot  to  damp  such  motions,  but  the  use  of  a  dashpot  for 
this  purpose  renders  the  governor  sluggish  and  impairs  it's 
action. 

(3)  Power  of  governor.  For  large  units,  a  large  amount 
of  power  is  required  to  actuate  the  turbine  gates.  This  power 
may  be  obtained  from  a  delicat-e1  governor  head  by  the'  use  af 
a  series  of  relay  valves  controlled  primarily  by  a  small  pilot 
valve  attached  to  the  governor  head.  In  order  to  obtain 
sufficient  fluid  to  move  the  operating  piston,  the  main  valve 
on  the  operating  cylinder  must  be  large  and  heavy  ；  so'  that 
with  a  large  unit  either  a  considerable  number  of  intermediate 
valves  between  the  pilot  valve  and  the  main  valve  must  be 
used,  or  else  tlie  governor  head  itself  must  be  given  a  consider- 
able amount  of  power.  The  same  result  could  perhaps  be 
accomplished  by  the  use  of  high  pressures  in  the'  governor 
system,  but  the  use  of  such  pressures  has  proved  very  unsatis- 
factory in  practice  and  has  been  abandoned  in  favour  of 
moderate  pressures.  Sine©  time  is  required  for  sufficient  fluid 
to  flow  through  each  valve  to  move  the  next  valve  in  series, 
increase  of  power  by  such  means  is  limited  by  the  speed  of 
action  required.  The  best  solution  seems  to  be  in  the  use  of 
flyballs  having  a  weight  and  power  corresponding  in  order  of 
magnitude  to  the  turbine  which  they  must  control .  Such 
increase  in  power  in  the  flyballs  involves  no  sacrifice  in 
sensitiveness,  since  the  governor  head  is  mechanically  con- 
nected to  the  turbine  shaft  and  is  forced  to  respond 
immediately  to  any  change  in  speed  of  the  unit.  The 
sensitiveness  will,  in  fact,  he>  increased  by  the  use  of  heavy 
flyballs,  since  the  retarding  effect  of  friction  can  be  made 
relatively  less. 

(4)  Reliability  in  operation.  It  is  recognised  by  engineers 
of  experience  that  delicate  and  complicated  mechanisms  should 
be  avoided,  and  all  machinery  made  to  stand  severe'  service 
and  to  be  as  nearly  fool-proof  as  possible.  For  this  reason 
governors  in  important  stations  should  be  of  as  simple  and 
rugged  a  design  as  possible.  Tlie  effect  on  a  large  and  heavy 
governor  of  accidental  conditions,  such  as  the  presence  of  grit 
in  the  governor  fluid  or  sticking  of  the  governor  parts,  will  be 
slight  as  compared  with  the'  effects  on  a  delicate  piece  of 
apparatus. 

(5)  The  pressure  system  used  was  formerly  divided  into 
a  separate  pumping  equipment  for  each  unit  in  a  station. 

*  Abstract  of  paper  read  before  the  Canadian  Society  of  Civil  Engineers, 
January  15th,  1914. 


This  has  been  abandoned  in  favour  of  a  single  pumping  system 
supplying  the  entire  station.  This  change  lias  greatly  reduced 
the  cost  of  attendance  and  has  improved  the  continuity  of 
service.  The  open  system  of  governing  is  now  being  used  in 
which  oil  or  water  for  the  governors  is  pumped  from  an  open 
tank  and  no  pressures  less  than  atmospheric  are  used  at  any 
point  in  the  system .  This  change  avoids  troubles  caused  by 
air  collecting  in  the  pipes  or  pumps  or  the  breakdown  of  oil 
under  high  vacuum. 

(6)  Hand  control.  Another  recent  improvement  is  in  the 
nature  of  tlie  hand  control  used  for  the  operation  of  the 
turbine  gates.  Originally  the  hand  control  of  a  turbine  was 
accomplished  by  mechanical  means  through  trains  of  gears. 
The  mechanical  efficiency  of  such  a  mechanism  is  so  low  that 
tlie  time  required  to  dose  the  gates  of  a  large  turbine  by  such 
means  is  prohibitive.  The  mechanical  hand  gear  was  gradually 
replaced  by  a  hand  wheel  incorporated  in  the  design  of  the 
governor,  controlling  the  turbine  gates  by  oil  pressure  through 
the  main  valve  of  the  governor.  This  arrangement,  however, 
although  it  has  been  recently  used  by  a  number  of  the  standard 
governor  builders,  is  subject  to  the  objection  that  should  the 
governor  valves  be  dismantled  for  repairs  the  turbine  must 
be  shut  down,  and  it  is  poor  engineering  to  dispense  with  tlie 
services  of  the  turbine  for  the  sake'  of  a  governor  valve.  The 
best  method  of  hand  control  now  adopted  for  large  units  seems 
to  be  in  a  separate  device,  entirely  independent  of  the  governor 
and  placed  at  a  convenient  point,  and  so  designed  as  to  admit 
oil  from  the'  central  pumping  system  directly  to  the  turbine 
operating  engine.  A  restoring  mechanism  connection  from 
the  turbine  gates  maintains  these  gates  in  a  position  corre- 
sponding to  the  position  of  the  hand  wheel.  By  this  means  it 
is  possible  to'  move  by  hand  the  gates  of  tlie  turbine  through 
their  entire  range  in  approximately  ten  seconds  of  time. 
Except  for  units  of  very  large  size,  a  small  hand-operated 
plunger  pump  may  be  supplied  in  connection  with  the  operat- 
ing stand,  by  means  of  which  it  is  possible  to  create  pressure 
for  the  movement  of  the1  gates  in  the  event  that  the  central 
pumping  system  is  temporarily  out  of  service. 

(7)  The  mechanism  of  the  modern  governor  it&elf  has  been 
reduced  to  a  few  comparatively  simple  operations.  Certain 
compensating  devices  are  required  to  restore  the  governor 
valves  after  the  required  gate  movement  lias  been  produced 
and  also  to  restore  tlie  speed  of  the  turbine  to  the  required 
value  after  the  water  column  in  the  penstock,  turbine  casing, 
and  draught  tube  has  had  time  to'  be  accelerated  or  retarded 
to  its  new  value.  The  governor  should  also  liave  adjustments, 
so  that  the  change  in  speed  from  full  load  to  no-load  conditions 
may  be  fixed  to  suit  the  parallel  operation  of  alternators,  also 
to  adjust  the  time  of  action  of  the  governor  to  suit  the  length 
of  and  velocities  in  the  water  passages,  and  an  attachment  for 
changing  the  normal  spe^d  of  the  turbine.  Modem  governors 
are  also  fitted  with  motors  by  means  of  which  the  speed  of  the 
turbine  can  be  adjusted  from  a  distant  point,  such  as  the 
switchboard,  this  device  being  u&ed  in  synchronising  the  unit. 

The  above  points  cover  all  the  features  which  can  be  con- 
trolled in  the  design  of  the  governor  itself.  The  speed  regula- 
tion of  a  unit,  however,  depends  on  several  other  factors  which 
are  invariably  of  greater  importance  than  the  action  of  tlie 
governor  itself  ；  these  are  the  length  of  and  velocities  in  the 
penstock  and  draught  tube,  as  well  as  the  length  of  the  water 
column  in  the  turbine  casing  it&elf  ；  also  the  "  flywheel  effect  " 
of  the  rotating  masses  of  the  generator  and  turbine. 

A  perfect  governor  will  be  unable  to  produce  a  speed 
regulation  better  than  that  permitted  by  the  factors  just 
mentioned.  The&e  factors  are  controlled  by  the  design  of  the 
power  development  as  a  whole,  so  that  the  actual  speed  regula- 
tion obtained  is  only  affected  to'  a  limited  extent  by  the  con- 
struction of  the  governor  itself.  Properly,  all  of  these  factors 
should  be  considered  together. 

In  a  majority  of  the  large  installations  recently  under- 
taken, turbine  governors  have'  been  designed  and  constructed 
by  the  builders  of  the  turbines,  thus  producing  a  governor 
suited  to  the  exact  conditions  of  each  turbine  and  avoiding  the 
division  of  responsibility  which  has  so  often  proved  to  be  a 
source  of  annoyance.  The  better  appreciation  of  the  factors 
entering  into  governor  problems  has  resulted  in  greatly 
improved  speed  regulation  which,  when  taken  in  connection 
with  valuable  improvements  in  the  mechanical  design  of  the 
governor,  has  removed  this  important  auxiliary  from  the  class 
of  necessary  evils  and  placed  it  in  that  of  reliable  machinery. 
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OIL  FUELS  AND  THEIR  APPLICATION  TO  THE  GENERATION 
OF  POWER.* 

BY  PROF.  THOMAS  GHAY,  I). SC.,  AND  VHOF.  A.  I/.  MELI.ANUV,  I).S(、. 
(( fon  tin  uvd  from  /"/,'〃'  1〕  -，•  、 
Creosote  Oil  and  Tar  Oils. ― The  creosote  oil  produced  in 
Great  Britain  is  practically  entirely  used  for  preserving 
timber  ；  a  relatively  insignificant  amount  of  the'  oil  is  burned 
in  metallurgical  furnace®  and  used  for  lighting.  In  Grermany, 
on  the  other  liand,  these  oils  have  been  extensively  used  for 
the  generation  of  power  ；  and  as  fuels  for  Diesel  engines  ihey 
are  much  superior  to-  the  crude  tars,  on  aocoomt  of  the  greater 
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Fig.  1. 

uniformity  of  their  composition  and  relative  freedom  from  ash 
and  water.  The.  mast  complete  information  regarding  the 
properties  of  these  oils  i&  due  to  Constam  and  Schlapfer 
(Joe.  cit .  ，  p.  1,621),  who  give  the  constants  of  29  samples, 
ranging  in  specific  gravity  from  0*971 ,  in  the  cas©  of  "first 
runnings,"  to  l'HO  in  the  case'  of  an  anthracene  oil  ；  the  mean 
specific  gravity  of  all  the  samples  was  1*055.  The  oils  con- 
tained less  than  0*05  per  cent,  of  ash  in  all  but  two  cases,  and 
more  than  half  the  number  were  entirely  free-  from  ash,  or 
contained,  merely  tracea  ；  thei  propo'rtion  of  water  present 
exceeded  0'5  p'e'r  cent,  only  in  6  of  the  29  samples. 

The  limits  of  variation  of  the'  composition  of  the  dry, 
ash-free  oils  were :  Carbon  from  87"0  to  91*4,  hydrogen  from 
6*0  to  7'9，  and  sulphur  from  0*3  to  1*0  per  cent.,  and  the 
average  values  were :  Carbon  88.9，  hydrogen  6'9，  and  sulphur 
0'6  per  cent.  The  lugher  calo'rific  value  of  the  dry,  ash-free 
oils  ranged  from  16,625  to  17,111，  average,  16,837,  and  the 
lower  calo'rific  value  of  the  original  oils  from  15,921  to  16,425, 
with  a  mean  value  of  16,094  B.Th.U's.  per  pound.  Lunge 
and  Kohler  give  a  few  of  the  constants  of  10  samples  of  tar 
oil  ；  the  average  gross  and  net  calorific  values  of  the  com- 
mercial oils  were,  respectively,  16,740  and  16,072  B.Th.U's. 
per  pound.  Blastfurnace  creosote  oil  is  slightly  lighter  than 
water,  and  is  entirely  liquid  at  ordinary  temperatures.  It 
contains  a  larger  proportion  of  hydrogen,  and  lias  a  higher 
calorific  value  than  the  creosote  oil  derived  from  the  high 
t-emperature  coal  tar. 

Tlie  difficulties  encountered  in  the  earlier  trials  with  tar 
oils  in  the  Diesel  engine,  caused  by  the  high  temperature 
necessary  for  the  ignition  of  these  oils,  have  been  overcome  in 
two  ways 十 ：  (1〉  The  compression  is  increased  to  raise  the 
temperature  of  the  air  to  the  level  at  which  the  oil  ignites 
with  certainty.  (2)  An  auxiliary  oil,  which  ignites  easily,  is 
employed  to  ignite  the  tar  oil. 

The  first  method  may  b&  employed  in  the  case  of  any 
engine  of  normal  design  if  the  machine  is  warm  and  running 
on  a  high  load,  but  when  starting,  or  running  an  light  load,  a 
petroleum  oil  is  required  ；  arrangements  for  the  supply  of 
both  classes  of  oil  must,  therefore,  be  provided.  Nagel  states, 
however,  that  the  Maschinen-Fabrik,  Augsburg,  has  recently 

•Abstract  of  paper  read  before  the  Institution  of  Engineers  and  Shipbuilders  iu 
Scotland,  Januarj-  20th,  1914. 
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Ingen.,  1911, 1340. 


sucem'iled  in  wurhig  ilic  ignition  of  tar  oils  under  nor/ii.il 
corn pn'ssion  l>y  nicans  o\'  n  slight  alteration  of  tlu*  val v<-  "''';"•， 
whicli  rwluces  to  a  niiniinuin  the  attiount  of  cold  air  e'it*'ri'i'—' 
with  t lie  oil  ；  tlie  <r(*oling  aih^rl  of  an  excessive  quantity  of  air 
from  the  blast  is  tlius  prevented,  and  t\ie  engine  in  ay  he  ruu 
on  tar  oils  alone,  start  in^  cold,  uikIcm*  all  conditions  ol"  load. 

The  second  method  is  tlie  oiu»  most  ^'iier.-illv  or/iplovf-W 
With  the  liolp  of  a  second  pump  the  auxiliary  fuel  —usually 
gas  oil  or  petroleum ― is  forced  into  a  circular  channel  whicli 
surrounds  tlie  conical  seat  of  the  main  fuel  valve.  When  the 
valve  opens,  the  small  quantity  of  gas  oil,  amounting  only  to 
a  few  parts  per  hundred  of  the  tar  oil,  enters  the  cylinder  in 
advance  of  the  main  oil  supply,  and  immediately  takes  fire, 
thus  ensuring  the  ignition  and  quiet  combustion  of  the  tar  oil 
which  follows. 

Reports  of  trials  made  upon  Diesel  engines  using  tar  oil 
are  given  by  N age  1,1  and  are  represented  graphically  in 
Figs.  1  and  2.  Fig.  1,  which  refers  to  a  trial  of  a  70  h.p. 
engine,  constructed  by  the  M.A.N.  Coin  pa  ny  at  Augsburg, 
illustrates  how  the  consumption  varies  with  the  load  in  an 
engine  working  upon  a  tar  oil  alone.  The  curve  of  oil 
uaed  per  hour  represents  the  mean  of  the  measured  quantities, 
but  the  curve  of  oil  per  hour  per  horse- power  has  been  calcu- 
lated to  a  standard  oil  of  18,000  B.Th.U's.  calorific  value.  In 
Fig.  2  are  shown  the  results  of  tests  of  a  60  h.p.  tar  oil  engine, 
constructed  by  the  Deutz  Gas  Engine  Company,  in  wliich  gas 
oil  was  used  for  the  ignition  of  the  tar  oil.  The  curve  of  oil 
per  hour  per  horse-power  has  also  been  calculated  in  this  case 
to  a  standard  of  18,000  B.Th.U's. 

Our  experiments  with  creosote  oil,  produced  locally,  gave 
results  which  fully  confirm  continental  experience.  These 
trials  were  made  with  Bed  lay  coke-oven  oil  upon  a  I  )h*scI 
engine  at  the  Royal  Technical  College,  Glasgow.  This  engine 
was  designed  to  use  petroleum,  and  no  alterations  were  made 
for  these  trials  beyond  increasing  the  compression  and  making 
the  fuel  valve  open  a  little  earlier.  The  oil  as  delivered  con- 
tained a  large  amount  of  naphthalene,  which  was  removed  by 
cooling  it  to  55°  Fah"  and  subsequently  filtering.  In  the 
filtered  condition  the  specific  gravity  at  60°  Fah.  was  1  046, 
and  the  lower  calorific  value  15,997  B.Th.U's.  per  pound. 
An  attempt  was  made  to  start  the  engine  with  this  oil,  but  so 
many  violent  explosions  occurred  during  the  process  that  it- 
was  given  up,  and  the  usual  procedure  adopted  was  to  start  up, 
load  the  engine  with  gas  oil,  and  then  switch  over  to  t  he 
reservoir  containing  the  coke-oven  oil.  No  difficulty  was 
experienced  in  running  the  engine  upon  full  or  three-quarter 
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load,  but  at  the  lighter  loads  trouble  commenced,  and  the 
explosions  became  so  serious  that  the  low-load  trials  were 
abandoned. 

The  results  obtained  with  three  different  loads  are  given 
in  Table  I.  It  will  be  noticed  that  the  total  oil  consumption 
at  24  b.h.p.  was  greater  than  at  29'5  b.h.p.  ；  this  was 
obviously  clue  to  tlie  imperfect  combustion  at  the  lower  load, 
and  indicated  that  a  large  amount  of  unburnt  fuel  was  passing 
away  with  tlie  exhaust.     The  tachograph  records  in  Fig.  3 
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illustrate  the  manner  in  which  the  engine  ran  under  the 
different  conditions.  Record  (a)  is  for  trial  1，  and  shows  that 
the  engine  speed  was  quite  constant  throughout  the  trial  ； 
(b)  is  for  trial  2，  and  shows  a  slight  occasional  variation,  but, 
on  the  whole,  fairly  constant  running  ；  (c)  i&  for  trial  3，  and 
gives  evidence  of  tlie  variable  speed  of  the  engine  ；  (d)  is  for 
a  trial  when  the  load  was  reduoed  to  give  about  20  b.h.p.,  and 
shows  conclusively  how  badly  the  engine  ran  at  what  was  a 
little  over  half  load.  Some  idea  of  the  nature  of  the'  explo^ 
sio'ns  referred  to  can  be  obtained  from  Fig.  4，  where  (a)  shows 
the  rotary  diagram  when  the  engine  was  running  steadily  as 
in  trial  1，  and  (b)  shows  a  similar  rotary  card  when  running 
under  the  conditions  of  record  (d)%  Fig.  3.  The'  fact  that  these 
explosions  took  place  after  the'  crank  had  passed  the  dead 
centre  while'  the  piston  was  moving  with  considerable1  velocity 


loads  the  efficiency  was  quite  up  to  expectations.  In  the  last 
line  of  the  table  tlie  oil  consumption  has  been  reduced  to  a 
standard  oil  of  18,000  B.Th.U's.  calorific  value  for  purposes 
of  comparison  with  the  two  engines  using  tar  oil  previously 
referred  to. 

Benzol.  ―  The  commercial  varieties  of  benzol  are  mixtures 
of  benzene  with  the  two  higher  members  of  the*benzene  series, 
viz"  toluene  and  xylene  ；  they  are  known  by  the  trade  names 
" 90  per  cent,  benzol  ，，  and  "  50  per  oenfc.  benzol, M  which 
indicate  that  90  and  50  per  cent,  by  volume  respectively  distil 
over  below  100°  C.  Tlie  first- named  consists  principally  of 
benzene,  whereas  the  50  per  cent,  benzol,  being  the  higher 
boiling  fraction  from  the  distillation  of  the  crude  benzol,  con- 
tains a  large  proportion  of  toluene  and  xylene. 

A  sample  of  90  per  c&nt.  benzol  may  be  expected  to  have 
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on  the  expansion  stroke,  gives  an  indication  of  their  violence. 
The  oil  consumption  during  this'  trial  was  very  high,  as 
indicated  by  the  low  speed  and  the  condition  that  the  lower 
the  speed  the  more  oil  is  injected  into  the  cylinder  per  stroke. 
No  results  from  this  test  are  given,  as  the  engine  was  not  run 
for  a  sufficiently  long  time  to  obtain  any  measurements. 

Table  I. —― Diesel  Engine  Trials  with  Bedlay  Coke-Oven  Oil. 
Diameter  of  Cylinder  12in.  ；   Stroke  18|in. 


1 

2 

3 

5/6/13 

5/6/13 

17/6/13 

Average  revolutions  per  minute  .... 

202-2 

202-6 

202-6 

Mean  effective  pressure  (lbs.  per  sq.  in. ) 

99-3 

86,5 

52-0 

45-0 

35,5 

29-5 

24- 1 

Blast  pressure  (lbs.  persq.  in.)  

706 

675 

635 

Exhaust  temperature  (deg.  Fah. ). 

714 

672 

19-10 

17-45 

17-82 

Oil  used  perhour  per  b.h.p.  (lbs.)  .... 

0-538 

0-592 

0-74 

Oil  used  per  hour  per  b.h.p.  (lbs.)  re- 

duced to  a  calorific  value  of  18,000 

B.Th.U.'s  

0-478 

0-526 

0-658 

Fig.  4. 

It  seems  clear  from  these  experiments  that  an  ordinary 
Diesel  engine  can  be  run  upon  coke-oven  oil  without  making 
any  serious  changes  in  the  fuel-valve  arrangements,  provided 
it  is  always  working  in  the  neighbourhood  of  full  load.  For 
light  loads,  however,  a  supply  of  petroleum  should  be  avail- 
able.   The  trial  results  in  Table  I.  indicate  that  at  the  higher 


the  following  constants  ：  Specific  gravity  0*88  to  0  885  ； 
freezing  point  about  20°  Fah.  ；  carbon  about  92  per  cent. ； 
hydrogen  about  8  per  cent.  ；  higher  calorific  value  about 
18,050  B.Th.U's.  ；  lower  calorific  value  about  17,270 
B.Th.U's.  The  freezing  point  of  50  per  eenfc.  benzol  is  con- 
siderably lower  than  that  of  the'  90  per  cent,  benzol,  and  its 
calorific  value  is  slightly  higher  ；  but,  on  the  other  hand,  its 
volatility  is  less,  and  greater  difficulty  is  consequently  experi- 
enced in  vaporising  it  with  air. 

The  chief  applications  of  benzol  are :  (a)  As  a  raw 
material  for  tli€i  manufacture  of  pure'  chemicals,  including 
dy-es,  drugs,  explosives,  and  photographic  chemicals  ；  (b)  as  a 
solvent,  particularly  in  tlie  india-rubber,  paint  and  varnish 
industries  ；  (c)  for  denaturing  alcohol  ；  and  (d)  as  a  fuel. 
Up  till  a  few  years  ago  the  bulk  of  thei  benzol  production  was 
absorbed  in  the  manufacture  of  organic  chemicals  and 
dyestuffs,  but  now,  even  in  Germany,  the  home  of  these 
industries,  the*  proportion  sold  as  motor  spirit  exceeds  that 
used  in  colour  works. 

Benzol  is  readily  vaporised  by  air,  and  may  be  substituted 
for  petrol  as  a  fuel  for  mo  tor- vehicles,  without  any  change 
other  than  a  slight  adjustment  of  the  carburetter.  The 
calorific  value'  of  benzol  per  unit  of  weight  is  considerably 
lower  than  that  of  petrol,  which,  in  the  case  of  a  spirit  having 
a  gravity  of  072,  may  be  assumed  to'  b©  approximately 
20,200  B.Th.U's.  (gross)  or  18,750  B.Th.U's.  (net).  But  if 
the  unit  of  volume,  which  is  the  basis  of  sales,  is  chose-n  for 
comparison,  the'  advantage  lies  with  benzol,  as  is'  evident  from 
the  following  statement  ： ― 
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Assuming  the'  same  efficiency  with  the  two  fuels,  these  figures 
indicate  an  increased  duty  in  the  case  of  benzol  of  approxi- 
mately 13  per  cent.,  and  this  figure  accords  fairly  well  wit  h  t  he 
results  of  tests  by  various  experimenters. 

In  a  summary  of  the  experience's  of  over  50  users  of  benzol 
as  a  fuel  for  motor-vehicles,  which  aj)j)«ars  as  an  appendix  to 
the  second  report  of  the  Petrol  Committee  of  the  Royal 
Automobile  Club,  the  state me-nt  is  mad©  that  benzol  appears 
to  give  on  an  average'  "  15  per  cent,  mare  mileage  than  petrol, 
and  greater  pulling  power."  The'  chief  disadvantages  alluded 
to'  are :  (1)  a  difficulty  in  starting  in  cold  weather  ；  (2)  a 
more  objectionable  exhaust;  and  (3)  sooting  of  the  valves ； 
while  opinions  vary  as  to  carbonisation  in  the  cylinders,  which, 
however,  does  not  appear  to  be  greater  than  with  petrol. 

The  possibility  of  working  with  benzol  at  higher  compres- 
sions and  with  a  consequent  greater  efficiency  is  a  noteworthy 
advantage;  bonzol-air  mixtures  may  be  campres&ed  to  from 
10  to  12  atmospheres  without  fear  of  explosions,  whereas 


Uie  provision  oi'  steam  coils  to  kwp  the  ""山 rial  in  t  rnolten 
condition,  is  a  drawback  to  tlie  use  of  tlie  crude  oil  in  its 
present  form.  The  solid  j>araffins  are,  however,  readily 
de<,orn{)0S6d  by  heal  with  i'orrnaiion  of  more  volatile  liquid 
hydrorarbons,  aiul  experience  with  petroleums  indicates  the 
probability  that  the  crude  oil  might  be  converted,  by  a  simple 
" cracking  ，,  treatment,  into  motor  spirit  on  tlie  one  hand,  and 
a  heavy  crude  fuel  oil  on  the  otlier.  This  piojxjsal  does  no< 
affect  the  present  output  of  crude  oil,  from  wliidi  1  liv  niark'-t 
requirements  for  refined  products  would  l>e  supplied  as  before. 
Its  practical  realisation  would  involve  I  Ik*  rrdion  oi 
additional  retorts  and  oondensing  plant;  but ,  in  ( simplified 
treatment  for  the  purpose  of  producing  a  crude  fuel  oil,  tlu- 
costly  appliances  necessary  for  the  separation  and  refining  ''! 
the  paraffin  wax,  viz"  the  refrigerating,  filtering,  pressing, 
and  sweating  plant  would  be  dispensed  with,  and  tlie  cost  of 
converting  the  crude  oil  into  a  saleable  product  would  be 
greatly  reduced.    Tlie  financial  possibilities  of  such  a  scheme 


Table  II. 〜 Dit.se I  Enyitit  Trkth  with  rum pher^toti  (/as  Oil ,    Diameter  of  <1  ifVimlvr  12///.,  Stroke,  18^///. 


Number  of  Trial   

Date  of  Trial   

Average  revolutions  per  minute   

Mean  effective  pressure  (lbs.  per  .sq.  in. ) 

Indicated  horse- power   

Brake  horse- power   

Blast  pressure  (lbs.  per  sq.  in.)  

Exhaust  temperature  (deg.  Fah.)   

Jacket- water  inlet  temperature  (deg.  Fah.) 
Jackets  water  outlet  temperature  (deg.  Fah.) 

Jacket- water  used  per  hour  (lbs.)  

Oil  used  per  hour  (lbs. )  

Oil  used  per  hour  per  b.h.p.  (lbs.)   

n  £      I  Carbon  dioxide  

Composition  oi  n   u               .  i 

exhaust  gases  per  Carbon  monoxide     .  • 

cent,  by  volume.  [  : 


1 

2 

3 

4 

5 

6 

7 

10/12/12 

10/12/12 

10/12/12 

12/12/12 

12/12/12 

12/12/12 

17/ lL'  IJ 

206.5 

205-8 

204-9 

204-0 

203.1 

202.0 

201.3 

42.4 

55.1 

70.5 

84-1 

92.4 

109-7 

22.8 

29.4 

37-5 

44-0 

48.7 

57.7 

0 

9.5 

15.9 

23-7 

30-2 

34.9 

40.0 

530 

570 

611 

664 

691 

735 

764 

226 

315 

394 

502 

595 

684 

64.0 

65.2 

65-0 

64.8 

63-4 

(52.2 

103-2 

117-4 

123.8 

135-9 

139-ti 

510 

500 

637 

870 

972 

5.52 

6.88 

8.80 

11.82 

14-09 

16-65 

20- 0 

0-723 

0-554 

0-499 

0-467 

0-477 

0-515 

1-62 

2-71 

3.66 

5-19 

6-14 

8-16 

9.70 

0.13 

0-08 

0.04 

0-04 

nil. 

nil. 

0.04 

18.73 

17.32 

16.09 

14-00 

12-40 

10-06 

7.92 

79-52 

79-89 

79-21 

80-77 

81-19 

81.78 

82.34 

pre-ignitions  take  place  when  petrol-air  mixtures  are  com- 
pressed above'  5  atmospheros. 

The  tendency  to  freeze  at  comparatively  moderate  tempe- 
ratures is  a  decided  drawback  to  the  us©  of  90  per  cent,  benzol. 
To  obviate  this，  mixture®  of  benzol  and  alcohol  in  equal 
volumes  (motoline),  of  benzol,  petrol,  and  alcohol,  and  of 
90  per  cent,  benzol  with  the  higher  hydrocarbons  in  the  pro- 
portions in  which  they  occur  in  coal  tar  (ergin)  have  bee-n 
employed.  The  last-named  proposal  seems  to  offer  the  most 
practical  solution  of  the  difl&culty,  except  in  abnormally  cold 
localities,  where  mixtures  of  benzol  and  petrol  would  prove 
more  suitable. 


will  doubtless  receive  the  careful  consideration  oi'  the  existing 
shale  oil  companies. 

The  shale  spirit  and  napht  has  are  used  as  motor  spirit,  for 
lighting  in  special  flare  lamps  or  miners'  safety  lamps,  ami  im 
solvent  purposes.  A  carefully-fractionated  Scotch  motor 
spirit  of  specific  gravity  about  0  718  has  a  distillation  range 
and  a  calorific  value  practically  identical  with  those  of  a 
similar  motor  spirit  derived  from  petroleum  ；  its  odour,  on 
the  other  hand,  is  distinctly  less  pleasant  . 


、 


The  value  of  benzol  as  a  fuel  for  motor-vehicles  was  first 
appreciated  in  France,  whore  its  employment  for  this  purpo&e 
has  extended  rapidly  during  the  last  five  years.  It  has  been 
estimated  that  the  consumption  in  France  during  1910  was 
approximately  50,000  tons  (12^  million  gallons),  the  greater 
part  of  which  was  imported  from  England,  Germany,  and 
Belgium.  The  German  Benzol  Association  reports  the 
probable  consumption  in  motors  of  the  benzol  produced  in 
Germany  during  1913  as  80,000  tons,  and  for  1914  as  95,000 
tons.  In  Great  Britain  the  use  of  benzol  as  a  fuel  has  hitherto 
been  largely  confined  to  the  officials  of  coke-oven  works  and 
tar  distilleries,  and  to  motorists  in  the  neighbourhood  of  these 
works.  The  recent  advances  in  the  price  of  petrol  have,  how- 
ever, led  many  u&ers  of  motors  to  experiment  with  benzol, 
and  reports  as  to  increa&ed  mileage  and  greater  pulling  power 
liave  appeared  regularly  in  the'  va'rio'us  motor  journals.  The 
use  of  benzol  at  the  present  time  is  only  restricted  by  the 
comparatively  limited  output,  and  the  lack  of  facilities  for 
distributing  it  to  the  consumers. 

Shale  Oil. ― Crude  shale  oil  is  dark  brown  in  colour,  and 
has  a  specific  gravity  ranging  from  0'86  to  0*89.  It  is  solid  at 
ordinary  atmospheric  temperatures,  and  melts  somewhere  in 
the  neighbourhood  of  90°  Fah.  The  whole  of  tlie  shale  oil,  at 
present  produced  in  Scotland,  is  distilled  and  refined  to  yield 
spirit,  naphtha,  burning  oils,  lubricating  oils,  and  paraffin 
wax.  In  the  crude  form  it  has  not  hitherto  been  used  as  a  fuel, 
but  the  possibility  of  producing  crude  oil  for  this  purpose 
appears  to  be  well  worth  serious  consideration  if  the  present 
high  prices  of  fuel  oils  are  maintained.  The  presence  of 
paraffin  wax,  which  causes  it  to  solidify,  and  would  necessitate 


Brake  horse -power. 
Fig.  5. 

The  burning  oils  are  used  almost  exclusively  for  illuiniuat- 
ing  purposes.  Although  we  have  tried  on  several  occasions  to 
use  them  with  an  ordinary  Otto  cycle  oil  engine  with  a  hot 
vaporiser,  the  results  have  not  been  entirely  successful.  AVIien 
tlie  Scotch  oil  was  used  under  conditions  of  jacket -wattM 
tenijwrature,  which  proved  perfectly  satisfactory  with  R ussian 
and  America u  burning  oils,  the  explosions  were  violeut  and 
irregular,  and  the  engine  worked  in  a  very  erratic  manner. 
These  difficulties  vanished  wlien  the  flow  of  jacket  water  was 
increased  considerably,  and  the  engine  ran  sinoothlv  with  an 
oil  cousumption  practically  identical  with  that  observed  in  the 
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trials  using  the  petrok'uni  oils.  We  understand  that  similar 
difficulties  have  been  experienced  by  other  observers. 

Apart  from  the  motor  spirit  already  referred  to,  the  gas  oil 
or  intermediate  oil  is  the  only  product  of  the  distillation  of 
shale  which  has  been  extensively  used  as  a  fuel.  Gas  oil  is 
tlie  portion  of  the  distillate  which  is  too  viscous  for  use  as  an 
illuminant,  and  too  fluid  to  be  used  for  lubricating  purposes ― 
hence  the  nam©  intermediate  oil.  Up  till  a  few  years  ago,  the 
only  large  outlet  for  this  oil  was  in  the  manufacture  of  oil 
gas  and  carburetted  water-gas.  It  has  since  that  time  bo&n 
adopted  by  th©  British  Admiralty  as  a  fuel,  and  is  now  in 
large  demand  locally  for  the  generation  of  lieat  and  power. 
The  specific  gravity  of  gas  oil  varies  somewhat,  owing  to  the 
inclusion  of  the  lighter  grade  of  lubricating  oil  when  the 
demand  for  the  latter  is  small.  Tlie  usual  grade  has  a  specific 
gravity  in  the  neighbourhood  of  0.86，  and  a  net  calorific  value 
of  about  18,200  B.Th.U's.  per  pound.  It  is  a  highly-refined 
oil,  entirely  free  from  water  and  ash,  and  is  an  excellent  fuel 
for  Diesel  engines. 

To'  give  some  idea  of  the  results  to  bo  expected  from  the 
use  of  shale  oil  in  a  Diesel  engine,  a  series  of  trials  was  made 
with  Pumplierston  gas  oil  upon  tlie  experimental  engine  in 
the  Royal  Technical  College,  Glasgow.  The  specific  gravity  of 
this  oil  in  the  filtered  condition  was  0.864— at  60。  Fall.,  and  the 
low^r  calorific  value  18,214  B.Th.U's.  per  pound.  This  engine 
was  supplied  by  Messrs.  The  Mirrlees  Watson  Company,  Ltd., 
in  1906，  and  has  since  then  been  in  continual  u&e  for  ordinary 
laboratory  purposes.  Its  dimensions  are :  Diameter  of 
cylinder,  12in.  ；  stroke,  18^in.  ；  and  normal  revolutions  per 
minute  about  200.  The  engine  is  loaded  by  means  of  a  rope- 
brake  applied  to  a  water-oooled  rim,  9ft.  diam.，  bolted  to  the 


Fig.  6. 

flywheel.  A  2 -stage  air  compressor  for  supplying  the  blast 
and  starting  air  is  driven  by  a  crank  at  the  end  of  the  engine 
crank  shaft.  No  attempt  was  made  to  measure  the  】ioi'&e- 
power  absorbed  by  the  compressor  during  these  trials.  In 
addition  to  the  ordinary  cards,  several  rotary  indicator 
diagrams,  similar  to  those  illustrated  in  Fig.  4，  were  taken. 
This  was  done  by  removing  the  spring  from  an  indicator 
barrel  and  then  driving  the  barrel  continuously  by  a  belt 
from  a  countershaft  connected  to  the  cam  shaft.  Diagrams  of 
this  type  have  some  advantages  over  the  ordinary  indicator 
card,  sinc&  tliey  permit  the  pressure  changes  during  compres- 
sion and  admission  to  be  more  easily  studied.  Great  car©  was 
taken  to  ensure  accuracy  in  the  measurement  of  the  oil  u&ed 
by  the  engine.  As  it  was  desired  to  investigate  very 
accurately  the  various  ways  in  which  the  heat  stored  up  in  the 
fuel  was  disposed  of,  great  importance  was  attached  to 
accurate  sampling  and  analysis  of  the  exhaust  gases.  The 
analyses  of  the  samples  were  conducted  over  mercury  in  a 
Haldan&  gas  analysis  apparatus.  All  the  other  necessary 
observations  were  taken  at  five-niinutes  intervals  during  the 
test -  Preliminary  tests-  were  made  io  delerinine  the  best  blast 
pressures  for  the  various  loads,  and  these  were  ultimately 
adopt  t'd. 

In  Tablei  II.  are  given  tlie  main  results  of  a  series  of  trials 
varying  from  no  load  to  full  load.  Curves  showing  the  oil 
used  per  hour  and  per  hour  per  brake  horse-power  are  given 
in  Fig.  5  to  a  base  of  brake  horsepower,  and  another  set  of 
curves  giving  the  amount  of  heat  used  as  work  and  that 


dissipated  in  exhaust  gas,  jacket-water 3  &c"  for  each  pound  of 
oil  at  the  different  loads  are  given  in  Fig.  6.  Tlie  results 
ap|»i'ar  very  favourable  for  an  engine  of  this  size,  and  show 
that,  even  in  small  units,  the  Diesel  engine  has  a  very  liigh 
fuel  economy. 

(To  be  continued.) 


FORMATION  OF  GEAR  WHEEL  TEETH. 

To  eliminate  residual  errors  in  the  teeth  of  gear  wheels  the 
Honourable  Sir  C.  A.  Parsons,  K.C.B.,  and  Mr.  S.  S.  Cook, 
of  Turbinia  Works,  W  a  1 1  send  -  on  -  Ty  n  e>,  propose  in  a  recent 
patent  to  grind  them  with  a  lap  extending  a  considerable 
length  ov&r  several  teeth  so  as  to  be  guided  by  th©  average 
configuration  of  such  teeth.  Figs.  1  and  2  are  respectively  a 
side  elevation  and  end  elevation  of  a  portion  of  the  gear  wheel 
showing  a  lap  in  position  for  grinding  teeth.  Fig.  3  is  a  view 
on  an  enlarged  scale  showing  the  contact  between  the  lap  L 
and  the  te'e'tli  of  the  gear  wheel  W.  Tlie  lap  it  will  be  noticed 
is  provided  with  two'  handles.    It  will  be  seen  from  Fig.  1  that 


Fig.  1.  Fig.  3.  Fig.  2. 

Method  of  Forming  Gear-wheel  Teeth. 


the  lap  extends  over  a  considerable  length  of  the  teeth  of  the 
gear  wheel,  and  al&o  over  a  considerable  number  of  them .  To 
effect  the  grinding  tlie  lap  is  moved  to  and  fro  in  the  direction 
of  the  length  of  the  teeth  of  th©  gear  wheel,  while  exerting  a 
suitable  side  pressure  of  the  lap  upon  the  sides  of  the  teeth. 
The  surfaces  in  contact  are  fed  with  a  mixture  of  oil  or  other 
fluid  and  an  abrasive  】naterial  such  as  fiWe  carborundum, 
emery,  or  glass  powder.  It  is  preferable  that  the  lap  he 
formed  of  an  alloy  which  will  cast  without  contraction  on 
cooling,  such,  for  instance,  as  an  alloy)  containing  13  per 
cent,  of  antimony  and  87  per  cent,  of  lead. - 


CORROSION  OF  SPECIAL  STEELS. 

This  subject  was  dealt  with  in  a  paper  by  Mr.  J. 
Newton  Friend,  D.Sc.,  Ph.D.,  presented  at  a  meeting 
of  the  Staffordshire'  Iron  and  Steel  Institute  at  Dudley 
on  Saturday  last.  In  1850  the  yield  of  pig  iron  was 
only  about  4,000,000  tons,  in  1900  it  had  increased  to 
40,000,000,  and  the  estimated  production  of  1912  was 
73'000，000.  No  one,  he  ventured  to  think,  could  look  at 
those  figures  without  wondering  what  the  end  of  it  all  would 
be?  should  the  demand  for  iron  continue  to  increase  at  the 
present  appalling  rate,  and  for  how  many  years  could  the 
supply  be  forthcoming.  Owing  to  the  rapid  depletion  we 
must  look  to  our  own  resources,  and  carefully  conserve  our 
stores  of  iron  and  steel.  This  might  be  done  in  two  ways ― 
namely,  by  avoiding  unnecessary  waste  in  the  production  of 
our  finished  articles,  and  by  preserving  those  finished  articles 
from  disintegration  and  decay.  It  was  only  within  com- 
paratively recent  years  that  any  serious  attempts  had  been 
made  to  determine'  quantitatively  the  actual  rates  of  corro- 
sion of  various  kinds  of  iron  and  ste&l.  The  author  then 
proceeded  to  describe  some  of  tlie  best  methods  of 
determining  the  relative  rates  of  corrosion  of  different 
samples  of  steel,  and  discussed  the  influence  of  the 
physical  condition  of  steel  and  of  alloying  elements  upon 
its  corrodibility.  Like  copper,  manganese  had  been  sorely 
abused,  he  said,  as  rendering  steels  liable  to  rapid  corrosion, 
and  there  could  be  little  doubt  that  in  this-  case  it  was  the 
sulphur  that  was  really  to  blame.  The  influence  of  carbon 
on  the  corrodibility  of  steel  was  unique,  being  complicated 
by  a  large  number  of  variable  factors.  From  a  corrosion 
point  of  view  the  】）resei"'e  of  silicon  was  very  desirable,  a 
practically  incorrodible  metal  resulting  with  20  per  cent, 
of  silicon.  Phosj)liorus,  again,  in  small  quantities  great lv  en- 
Iianced  tlie  power  of  resistance  of  steel  to  corrosion ,  but  other 
jtliysical  powers  imparted  to  iron  by  the  presence  of  phos- 
phorus rendered  the  latter  an  undesirable  constituent  for 
most  purposes.  The  same  was,  unfortunately,  true  in  regard 
to  silicon. 
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SOME  AVODERN  METHODS  OF  WELDING* 

BY  THOMAS  T.  HEATON. 

Thk  old  blacksmith's  method  of  welding  by  heating  in  a  coke 
fire  and  hammering  is  well  known.  It  is  known  also  to  suflcr 
from  drawbacks  of  various  kinds.  The  lieat  cannot  always  be 
regulated  as  well  as  could  be  desired.  Impurities  are  often 
introduced  into  the  joint.  Tlie  weld  itself  is  sometimes  i'ound 
to  be  defective,  that  is  to  say,  it  is  not  welded  throughout,  and 
the  defect  may  be  hidden,  as  there  may  be  an  outside  weld  of 
no  depth.  Great  skill  is  therefore  necessary  with  this  class 
of  welding.  The  niethods  the  author  proposes  to  describe  are 
quite  different,  and  for  certain  classes  of  work  produce  far 
superior  results  to  any  that  tlie  blacksmith  can  attain.  Often 
welds  can  be  made  which  nu  blacksmith  could  undertako. 

Broadly,  the  systems  of  welding  may  be  divided  into  two  ： 
(1)  Electric  welding,  in  which  the'  heat  required  is  produced 
by  the  electric  current.  (2)  Gas  welding,  in  which  the  heat 
is  produced  by  a  gas  or  mixture  of  gases.  These  divisions  may 
be  subdivided,  as  in  both  cases  there  are  variations  both  iu 
inetliod  and  in  means. 

In  electric  welding,  the  chief  variations  are  as  follows  : 
(a)  The  electric  arc,  as  in  the  Benardos  system  and  its 
variants,  (b)  The  system  invented  by  Mr.  Arthur  Stroh- 
menger,  and  owned  by  Messrs  Slaughter  &  Co.  (c)  The 
contact  system,  as  in  the  Thomson-Houston  method,  the 
Pontelec,  the  Helsby,  and  the  Allgemeine  Elektricitats 
Ge&ellschaft. 

The  Benardos  system,  if  properly  adapted  to'  the  work  to 
b©  done,  and  with  tlie  plant  well  designed  for  generating, 
distributing,  and  regulating  the  current,  is  practical,  simple, 
and  effective.  It  demands  a  direct  current  of  about  90  volts. 
The  quantity  of  current  used  depends  on  th&  thickness  to  be 
welded,  and  may  in  ordinary  practice  range  from  200  to 
500  amperes.  The  work  itself  forms  the  positive  pole  of  the 
arc,  and  a  rod  of  carbon  the  negative  polo.  By  this  arrange- 
ment the  greatest  amount  of  heat  is  in  the  weld,  as  the 
positive  polei  is  the  hotter.  Where  a  number  of  welders  are 
employed^  it  is  necessary  that  the  current  shall  be  supplied  in 
such  a  manner  that  on&  welder  shall  not  affect  the  arc  of 
another.  This  is  effected  very  simply  by  generating  in  a 
compound-wound  dynamo  of  ample  capacity,  and  the  machine 
should  be  slightly  over-  rather  than  under-compounded .  By 
this  arrangement  an  increa&e  of  load  does  not  lower  the 
voltage.  In  a  well-designed  machine  the-  voltage  scarcely 
varies,  provided  the  engine'  driving  it  is  efficient  to  maintain 
its  speed.  The  arcs  are  arranged  in  parallel,  and  each  arc  is 
provided  with  a  regulator  to  adjust  £lie  current  to  the  work 
to  be  done.  The  rod  of  carbon  forming  the  negative:  electrode 
is  fastened  in  an  insulated  holder  of  light  construction.  Tlie 
workman  holds  this  in  his  hand,  strikes  the  arc  by  placing  the 
carbon  in  contact  with  the  work,  and  manipulates  it  so  as  to 
spread  the-  arc  and  heat  the  work  at  and  near  the  point  to  be 
welded  witTi  what  is  described  as  a  soaking  heat.  When  the 
welding  lieat  is  attained,  the  work  is  hammered  or  not?  accord- 
ing to  circumstances.  Screens  with  coloured  glass  windows 
are  used  to  protect  the  ey©9  and  skin  of  the  "workman  from 
the  effect  of  violet  rays. 

The  Zerener  process  is  an  arc-welding  system  which  was 
introduced  by  Dr.  Zerener,  of  Berlin,  some  20  years  ago.  In 
this  there  are  two  carbons  in  the  same  holder,  and  there  is  a 
magnet  which  deflects  the  arc  produced  between  these  two 
carbons  downward  on  to  the  work .  No'  current  passes 
through  the  work  at  all.  There  have  been  modifications  of 
this  system .  The  object  is  to  inaintain  a  constant  voltage  in 
the  arc  by  having  a  constant  length  of  arc.  In  the  Benardos 
process  the  length  of  arc  varies  slightly  as  the  workman  moves 
the'  carbon  nearer  to  or  farther  from  tlie  work .  There  is, 
however,  in  practice,  no'  disadvantage,  in  this. 

The  Strohmen^er-Slaugliter  system  is  worked  with  either 
direct  or  alternating  current.  Alternating  is,  the  author 
believes,  preferred.  Tlie  voltage  is  not  very  hi^h,  and  its 
amount,  within  limits,  not  ii"poitaiit.  He  has  seen  85  volts 
used  with  direct,  and  220  volts  with  alternating  current,  botli 
offeotive.  The  quantity  of  current  depends  on  t he  work. 
Tlioi  ]>arls  to  he  welded  are  placed  in  juxtaposition,  and  an 
electrode  is  laid  upon  and  along  the  welding  line.  This 
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consists  oi'  a  soft  iron  rod  covered  all  over,  except  at  the 
extreme  ends,  with  a  llux  which  may  Ik;  const racW'd  <*li(.*uiic;il]y 
to  suit  the  metal  to  be  welded.  Contact  is  made  between  tho 
work  and  one  end  of  the  electrode,  whicli  fuses  by  a  series  of 
arcs  along  the  welding  line,  melting  tho  electrode  into  llio 
work  and  coating  tlie  weld  wit  h  a  vitreous  flux.  It  is  claimed 
thai  this  flux  prevents  oxidis;it  iriii .  It  ilak^s  o(V  when  the  in**t  ； t  i 
cools.  Thia  system  is  interesting.  TIh*  aut  hor  uiKlci  st  ； mds 
that  it  is  use<l  wit li  success  in  t lie  welding  of  tails  and  their 
repair  by  building  up  worn  places,  but  lie  has  no  exj>erience 
in  it  beyond  experimental  dernonst riLiioii,  carried  out  to  .v^o 
whether  it  would  supersede  efficiently  and  e<'ononiiralIy  other 
systems  in  use. 

Electric  contact  welding  is  performed  by  niacliiiuTy.  The 
Thonison-IIoustoii  process  was  int ruducf^l  into  this  country 
about  20  years  ago,  and  with  it  the  pieces  to  be  welded  aro 
fixed  in  a  machine,  one  im movable  and  the  other  iu  a 
slide-rest.  Tlie  piece  in  the  movable  slide  is  pressed  by  "R'aiis 
of  the  screw  against  the  otlier,  and  a  vei'y  lieavy  alteniat  in*; 
current,  the  amount  depending  on  the  area  of  the  weld,  is 
passed  through.  The  electrical  resistance  of  the  joint  causes 
a  rise  of  temperature  to  welding  heat,  and  the  movable  piece 
is  pressed  forward  until  a  complete  union  is  made.  A  little 
hammering  is  sometimes  applied  to  finish  tlie  joint.  Tins 
system  is  applied  to  the  welding  of  hoops  for  the  tyres  of  cart, 
(fcc.，  wheels,  angle  irons,  and  other  comparatively  heavy 
sections,  and  also  wire  down  to  small  dimensions.  The  voltage 
is  very  low,  only  about  2  to  4  volts.  The  current  per  square 
inch  is  about  16,000  to  20,000  ainj>eres. 

A  more  recent  method  of  contact  welding  is  also  performed 
by  machinery,  but  in  a  difl'erent  maiine r,  ami  it  is  rather 
delicate  in  its  adjustment  as  to  time  and  current  in  relation 
one  to  the  other.  The  voltage  at  the  welding  point  is  low, 
in  thin  work  about  6  volts,  and  the  current,  which  is  alter- 
nating, is  also  low,  but  the  amount  depends  on  the  thickness 
of  the  pieces  to  be  welded.  In  this  system  there  are  spot 
welding  and  roller  welding. 

In  spot  welding  the  work  is  laid  upon  a  fixed  copper 
contact-piece  or  electrode.  When  placed  in  position,  a  second 
(movable)  electrode  is  pressed  upon,  it  immediately  above  the 
fixed  electrode.  Current  is  then  switched  on,  and  iu  passing 
from  one  electrode  to  the  other,  heats  and  welds  the  work. 
The  current  is  sometimes  cut  off  automatically  and  sometimes 
by  hand. 

In  roller  welding  the  system  is  similar,  except  that  the 
electrodes  are  rollers  which  grip  the  work  overlapped  between 
them,  heating  and  welding  it  as  it  travels.  This  system 
requires  good  quality  metal  ；  it  should  be  homogeneous,  and 
free  from  scale  or  dirt.  The  adjustment  of  the  time  the  metal 
is  between  the  electrodes,  and  tlie  amount  of  current  required 
to  produce  the  necessary  welding  heat  and  no  more  within 
that  time,  are  somewhat  difficult  to  estimate.  It  is,  however, 
quite  a  practical  system,  and  can  produce  most  remarkable 
results  in  good  welding.  The  greatest  care  must  be  exercised 
to  produce  these  results  with  regularity. 

The  spot  welds  are  not  continuous  and  are  like  a  series  of 
rivets  without  riveHioles  or  heads.  They  can  be  made  con- 
tinuous by  a  series  of  spots  overlapping  one  another.  Tlie 
roller  welds  are  continuous.  The  Pontelec  system  is  spot 
welding  and  is  similar  to  the  above.  But  in  this  system  a 
small  disc  is  placed  between  the  pieces  to  be  welded  imme- 
diately between  the  electrodes,  and  the  disc  is  crushed  down 
into  the  weld.  It  is  claimed  that  this  disc  tends  to  con- 
centrate the  welding  heat  at  the  weld  more  thoroughly  than 
with  the  spot  welding  described  in  previous  paragraphs.  This 
contact  welding  is  very  ecoiioniical  in  labour  for  small  thin 
work.  It  requires  skilful  attention  to  keep  everything  pro- 
perly adjusted. 

In  gas  welding  the  lieat  is  produced  by  a  mixture  of  gas, 
of  more  or  less  good  calorific  value,  with  oxygen .  The  gas  is 
led  from  its  source  of  supply  through  a  flexible  pipe  into  a 
burner,  held  in  the  hand  of  the  operator,  and  oxygen  is  also 
led  into  the  same  burner  in  a  similar  manner.  The  pressure 
of  the  gas  and  of  the  oxygen  is  regulated  with  suitable 
apparatus.  The  proportion  of  gas  and  oxygen  is  adjusted 
by  opening  or  closing  their  respective  inlet  valves  on  the 
huriuM',  and  means  are  pn>vide<l  in  the  lmrner  to  prevei»t 
hack-firing.  The  gas  and  oxygen  issue  from  the  burner 
through  a  small  orifice  at  the  mouthpiece,  and  are  ignited  witli 
a  match,  the  proportions  of  the  two  being  adjusted  until  a 
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clear  flame  shows  itself  in  a  fin©  point.  The  work  it  heated 
bv  this  llanie  at  1 1 1 e  wekling  poiiit，  and  soft  iron  (or  other 
metal  according  to  the  kind  of  metal  being  welded)  is  melted 
into  the  joint  to  increase  its  thickness  and  therefore  its 
strength. 

With  regard  to  the  gas  used  for  this  class  of  welding,  the 
author  thinks  the  best  is  acetylene,  but  other  gases  are  used 
in  conjunction  with  oxygen,  namely,  benzol  vapour,  coal  gas 
and  hydrogen,  the  last  being  us&d  more  especially  on  the 
Continent,  but  acetylene,  oxygen,  and  coal  gas  can  be  used 
together.  Acetylene  and  oxygen,  however,  form  as  good  and 
effective  a  mixture  as  can  be'  desired.  Of  the  various  systems 
referred  to  herein,  the  author  regards  electric-arc  welding  and 
oxy-acetylene  welding  as  the  two  systems  most  suitable  for 
general  application,  and  the  rest  for  special  work.  In  some 
classes  of  work  the  electric  arc  is  the  more  suitable,  and  in 
others  the  oxy-acetylene  system,  while  in  some  ca&es  both 
systems  are  equally  applicable.  Each  is  more  economical  in 
its  owu  sphere.  Owing  to  the  lower  temperature,  the 
oxy-acetyleue  flame  is  better  for  thin  work  than  the  electric 
arc,  because  the  risk  of  burning  the  metal  is  not  so  great. 
The  temperature  of  the  electric  arc  has  been  calculated  as 
about  7,500°  Fah.,  but  will  vary  with  amount  of  current. 
That  of  the  oxy- acetylene  flamo  about  6，000°  Fall. 
(Murray  B.O.  Co.). 

In  the  author's  opinion,  the  electric  heat  must  be'  far  more 
effective,  however,  because  it  is  produced  within  the  work 
itself,  whereas  the  heat  of  the  gas  flame'  is  applied  entirely 
from  outside.  Where  the  work  is  suitable  for  the  electric 
arc,  welds  can  be  made  far  more  quickly  than  by  the  oxy- 
aeetylene  flame.  The  proportions  of  the-  two>  gases  in  welding 
vary  somewhat,  but  should  be  in  the  neighbourhood  of 
15  volumes  of  oxygen  to  1  volume  of  acetylene.  This  pro- 
portion is  given  by  Mr.  Murray,  and  agrees  approximately 
with  the  author's  own  experience  in  practice.  The  character 
of  work  done  varies  very  largely.  The-  olectrio  arc  is  used 
successfully  in  the  tepair  of  steel  castings  in  which,  for 
instance,  blow  holes  may  be  effectively  filled  up. 

Both  systems  are  used  in  the  welding  of  mild- steel  plates, 
steel  barrels  and  drums,  steel  tanks  of  all  shapes  and  sizes, 
compressed-air  receivers,  steam  boilers,  in  their  manufacture 
and  in  their  repair,  steam  piping  and  fittings  of  all  sizes,  angle 
and  tee  irons  and  other  sections  ；  the  welding  of  bosses  or 
flanges  into  vessels.  Receptacles  for  highly-inflammable  and 
searching  liquids  are  made  in  many  thousands  every  year  for 
petrol,  bisulphide  of  carbon,  acetone,  &c"  and  are  quit©  free 
from  leakage  or  evaporation.  The  welds  are  capable  of  with- 
standing high  pressures,  indeed  the  author's  firm  have  made 
welds  in  gas  cylinders  which  have  successfully  withstood  a 
pi'essure  of  4,0001bs.  per  square  inch,  and  welds  in  mild-steel 
tube  -^-in.  thick  by  l^in.  diam.  inside,  which  have  withstood 
an  hydraulic  pressure  of  six  tons  on  the  square'  inch  =  20  tons 
on  the  metal.  They  are  entirely  unsupported  as  against  the 
pressure.  It  is  clear  that  these  welds  must  be  sound  and 
homogeneous.  It  is  necessary  to  point  out  that  this  is  not 
amateur  work.  To'  weld  properly  and.  to  make  the  joint 
sound  throughout ；，  skill  and  training  are  required,  together 
with  knowledge  how  to  apply  the'  system  as  well  as  how  to 
design  and  prepare  the  work  for  being  welded. 

In  regard  to  designing  the  work  for  welding  there  is  a 
wide  field,  and  one  serious  consideration  is  the  avoidance  of 
internal  stresses  caused  by  contraction.  These  stresses  are 
unavoidable,  but  their  effect  may  be  minimised  or  nullified 
by  properly  designing  the  shape  of  the  article  to  be  welded. 
For  example,  a  sbeel  boss  has  been  welded  into  the  centre  of 
a  flat  circular  mild-steel  plate'  ^in.  thick,  with  the  result  that, 
in  cooling  radial  cracks  appeared.  It  is  probable  that  the 
material  was  not  of  the  most  suitable  quality,  but  the  stresses 
were  indicated.  If  the  same  plate  had  been  dished  or  curved, 
and  of  good  soft  quality,  it  would  have  yielded  to  the  stresses, 
and  would  have  been  free  from  fracture  or  risk  of  it.  If  two 
plates  are  butted  together,  and  a  third  be'  welded  upon  them, 
there  is  a  stress  in  cooling  due  to  tlie  contraction  forcing  the 
butted  plates  together  in  conflict'  with  the  welds.  If  instead 
of  allowing  the1  two'  plates  abutting  to  touch y  a  space  be  left 
between,  all  stress  is  avoided .  Tliese  are  examples  of  design 
which  may  be-,  multiplied,  and  will  perhaps  serve  to  illustrate 
the  author's  meaning,  as  they  are  typical  cases. 

Much  depends  on  the  kind  or  the  quality  of  the  material, 
which  is  generally  steel  or  iron.      For  the  generality  of  this 


work  mild  steel  made  by  the  Siemens-Martin  process  or 
wrought  iron  cannot  bo  excelled,  and  the  steel  should  be  very 
soft  and  low  in  carbon  to  get  the  best  results.  Bessemer 
material  is  not  so  good,  as  it  varies  greatly  in  the  same  piece, 
and  therefore  often  much  internal  stress  exists  in  it  to  begin 
with.  The  advantage  of  the  kind  of  welding  referred  to 
herein  is  that,  unlike  the  ordinary  blacksmith's  work,  it  is 
l>ossible  to  b©  sure  of  a  sound  homogeneous  weld.  The  weld 
is  built  up  from  its  foundation ,  and  m  most  cases  can  be  S6€>n 
and  its  soundness  and  strength  ensured,  always  provided  it  is 
properly  and  intelligently  done. 

The  author  has  heard  the  argument  advanced  that  in 
electric  or  gas  welding  the  result  depends  on  the  individuality 
of  the  workman.  To  a  certain  extent  this  is  true,  as  it  is 
true  of  most  mechanical  operations.  In  a  weld,  however, 
there  is  this  difference  from  some  other  kinds  of  work,  that  a 
defect  is  not  always  apparent.  With  proper  training  and 
adequate  supe'rvision,  however,  and  a  suitable  test  there  is  no 
reason  at  all  why  full  confidence  should  not  be  felt  to  a  much 
greater  extent  in  electric  or  gas  welding  than  in  blacksmith's 
welding.    To  give  examples  ：  一 

A  cylinder  of  Siemens-Martin  mild  steel,  20in.  internal 
diameter  by  ★in.  thick,  designed  as  an  air  receiver  for  a 
working  pressure  of  lOOlbs.  per  square  inch,  and  t^st  pressure 
of  2001bs.  per  square;  inch,  was  submitted  to  a  destructive  test 
some  time,  ago  at  the  works;  of  the  author's  firm  before  an 
engineer  from  the.  Admiralty.  The  cylinder  was  6ft.  9in, 
long,  made  in  two  sections  of  length  united  by  a  welded  joint 
with  a  butt-strap  welded  round  tlie  cylinder.  The  two 
abutting  ends  of  the  cylinders  joined  were  kept  slightly  apart 
to  avoid  internal  stresses  as  before  described.    The  ends  were 
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both  domed  outward  to  a  radius  of  about  24in.,  rather  too  flat, 
but  as  specified,  and  they  were  §in.  thick.  Near  one  end  a 
handhole  of  oval  shap^  without  any  stiffening  ring  was  cut 
out.  of  the  body,  and  a  ^in.  cover  plate  put  inside  with  central 
bolt  and  bridge  piece.  At  8251bs.  pressure  per  square  inch 
tliis  cover  plate  pushed  through  the  cylinder  sufficiently  to 
split  the  body  in  the  solid  plate.  The  part  thus  split  was  tlien 
cut  off  and  the'  end  re— welded  in,  somewhat  shortening  the 
cylinder,  -and  pressure  again  applied,  until  at  9751bs.  per 
square  inch  on©  end  was  pushed  out.  This  cylinder  had  a 
longitudinal  weld  made  by  the  electric  arc  system  for  its  full 
length.  The  two  ends  were  flanged,  inserted  into  the  ends  of 
the  body,  and  welded  in  by  the  oxy-acetylene  process.  The 
method  of  inserting  the  ends  is  indicated  by  Fig.  2.  This 
method  the  author  considers  the  best  for  welding  an  end  into 
a  vessel  to'  resist  internal  pressure.  The  form  of  the  end  is 
best  suited  for  the  stresses  due  to  the  pressure,  and  by  the 
system  adopted  any  required  thickness  of  weld  or  rather 
length  of  weld  can  be  made.  This  drawing  also  shows  an 
inside  butt-strap  joint.  A  drawing  of  an  outside  butt-strap 
joint,  is  shown  in  Fig.  1. 

In  tlie  course  of  the'  test,  the  circumference  of  tlie  body 
permanently  increased  2in.，  or  |in.  diam.  The  electric 
longitudinal  weld  showed  no  sign  of  weakness,  but  became 
extended  transversely  in  the  circumferential  direction.  The 
butt-strap  prevented  the  cylinder  becoming  stretched  in  its 
immediate  neighbourhood,  so  that  the  cylinder  after  the  test 
appeared  as  if  it  possessed  a  waist.  The  effect  of  the  increase 
in  diameter  was  to  tear  tlie  body  from  the  ends.  The  stress 
on  the  metal  its&lf  just  before  the  end  came  out  was  about 
ill  tons  per  square  inch.  Another  cylinder,  6iin.  diam. 
inside  by  ^-in.  thick,  made  of  a  lap-welded  boiler  tube,  welded 
by  producer  gas,  in  the  usual  way  of  such  tubes,  and  with  ends 
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welded  in  by  oxy-acetykrie  flame,  burst  at  l,850lbs.  per  square 
inch  at  i\w  j)rocluce'i'_gas  weld,  all  else  remaining  intacfc. 

The  author  has  tested  steel  barrels  by  hydraulic  pressure 
with  ends  quite  flat  and  only  2  nnti.  t hick  by  21^iii.  diam" 
and  t-lu'v  be^in  to  leak  at  a  pressure  of  about  651bs.  to  701bs. 
per  square  inch.  The  flat  ends  push  outward  so  as  to  tear  t  ho 
weld  in  this  ca&&,  which  is  simply  a  fused  weld  made  by  the 
electric  arc  ；  the  ends  being  flanged,  fitted  into  the  body, 
hooped  inside  and  outside  with  light  steel  hoops,  and  tlie'  weld 
made  by  (using  tlie  four  thicknesses,  body,  flange  of  end,  and 
two  hoops  together,  to  a  depth  of  about  -^in.  to  ^in.  The 
tliiokness  of  body  |in.，  inner  hoop  |in.，  flange  of  end  2  mm., 
and  outer  hoop  - j^in】  At  the  author's  works  there  is  a  vertical 
st^arn  boiler  working  at  801bs.  per  square  inch,  and  all  welded 
by  the  electric  arc  or  by  gas.  Hundreds  of  boilers  have  been 
repaired  by  both  processes,  and  their  lives  prolonged  for  years 
in  consequence.  All  these'  examples  go'  to  show  that  these 
systems  of  welding  are  practical,  reliable,  and  woxtliy  of  con- 
fidence in  every  respect.  Naturally,  the  character  of  the 
metal  at  the  weld  is  changed  to'  some  extent.  It  loses  some  of 
its  ductility,  and  some  of  its  strength,  but  loses  far  less  than 
does  a  blacksmith's  weld.  Many  tests  have  shown  that  89  to 
96  per  cent,  of  the  original  strength  of  metal  can  be  relied 
on  in  the  electric  weld.  It  lias  been  said,  but  quit©  wrongly, 
that  the  electric  welding  hardens  th©  metal  by  filling  it  with 
carbon  from  the  electrode.  This  is  not  the  case-.  For 
example,  in  welding  mild  steel  the  fierce  heat  of  the  electric 
arc  burns  out  all  the  impurities,  more  or  less,  including 
carbon,  and  leaves  the  metal  at  th©  weld  purer  iron.  If  any 
hardening  effect  has  ever  b&en  found,  it  has  been  due  to  bad 
manipulation  or  to  the  fact  that  the  metal  was  never  of  a 
properly-weldable  quality,  or  the  polarity  was  wrong. 

Table  I. ― Chemical  Analyses. 

Chemical  and  mechanical  tests  of  acetylene  and  electrically 
welded  plates,  received  from  Mr.  Heaton,  of  the  Steel  Barrel 
Company,  Ltd.,  Uxbridge. ― August  27th，  1913. 


Electrically  Welded. 

Acetylene  Welded. 

UnwcHcd 
metal. 

Welded 
joint. 

Unwelded 
metal. 

Welded 
joint. 

Manganese   . . . . 
Iron  (by  differ- 
ence). 

Per  cent. 
0-009 
0.15 
0-025 
0-068 
0-64 
99-108 

Per  cent. 
0-003 
Trace 
0.020 
0-043 
0-27 
99-664 

Per  cent. 
0-009 
0.15 
0-085 
0.068 
0.49 
99-198 

Per  cent. 
0.002 
Trace 
0-071 
0-067 
0.34 
90-520 

100-000 

100-000 

100-000 

100-000 

Table  II. — Mechanical  Tests  on  Mild  Steel  \in.  thick. 


Electrically  Welded. 

Acetylene  Welded. 

Un- 
welded. 

Welded  joint. 

Welded  joint. 

Trans- 
verse. 

Un- 
welded. 

Trans- 
verse. 

Longi- 
tudinal. 

Elastic  Limit  \ 
Tons  per  sq.  in.  J 
Breaking  Wght  \ 
Tons  per  sq.  in.  j 
Contraction  of  \ 
area,  per  cent.  J 
Extension  on  4  1 
inches,  per  cent,  j 
Extension  on  2  1 
inches,  per  cent,  j 

S  一 

17-60 

24-00= 
90% 

Nil. 
5-00 
7-00* 

Nil. 

25-60= 
96% 

Nil. 
0-50 
l.OOf 

CO  i— c       CO       CO  CO 
t、                 ^5       M  CD 
•        CO         •          •  • 

11.60 

f  18-24= 
I  78-8% 

49-60 
13-50 
22-005： 

II 

•  0  c\  — •    0  0 

^    CO  0    ^      4  x 

*  Broke  in  weld.     f  Broke  outside  gauge  length.     X  Broke  clear  of  w  fid. 

Tables  I.，  II.,  and  III.  are  valuable  in  that  tliey  go  to 
show  the  effects  of  the  welding  upon  the  metal.  For  tht^e 
analyses,  drillings  were  obtained  from  the  plates  themselves 
and  also  drillings  from  the  \velde3  joints.  The  plates  were 
tested  mechanically,  both  longitudinally  and  transversely 
along  the  welded  joints,  and  for  comparison  the  unwelded 
metal.     The  results  of  the  mechanical  tests  of  the  uii welded 


metal  are  the  mean  of  three  lots.  These  chemical  analyses, 
and  also  th^  mechanical  tests,  wero  specially  made  for  the 
author  in  August,  1913，  by  Mr.  F.  C.  Tipler,  Chi^f  ('li'  〖m、t， 
Locomotive  Department,  London  and  North-western  Railway. 
Crewe.  The  pieces  of  "i;i"'rial  were  prepare<l  at  i\w  works  of 
the  Steel  Barrel  Company,  at  Uxhrid^<%  and  were  of  S"'iii<'ns- 
Mariin  open-hearth  steel  ^in .  thick. 

One  of  the  strips  tested  (Table  III.)  coiisistfMj  <>!'  I  li" 
original  inat-erial,  and  t he  sf<'ornl  one  was  a  piv*-**  cut  t'roin  tli" 
same  sheet,  cut  into  two  and  electrically  welded  at  the  joint. 
This  material  was  of  a  somewhat  softer  nature  tlian  that 
referred  to  in  Table  II. 

Table  III. — Mrrhanira/  TV. 、■/-、■  an   7'〃 力  Strips  of  ,S7' //''/' 、- 
Martin  M ihJ-Stecl  Shctt  \in .  ////'  /,,  /'  //  M r.  */,///  /〃.、'. 


THE  THEISEN  PROCESS  FOR  CLEANING  GAS. 

The  Theiseu  process  for  cleaning  gas,  especially  blastfurnace 
gas,  is  known  by  name  to  most  iron  and  steel  men,  because 
Theisen  was  the  first  to  put  a  practical  washer  on  the  market 
capable  of  dealing  with  the  enormous  quantities  of  gas  given 
off  by  the  modern  furnace.  The  first  washer  was  mounted  on 
a  vertical  axis,  but  this  was  soon  followed  by  tlie  hori- 
zontal type,  of  which  more  than  500  have  been  built  and 
put  in  operation.  In  order  to  meet  modern  requirements  a 
new  type  of  Theisen  washer  has  been  worked  up  during  the 
last  few  years5  known  as  the  disintegrator  washer.  It  uses 
much  less  power  aud  water,  and  on  account  of  its  efficiency 
has  been  very  well  received.  This  new  type  of  washer  is 
described  in  "  Stalil  und  Eiseu  "  for  December  18th,  1913， 
and  operating  results  pf  various  plants  are  given. 

The  apparatus  is  built  on  the  joint-current  aud  counter- 
curreut  principle.  It  fulfils  in  the  one  machine  all  the  re- 
quirements of  economic  gas  cleaning  by  thoroughly  mixing 
and  forcing  the  gas  and  water  together  through  the  disin- 
tegrator arrangement.  It  also  causes  the  gas  to  repeatedly 
strike  against  suitable  washing  surfaces,  as  well  as  transports 
the  gas  and  increases  its  pressure.  In  the  joiut-current  dis- 
integrator shown  in  Fig.  1  the  gas  and  water  travel  from 
the  inside  to  the  outside  of  the  disintegrating  arrangement, 
while  in  the  counter-current  type  shown  in  Fig.  2  the  gas 
flows  in  opposition  to  the  water  through  the  disintegrator 
from  the  outside  to  the  inside.  In  general  the  first  type  is 
used  for  gas  already  cooled,  whiie  the  second  is  used  for  hot- 
gas.  , 

The  casing  of  the  joint-current  apparatus  resembles  that 
of  a  fan.  The  gas  enters  from  both  sides  to  the  middle.  Ou 
the  outside  of  the  entrance  passages  are  the  castings  contain- 
ing the  ring  bearings,  through  which  passes  the  shaft  to  the 
centre  of  which  a  cast-steel  disc  is  fastened.  On  both  sides 
of  this  revolving  disc  a  cast-steel  ring  is  arranged  which  bears 
cylinders  of  angle  iron.  Similar  rings  are  fastened  to  the 
inner  walls  of  the  casing  carrying  stationary  cylinders.  The 
rotating  and  stationary  cylinders  are  arranged  concentrically 
one  inside  another.  The  water  for  washing  is  carried  through 
siphon  tubes  to  the  interior  of  a  distributing  coue  on  the 
shaft,  which  is  pierced  with  holes  and  provided  on  the  out- 
side with  spray  plates.  Here  the  water  is  finely  divided,  and 
strikes  the  first  rotating  cylinder.  The  gas  and  water  mix- 
ture is  then  hurled  against  the  recoil  surfaces  of  the 
stationary  cylinder  by  the  centrifugal  action,  whereby  the 
water  is  broken  up  to  extremely  fine  vapour  and  intimately 
mixed  with  the  gas.  This  brings  about  a  thorough  moisten- 
ing of  the  dust  particles  iu  the  gas.  This  action  is  repeated 
by  the  succeeding  revolving  aud  stationary  cylinders  so  that 
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Inch. 
1.480 


'1 〖.47s 


Inch. 

i 


0-18.-. 


Maximum  小 
Per 

On  Square 
I'icce.  Inch. 


Remarks. 


Tons. 
4-06 

3.59 


Tons. 
21-95 
19-41  = 
V  88-428% 


Per 

cent. 


Per 

cent. 


f 


32-03  29-63 
10.93  5-23 


Original. 
f  Electrically 
I  welded. 
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^  h  8 

化 c  1 

u  n  . 


JO  UO 一】 0- 一 一 


204 


THE   MECHANICAL   ENGINEER.  [February  27,  1914 


the  dust  particles  in  passing  through  the  disintegrator  are 
taken  up  and  retained  by  the  water. 

The  gas- water  mixture  is  sucked  through  the  disintegrator 
by  the  fan  blades  mounted  on  the  outer  part  of  the  disc. 
The  inner  part  of  these  blades  is  inclined  and  open  so  that 


previously-described  machine.  Because  of  tli3  cooling  and 
cleaning  of  the  gas  as  it  enters  the  washer,  and  the  counter- 
current  principle,  it  is  passible  to  deal  with  hot  and  very 
dirty  gas  without  special  pre - cooling  and  pre-cleaning.  After 
passing  the  disintegrator  the  gas  is  subjected  to  repeated 


Fig.  1.~  Theisen  Joint  Washkr  with  Disintegrator  Constuuction. 

tlie  mixture  is  hurled  sideways  against  a  washing  surface 
built  concentric  to  the  fan  blades.  The  water  vapour 
saturated  with  dust  particles  separates  and  moves  to  the  out- 
side as  a  fluid  sheet.  The  gas  is  repeatedly  forced  violently 
against  this  sheet  of  water  as  in  the  known  and  proved 
Tlieisen  centrifugal  washer.  The  water  moving  outwards  is 
caught  at  the  edge  of  the  surface  in  a  groove  and  led  away, 
and  because  of  the  arrangeineut  of  the  groove  does  not.  reach 
to  the  real  pressure  blades.  This  explains  the  smaller  power 
requirement  and  the  higher  pressure  produced.  The  outer 
part,  of  the  fan  blades  are  shaped  radially,  formed  as  pres- 
sure blades,  so  that  they  are  closed  sideways.  They  force 
the  highly-cleaned  gas  to  the  fan  casing,  from  which  it  passes 
under  pressure  to  the  mains  and  the  places  where  it  is  used. 


Kiti.  "2.— Theiskn  Counter  Current  Washer  with  Disinteguatoh  Constkuction. 

violent  impulses  against  an  inclined  washing  surface  as  in 
the  other  machine.  The  water  is  introduced  as  shown  in  tlie 
diagram,  and  also  sideways  to  prevent  any  unwashed  gas 
passing  through. 

The  Theisen  disintegrators  are  reliable,  as  has  been 
proved  by  operating  records  of  over  a  year.  All  rotating 
parts  are  mounted  on  a  comnion  shaft  that  re'vo'lves  in  water- 
cooled  ring  bearings,  and  is  directly  coupled  to  the  driving 
motor.  It  requires  the  least  space  of  any  gas  washer  because 
the  cooling,  cleaning,  and  compression  is  carried  out  in  the 
same  apparatus  and  with  one  driving  motor.  Very  little 
attention  is  therefore  necessary,  by  no  means  the  constant 
service  of  an  operator.  The  wear  and  tear  and  oil  consump- 
tion are  also  reduced  to  a  mininuun,  for  in  the  whole  appara- 


TABLE  I. — Jlrst/lts  at  JJ/'fen/i/u/r/i, 


Anioiinfc 
uf  gas 
at  50 
(leg.  C. 
uu.m. 

Gas  pressure. 

Increase 

mm. 
water. 

Dust  content. 

Gas  temp. 

Water 

ten)  p. 

Water 
con- 

sump- 
tion, 
litre 

cu.m. 

Total 
|)ower 
eonsump 

tion, 
h.p.  ]mt 
1 .000  cu.m. 

l!.p.ni. 

In  pipe 
before 

washer, 
mm. 
water. 

Between  washer 
an'l  separator. 

IJcfinx- 
«  ashcr. 

After 
washer. 

waslier. 
deg.  C. 

After 
waslier, 
deg.  C. 

Before 
w  ashcr. 
deg.  C. 

After 
washer 
dog.  C 

Mm. 
w  ater. 

LI), 
•sq.  in. 

G.  per 
cu.m. 

(}.  pi'r 

•  '•.  per 

'.、U.  ft. 

44.327 

-70-5 

+ 130- 3 

0-185 

200.8 

1.080 

0.020 

('.IH 

40-0 

40-5 

30-0 

39.3 

0-684 

5-55 

008 

47.:W:5 

-90-0 

+ 150.0 

0-213 

240-0 

1-000 

0-012 

0-0052 

32.5 

33.5 

29-0 

：«■<) 

<l..V,.-, 

i5-4:j 

(558 

48.515 

-85-0 

+  153-0 

0-217 

238-0 

0.<U4 

0.018 

0-0079 

33-3 

34-5 

29-5 

33.8 

0.550 

5-22 

049 

Will 

一 85.0 

+  158-3 

0  224 

243- 3 

0.880 

0-008 

0.0035 

32-5 

33.5 

29-0 

33-0 

0.340 

5-00 

677 

Table  II. — AV.v 〃仏' of  Hour  Trsts  at  Rnmh(i,li. 


Dust  content. 

(Jus  tern  p. 

Water  tcnij). 

Water 

Total 

Before 
washer 

After 
washer 

After 
gasometer 

I>cf«ir<' 

After 

Before 

After 

con- 
sump- 
tion, 
litre 
cu.m. 

power 
consump- 
tion, 
h.p.  per 
1,000  cu.m. 

G.  per 
cu.m. 

G.  per 
cu.m. 

G.  per 
cu.m. 

G.  per 
vu.  ft. 

washer, 
deg.  C. 

washer, 
cleg.  C. 

washer, 
cleg.  C. 

washer, 
deg.  C. 

o  o  o  O 

(►.014 
O.OKi 
0.019 
O'OIS 

0.011 
0.012 
0-010 
0-015 

CO 

O  O  O 

C:>  GC  C  O 

― ~  U>  00 

21).  0 
30.  G 

31-0 
31-3 

27-0 
26-4 

'30.4 
30.  S 

0-549 
0-387 

4-1 

2-9 

Amount 
of  gas 
at  20 
deg.  C. 


Gas  pressure. 


In  pipe 
before 

m  aslicr, 
mm. 
water. 


Bt-tw  een  waslier 
and  separator. 


Mm. 
Avater. 


Lb. 


Increase 
mm. 
uater. 


sq. 


30,312 
43,050 


一  30.0 
-22-9 

-55-0 


+  196-5 
+  137.1 

+  130-0 


0-279 
0-194 

0-184 


160,0 
180-0 


hi  the  case  of  the  count ei'-cui'reiit  washer  shown  in  Fig.  2 
*l»e  gas  enters  underneat li  and  at  once  meets  the  water  sj>ray 
Hum  tlie  disintegrator,  so  that,  even  in  tlie  large  gas  entrance 
considerable  pooling  and  cleaning  of  the  gas  takes  place.  Tlie 
gas  then  passes  through  the  disintegrator  in  the  opposite 
direction  to  the  washing  water.  An  intimate  mixture  and 
violent  agitation  of  the  gas  and  water  takes  place  as  in  the 


tus  there  are  only  two  bearings.  No  growth  of  dirt  can  form 
Itocause  of  the  powerful  washing  and  rinsing  of  all  parts  of 
the  niadiine.  As  mentioned  before,  these  points  are  con- 
linnet]  l>y  operating  results.  The  fan  l>lades  are  shaped  so  as 
to  furnish  gas  at  the  pressure  required.  Theisen  water 
separators  are  also  built  to  dry  the  washed  gas  to  the  satura- 
tion point  or  lower.      They  are  built  on  the  principle  of 


i 
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change  of  velocity  and  direction,  and  furnish  dry  gas,  whicli 
is  very  important.  Such  driers  are  necessary  for  all  gases 
that  are  cleaned  by  being  brought  into  intimate  contact  with 
water. 

The  first  Theisen  disintegrator  was  tested  at  the  plant  of 
the  Schalker  Gruben  und  Hiittenverein  at  Gelsenkirchen  in 
1909.  The  results  showed  a  reduction  in  the  dust  from 
4  0  g.  to  0  031  g.  per  cubic  metre  (1*75  g.  to  0  013  g.  per  cubic 
foot).  At  the  Differdinge"  blastfurnace  plant  a  Thei»en  dis- 
integrator and  water  separator  has  been  in  operation  since 
1912  without  interruption.  It  was  furnished  as  a  pre- 
cleaner  to  lower  the  dust  from  4  0  g'  to  0  3-0  5  g.  per  cubic 
metre.  Due  to  good  pre-cooling,  however,  the  gas  only  has 
from  0*88  g.  to  1*46  g.  per  cubic  metre  as  it  enters  the  machine, 
so  that  much  better  results  were  obtained  than  guaranteed. 
Very  many  tests  have  been  made  at  Diilerdingen,  the  average 
results  of  whicli  are  given  in  Table  I.  Based  on  these  results 
Theisen  has  built  for  Differdingen  large  disintegrators  for 
50,000  cub.  m.  per  hour  capacity  (1,765,700  cub.  ft),  furnish- 
ing clean  gas  at  0'541b.  per  square  inch. 

At  the  Rombacher  Hxitte  at  Ilombach  tliere  are  two 
Theisen  disintegrators  each  of  30,000  cub.  m.  hourly 
capacity.  One  has  already  been  steadily  in  operation  for 
14  months,  and  the  other  was  started  about  June,  1913. 
This  apparatus  should  clean  the  gas  to  from  O'l  g.  to  0  2  g, 
per  cubic  metre  with  a  maximum  water  consumption  of  0*7 
litre  per  cubic  metre.  Very  exact  tests  were  carried  out,  the 
results  of  which  are  given  in  Table  II.  No.  2  machine  did 
not  produce  so  high  a  pressure  because  a  washing  surface  was 
built  concentrically  around  the  fan.  The  increased  power 
consumption  is  partly  due  to  this  cause  and  the  fact  that 
more  water  was  used.  The  surface  was  later  taken  away 
because  the  required  cleanness  was  more  than  reached  with- 
out it.  The  temperature  measurements  show  that  with  gas 
and  water  entering  at  almost  the  same  temperature  the  out- 
going gas  is  slightly  hotter,  due'  to  part  of  the  energy  being 
changed  to  heat.  Three  more  Theisen  washers,  each  of 
45,000  cub.  m.  per  hour,  have  now  been  installed. 

Illustrations  are  givm  in  the  original  paper'  of  one  of 
two  similar  machines  of  40,000  cub.  m.  to  45,000  cub.  m. 
hourly  capacity  that  have  been  in  operation  since  the  begin- 
ning of  1912  at  the  Hasper  Eisen  and  Stahlwerke.  The  dust 
is  reduced  from  about?  2  g.  per  cubic  metre  to  0.017  g.  to 
0*018  g.  per  cubic  metre.  The  results  are  given  of  a  disin- 
tegrator applied  to  pre-cooled  producer  gas.  The  tar  was 
reduced  to  0'2  g.  to  0'4  g.  per  cubic  metre  from  an  original 
of  45  g.  The  results  are  also  given  of  a  small  machine  at 
the  Krupp  Rheinhausen  plant  used  for  blastfurnace  gas. 
Finally,  figures  are  given  from  an  Austrian  plant  that  uses 
a  Theisen  machine  in  a  s-trictly  comparative  manner  with  a 
Schwartz-Bayen  disintegrator,  the  results  being  greatly  in 
favour  of  the  former. ― ' '  The  Iron  Age." 


ELECTRIC  FURNACE  FOR  COPPER  ALLOYS** 

BY  G.  H.  CLAMER. 

The  development  of  the  Herning  furnace  has  been  progress- 
ing favourably.  Being  a  departure  in  design,  much  of  the 
necessary  data  for  the  best  proportions  had  to  be  obtained  by 
actual  trial  on  furnaces  themselves,  as  it  did  not  exist  in 
books  and  tables  ；  among  this  data  were  a  number  of  physical 
constants  which  are  beyond  the  ranges  given  in  tables.  More- 
over, the  data  had  to  be  obtained  on  a  practical!  scale  as 
distinguished  from  a  laboratory  scale.  Development  work 
of  this  kind  requires  running  a  furnace  to  destruction  in 
order  to  find  out  its  weak  points. 

Briefly,  the  furnace  is  of  the  resistance  type  (that  is,  not 
an  arc  furnace)  ；  tlie  nietal  is  heated ,  like  the  filament  in 
an  incandescent  lamp,  hy  passing  tlie  (Mwrent  tlirou^h  what 
lui^lit  be  termed  a  thick  filament,  column,  of  t lie  liquid 
metal.  The  funiaco  itself  consists  of  a  hearth,  having  1  wo, 
t hree,  or  four  cylindrical  lioles  in  1  he  bottom,  which  are  closed 
at  the  far  ends  by  the  electrodes.  These  lioles  inav  be  ver- 
tical, horizontal,  or  preferably  inclined  upwards  into  the 

*  Paper  read  at  the  Cliicutfo  Meeting  of  tlit  Auitricau  Institute  of  MetaU. 


hearth,  and,  of  course,  are  filled  with  the  molten  metal  of 
tlie  hearth. 

By  means  of  the  electrodes,  the  electric  current  is  tlir-n 
made  to  pass  tlirou^li  the  columns  of  metal  in  these  lioles, 
thereby  heating  very  rapidly.  Tlie  proportions  are  made 
such  that  all  the  heat  of  the  furnace  is  generated  in  the 
metal  in  these  holes.  I u  addition  to  thus  heating  tlie  metal, 
tlie  current  also  exerts  a  peculiar  force  hy  means  of  wliich 
it  circulates  the  metal  rapidly  in  these  holes  by  forcing  it  out 
into  the  bath  and  sucking  fresh  liquid  ni<*t al  into  tin*  lmk 
hence  the  heat  of  the  furnace,  which  is  originally  set  free  in 
t\ie  holes,  is  rapidly  transmitted  to  the  batli  of  iru'tal  in  the 
hearth,  and  in  addition  a  most  thorough  mixing  and  stirring 
occurs.  It  is  tliis  circulating  force,  popularly  known  a-  the 
pinch  rfffct,  wliich  is  the  basis  of  the  furnace  aiul  which 
makes  such  a  method  of  heating  possible 

Cold  metal  is  melted  by  immersion  in  this  lieate<J  \r,\  \  \  \. 
Tlie  lieartli  is  kept  closed ^  thereby  avoiding  any  lo.<s  of  /.iix- 
vapours.  It  is  opened  only  while  cold  metal  is  being  in- 
serted. Moreover,  the  space  in  the  hearth  above  the  metal 
can  be  kept  neutral  or  even  reducing,  whereby  all  oxidn - 
tion  is  prevented.  The  furnace  can  be  made  tilting  if  de- 
sired, as  the  transformers  for  the  electric  current  are  attached 
permanently  to  the  outside.  As  the  walls  may  be  made 
thick,  the  furnace  gets  only  slightly  warm  on  the  outside, 
even  after  continuous  running  night  and  day.  The  furnace 
itself  is  simple  in  construction,  and  tlie  only  perisliable  part, 
tlie  hearth  and  heating  holes,  are  easily  renewed  when  worn 
out.  Brass,  bronze,  copper,  lead,  iron,  steel,  ferro-silicon,  &c.， 
have  been  melted  in  it  repeatedly.  It  has  been  run  day  and 
night  continuously  without  any  undue  overheating  in  any 
parts. 

The  development  has  been  effected  with  small  furnaces  of 
about  25  kw.  to  30kw.，  and  has  been  greatly  retarded  by  the 
transformers  not  giving  their  rated  capacities,  for  which,  of 
course,  the  furnaces  were  not  responsible.  Being  only  small 
furnaces  the  loss  of  heat  per  pound  of  metal  was  necessarily 
greater  than  it  would  be  in  a  large,  well-built,  commercial 
unit.  Moreover,  much  heat  was  lost  through  the  top,  whicli 
was  only  crudely  closed.  No  particular  efforts  were  made 
in  these  tests  to  economise  the  lieat，  as  it  will  readily  be 
seen  that  this  can  be  done  effectively  in  a  large,  properly - 
built  furnace,  and  involves  no  difficulties,  depending  merely 
upon  how  thick  one  is  willing  to  make  the  walls  and  cover. 
The  recent  development  had  to  do  chiefly  with  finding  the 
best  form  and  proportions  of  the  water-cooled  electrodes  and 
the  best  dimensions  of  the  heating  holes,  on  which  latter  tlie 
effectiveness  of  the  circulation  through  them  so  greatly  de- 
pends ； the  greater  this  circulation  the  smaller  the  furnace 
for  a  given  duty. 

Notwithstanding  that  no  particular  efforts  were  made  to 
economise  tlie  heat  losses,  the  results  were  favourable  con- 
sidering the  small  size  of  the  furnace,  and  the  fact  that  tlie 
transformer  could  not  supply  more  than  about  half  of  its 
rated  output  for  which  the  furnace  was  built. 

Ordinary  yellow  brass  was  melted  repeatedly,  including 
superheating,  at  a  rate  of  about  8'71bs.  per  kilowatt-liour. 
Considering  the  abnormal  losses  in  the  transformer  and  the 
fact  that  no  special  efforts  were  made  to  economise  the  heat 
losses,  the  furnace  being  frequently  opened  at  the  top,  these 
results  are  considered  quite  favourable.  With  conservative 
estimates,  it  is  thought  that  this  figure  might  he  increased 
to  lOlbs.,  and  probably  more.  The  figure  for  theoretically 
perfect  operation  is  not  known  definitely,  but  is  believed  to 
be  about  141bs. 

At  1  cent  per  kilowatt-liour,  tliis  would,  therefore, 
mean  about  10  cents  per  lOOIbs.  However,  it  is  not  proper 
to  compare  this  figure  directly  with  the  fuel  cost  for  nieltini: 
brass  in  the  usual  combustion  furnace,  as  there  are  other 
factors  of  equal  or  even  greater  import  nice  which  should 
also  he  included.  A  inori^  these  is  the  red  not  ion  in  the  loss 
of  zim-,  wliirli  in  t lie  fuel  lurnaces  soiiit*t im^s  in\ olv^s  an 
even  greater  rost  than  t lie  fuel  cost.  Conofrnin^  t lie  loss 
of  zinc  in  the  furnace,  tlie  best  iiulioation  that  t here  is 
practically  none  is  that  there  is  an  almo.-t  entire  absence 
of  any  white  t'\unes  coming  out  of  the  furnace.  The  onlv 
loss  of  zinc  by  white  fumes  was  from  the  thread  of  metal  as 
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it  was  being  poured  out,  and  this,  of  course,  cannot  be 
avoided  in  any  furnace.  There  is,  furthermore,  no  loss  of 
iMt'tal  hv  spattering  ；  all  the  metal  that  is  put  into  the 
liearth  must  come  out,  without  loss,  as  melted  metal. 
Thei*e  is  no  loss  by  oxidation,  as  the  atmosphere  in  the 
furnace  may  always  be  made  reducing  with  a  little  charcoal. 
The  losses  by  combustion  with  sulphur  in  the  fuel  gases  are, 
of  course,  also  entirely  absent.  The  saving  of  the  losses  of 
metal,  therefore,  are  of  great  importance,  and  in  some  cases 
might  alone  pay  for  th©  cost  of  th©  electric  power. 

The  wear  on  the  lining  in  a  brass  furnace  has  been  found 
to  be  so  slight  that  this  cost  of  relining,  per  lOOlbs.  of  metal , 
will  undoubtedly  be  almost  insignificantly  small.  As  to'  what 
the  saving  in  labour  cost  will  be  has  not  yet  been  determined, 
but  there  is  not  any  question  that  the  labour  cost  will  be 
considerably  reduced,  as  will  also  the  foundry  floor  space 
per  toiii  per  day,  as  these  furnaces  may  to  advantage  be 
forced,  hence  may  be  made  to  give  a  relatively  greater  out- 
put per  day.  It  has  be^n  shown  that  there  is  no  difficulty 
whatsoever  in  getting  th©  required  high  temperature,  for  by 
simply  leaving  the  metal  in  th©  furnace  a  little  longer  the 
temperature  will  rise  to  any  amount  desired. 

The  fact  that  the  liquid  metal  is  continuously  circulated 
upward,  like  boiling  water  in  a  kettle,  brings  all  mechanical 
impurities,  gas  bubbles3  &c.，  including  no  doubt  also  the 
sulphides  and  oxides,  to  the  top,  leaving  the  metal  pure. 
With  a  blanket  of  charcoal  over  the  top,  some  of  the  oxides 
might  even  be  reduced. 

The  furnace,  of  course,  may  be  made  tilting,  as  all  those 
under  construction  now  are,  and  they  may,  if  desired,  be 
made  to  tilt  around  the  lip,  thereby  facilitating  the  pouring 
directly  into  ingots  or  moulds.  Copper  has  been  easily 
melted  repeatedly  in  these  furnaces.  This  was  one  of  the 
unexpectedly  favourable  developments,  because  copper  has 
such  a  low  electrical  resistance  that  resistance  furnaces  for 
copper  have  heretofore  been  impracticable.  In  the  present 
furnace  the  proportions  of  the  heatijag  holes  for  copper  do 
not  become  impracticable,  though  it  was  feared  at  first  that 
they  might  be. 

One  of  the  chief  and  most  difficult  parts  of  the  furnace 
to  develop  was  the  water-cooled  electrodes  con.aecting  the 
transformer  with  the  melted  metal  in  the  bath.  A  success- 
ful form  of  construction  of  these  parts  has  now  been  devised 
and  tested  out,  and  has  given  entire  satisfaction.  It  also 
lias  been  found  that  the  circulating  force  may  be  made  much 
greater  than  was  at  iirst  supposed,  and  this  makes  the  design 
proportions  of  the  heating  tubes  more  favourable,  and  re- 
duces the  size  of  that  portion  of  the  furnace.  This  circulat- 
ing force  was  in  one  test  so  great  that  the  liquid  metal  rose 
about  an  inch  above'  the  surface,  where'  it  was  squirted  up- 
wards ； the  velocity  was  so  great  that  at  times  drops  of  metal 
were  thrown  off  at  the  surface  by  this  rapid  evolution,  though 
not  enough  to  spatter  the  metal.  If  a  suitable  pyrometer 
exists  to  be  placed  into  the  heated  metal,  it  is  possible  to 
regulate  the  temperature  with  great  precision,  thereby  avoid- 
ing both  under  and  overheating 

In  a  small  10  kw.  furnace,  what  is  known  electrically  as 
the  power  factor  was  accurately  measured,  and  was  found 
to  average  about  95  per  cent.,  which  is  greater  than  was 
expected,  and  is  practically  perfect.  In  a  larger  furnace  a 
crude  measurement  gave  about  85  per  cent.,  buti  it  is  be- 
lieved that  the  instruments  may  have  been  somewhat  in  error 
and  that  it  was  probably  higher. 


Fatal  Flywheel  Accident. ― Through  the!  failure  of  a  flywheel 
at  the  Cod  nor  Park  Ironworks  of  the  Butterley  Company,  on 
the  17th  in st.,  one  man  was  killed,  and  at  the  inquest  which 
was  subsequently  held,  it  was  stated  that  the  primary  cause  of 
the  accident  was  an  undetected  flaw  in  th©  main  shaft  to 
which  th©  flywheel  was  attached.  The  engineer  at  the  iron- 
works said  that  the  flaw  could  only  be  seen  after  th© 
machinery  was  stripped,  and  it  was  questionable  whether  it 
could  be  seen  on  the  surface.  They  had  not  the  least  reason 
to  suspect  a  flaw.  Tho  jury  returned  the  usual  verdict  of 
" Accidentally  killed." 


THE  ADVANTAGES  OF  MECHANICAL  CONVEYORS. 

At  a  meeting  of  the  Institution  of  Engineers  and 
Shipbuilders  in  Scotland,  recently  held  at  Glasgow, 
Mr.  Heinrich  Ollendorf  read  a  paper  on  "  The 
Utilisation  of  Ground  Adjoining  Harbours  and  Rail- 
way Stations  by  the  Aid  of  Mechanical  Conveyors/'  Tlie 
author  explained  in  detail  and  with  the  assistance  of  lante in 
.slides  the  plans  on  which  harbours  and  railway  stations  are 
constructed,  and  showed  how  mechanical  conveyors  could  be 
used,  economically.  It  appeared,  he  said,  that  for  distance 
traffic  proper,  when  the  land  conditions  were  simple,  the  wire 
ropeway  could  not  compete  with  £he  railway,  which  was 
available  for  all  sorts  of  goods  and  for  passengers,  and,  there- 
fore, had  better  economy.  But  for  short  distances  th©  railway 
freights  per  train  mile  increased  very  rapidly  on  account  of 
th©  great  cost  of  loading  the  trains  and  the  high  wages  paid  to 
those  in  charge  of  trains.  It  was  otherwise  in  the  case  of 
the  wire  ropeway,  the  expen&es  of  which  were  about  the  same 
for  all  distances  longer  than  six  miles,  and  only  slowly  in- 
creased below  that  figure.  The  reason  for  the  small  cost  of  the 
wire  ropeway  lay  in  the  small  amount  of  friction,  which 
required  comparatively  small  ex}>euditure  of  energy.  Besides, 
the  loading  of  goods  took  place  by  the  aid  of  hopper  fillers, 
and  by  employing  the  weight  of  the  loads  to  move  these  auto- 
matically the  pre&ence  of  a  driver  on  th©  spot  was  not  nee<led. 
Curves  and  intermediate  stations  raised  th©  cost  of  the  wire 
ropeway,  especially  when  the  land  was  built  upon,  but,  under 
just  these  conditions ?  it  had  a  special  advantage  over  the  rail- 
way, since  it  was  only  with  the  greatest  difficulty  that  the 
latter  could  be  adapted  to  the  purpose,  and  it  was  sometimes 
impossible  to  use  a  railway  when  the  land  was  fully  built  on. 
In  these  matters  private  enterprise  was  in  advance  of  muni- 
cipally-worked concerns.  Private  enterprise  had  shown  that 
an  industry  often  renounced  the  advantage  of  lying  close  to 
the  water,  and  was  content  with  efficient  transporting  arrange- 
ments, when  these  were  not  too  deax,  to  connect  it  with  the 
waterway.  But  there  seemed  no'  reason  why  municipalities 
should  not  improve  on  their  past  efforts  and  follow  in  the  path 
which  private  enterprise'  had  shown  to  be  so  profitable,  and 
construct  harbours  with  few  docks,  to  he  fully  utilised  by 
being  connected  with  the  cheaper  land  adjoining  by  means  of 
transporting  arrangements  of  the'  most  efficient  kind. 


CORRESPONDENCE. 
Testing  Accuracy  of  Drills  and  Lathes. 

To  the  Editor  of  "  The  Mechanical  Engineer." 

Sir, ― I  shall  be  oWiged  if  any  of  your  readers  would  be  so 
kind  as  to  favour  me  with  their  assistance  in  answering  the 
following  questions :  (1)  Describe  how  you  would  test  tlie 
accuracy  of  a  radial  drilling  machine.  What  degree  of  error 
would  you  allow  in  a  new  machine  made  to  drill  up  to 
2in .  diam.  ?  Describe  the  measuring  instruments  you  would 
use  in  the  test  as  above.  (2)  How  would  you  test  the  leading 
screw  of  a  lathe  for  accuracy  ？  What  degree  of  accuracy  would 
you  expect  to  find  in  a  new  screw  ？ ― Yours, 

A.  T.  H. 


Dangerous  Railway  Couplings. ― In  his  report  on  a  collision 
at  Possilpark  Station  on  the  North  British  Railway  on 
December  23rd,  when  an  up  express  train  from  Fort  William 
to  Glasgow  collided  with  a  part  of  a  mineral  traiu  belongiug 
to  the  Caledonian  Railway,  Major  Pr ingle  comes  to'  the  con- 
clusion that  the  division  of  the'  mineral  train  was  caused  by 
ih©  breakage  of  a  link  which  was  not  of  the  latest  (Gedge) 
pattern.  It  was  welded  at  one  of  the  ends  instead  of  in  one  of 
the  long  sides,  and  the  fracture  occurred  at  th©  welded  end. 
The  fractured  surface  showed  defective  welding  of  the  wrought 
iron  over  nearly  two-thirds  of  the  exposed  section.  The  atten- 
tion of  railway  companies  had,  he  states,  been  drawn  on  other 
occasions  to  the  advisability  of  providing  additional  strength 
to  wagoji  couplings  by  tlie  use  of  steel  instead  of  wrought  iron. 
Tlie  existence  of  wrough1>iron  links  of  this  old  pattern  con- 
stituted a  real  weakness  and  source  of  danger  to  railway 
working.  Having  regard  to  the  heavier  loads  now  worked  by 
goods  trains,  and  to  the  number  of  divisions  which  occur,  the 
question  of  strengthening  the  drawing  arrangements  of  wagon 
stock  wa&  of  increasing  importance. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Orders  for  Destroyers.- Ordors  for  two  iori^do  l»<»;»t  d«'st  i  。,、  ,'rs 
for  the  British  Admiralty  have  just  boon  placed.  Messrs. 
thorn,  Leslie,  &  Co.  Hebburn,  havo  ivccivcd  an  or 山' r  ior  om'  :m<l 
Messrs.  J.  S.  Whito  &  Co"  Cowos,  arc  to  buil<l  U"'  ot\wv. 

Manchester  Ship  Canal.— Dm  in-;  U"'  ]»ast  >var  tmm;^'  ； n..I 
nnvints  of  the  Canal  were  the  largest  on  ivcor<l,  and  as  "  n-sult 
tho  comi.anv  has  been  able  for  the  first  time  to  pay  a  rotm  n  ot 
2i  per  cent,  on  the  3i  per  cent.  prHVr,""','  stork  lu-ld  l,>'  tl"' 
Manchester  Corporation. 

German  Locomotives  for  a  British  Railway.— The  South  Eastern 
juul  Chatham  Railway  ComPa",v  have  placed  an  order  tor 
poworful  locomotives  with  Messrs.  A.  Borsig,  engine  builders,  <>i 
r\\^e\}  near  Berlin.  The  engines  will  be  built  to  the  specifications 
0f  the  chief  mechanical  engineer  of  the  railway  company.  The 
reason  for  placing  the  order  abroad  is  not,  it  is  stated,  a  question 
of  price,  but  entirely  a  question  of  dolivory.  The  Gorman  Uvm 
},avo  undertaken  to  deliver  the  ten  engines  by  tlu>         of  May. 

Regulation  of  the  Welsh  Tinplate  Output.— It  is  understood  that 
the  proposals  to  curtail  the  output  of  tinplates  recently  discusswl 
at  successive  meetings  held  by  the  makers  at  Swansea  、">r,、  （1。 
finitely  adopted  at  a  further  meeting  held  a  low  days  a^o.  It  lias 
been  agreed  that  the  production  is  to  he  】.">  i"、r  cent,  smaller  tlian 
that  for  the  previous  quarter,  the  curtaihv.oiit  to  ('oimi"'ii(t'  on 
April  1st.  The  working  of  the  arrangemont  、vill  be  confined  to 
the  regulation  of  the  production  only,  Iteing  on  a  similar  l'asis  to 
that  ruling  in  the  galvanised  sheet  trade. 

A  Quarter's  Railway  Accidents.  — A  Board  of  Trade  roport  just 
issued  states  that  the  total  number  of  persons  killed  on  railways  in 
the  United  Kingdom  during  the  three  months  ended  September 
30th  last  was  304,  as  compared  with  27G  in  the  corresponding 
period  of  1912.  The  total  number  injured  was  2,213,  as  comparod 
with  2,329.  Amongst  the  killed  were  54  passengers,  107  servants 
of  companies,  and  15  other  persons  who  met  their  deaths  »>y  "c'  i 
dents  or  passing  over  level  crossings.  There  were  also  118 
trespassers  (including  suicides)  and  10  others  killed  whilst  on 
business  at  railway  stations,  &c. 

The  Trades  Disputes  Act.— An  influential  meeting  of  employers 
convened  by  tho  Employers'  Parliamentary  Council  was  lield  in 
London  on  the  18th  inst"  when  a  resolutjon  was  unnnimously 
carried  calling  upon  the  Government,  in  view  of  tho  continued  and 
gi'owing  menace  to  personal  freedom,  public  ordpr,  and  industrial 
I)。a('t、  due  to  the  provisions  of  the  Trades  Disputes  Act,  to  set  up 
an  enquiry  into  the  working  and  effects  of  tlio  Act,  and  to  deter- 
mine whether  certain  amendments  in  regard  to  picketing,  A'r.， 
should  not  ho  made.  Sir  Richard  Temple  presided,  and  employers 
wore  present  from  all  parts  of  the  United  Kingdom. 

Rebates  in  the  Steel  Trade. ― The  English  Steelmakers'  Associa- 
tion has,  we  learn,  decided  to  continue  the  rebate  system,  despite 
the  opposition.  It  may  be  recalled  that  the  scheme,  which  pro- 
vided for  a  rebate  of  5s.  per  ton  to  consumers  who  confined  their 
pm'cliastvs  to  the  Associated  Makers,  was  inaugurated  in  October, 
1911，  and  abandoned  by  the  Scottish  steel  makers  in  November 
last.  Although  some  important  consumers  have  seceded  from  the 
arrangement  and  threatened  to  buy  their  supplies  abroad  and 
toi'in  an  independent  makers'  association,  the  Associated  Makers 
app.i rently  consider  themselves  strong  enough  to  maintain  the 
rt'liate. 

A  Large  Die  Press— One  of  the  most  striking  exhihits  in  the 
pngineering  section  at  the  Anglo- Anu'iican  Exposition,  which  is 
to  be  opened  next  Ma'v  at  the  White  City,  Shepherd's  Bush,  will 
be  that  of  a  gigantic  die  press,  which  is  l"、ing  sent  over  l»y  the 
Kcirnciito  Machine  Company,  of  Btid^eton,  New  Jersey .  This 
enormous  pitnv  of  machinery,  which  stands  some  3()ft.  high,  will 
cost  st、wral  thousand  pounds  to  brin^;  over  aiul  to  t"v('t,  ； i nd  will 
l>o  show  n  in  actual  operation.  L;ugt',  Hat  sl"、t'ts  of  nictal  、vill  U、 
pl«<'od  in  tho  niiichino,  nnd  with  Imt  two  movrnuMits  ii  will  stamp 
otit  a  full  sized  automobile  body.  Some  idea  of  its  lni^cnoss  may 
he  ^:ith<M'o(I  from  tl"、  tact  thut  tliriv  is  standing  room  for  :)U  im'n 
in  and  ； iltout  tho  FraiiKMvork  ;uh1  niochanism  of  this  colossn I  pi,'<  p 

inachiiHM  y.  '1，1"'  samo  linn  will  nlso  oxhihit  a  similar  piece 
of  machinery  whicli  at  a  single  stroke  stamps  out  soanik*ss  l'H'tal 
baths. 

The  Panama  Canal  and  Trade  Developments. 一 In  a  lecture  on  '*Tlio 
Panama  (，;mal,'' 山、 livort'd  at  the  Birmingham  I'nivorsity.  "Prof. 
Kirkakly,  in  ck、aliiig  with  the  commercial  effect  of  the  canal,  said 
Jts  completion  would  open  up  American  and  European  civilisation 
in  a  way  that  had  not  hitherto  been  possible.  Ships  loavin^;  tho 
Eastern  States  of  North  Aniorica  and  the  North  western  jxn  ts  ,)t 
Europe  would  l»o  able  to  take  emigrants  juh!  goods  to  thf  ports  of 


the  Xortli  \v<vstoni  States  oi  South  Amorif  a,  uliirli  wevo  at  i，'.(' 
s<;nt  in  a  more  or  loss  primitive  stato.    Tlioi *•  *     n  disin 

clination  to  ('mignito  to  tho  \v<»storn  sido  of  Soutli  Ai"('ri(a, 
although  it  was  icrtih*  and  rich.  The  local  effects  of  tho  raiial 
、vt>n、  likely  to  ho  very  considoral)!**  ；  distances  would  I"'  rflnccd, 
and  there  would  I"'  ^rcat  increase  of  trade.  Th'  r''  \m<\  b'-'-n 
iinu-Ii  discussion  as  to  tl"、  extent  British  tr;i'l"  u«)ulfi  snlf»-r  w)i»*n 
the  Panaiiia  (1anal  w  as  "p，'",'（l.  Some  p'-opli'  i  n  Ahmticu  I  ad  f''lt 
that  the  opi'iiin^  oi  the  canal  would  t\w  means  ai  A『M，'ri(.;i  (,'i-st 
ing  Great  Britain  from  tho  lucrative  trade  she  no"  en jovrd.  Corn 
pa  rod  with  Kn^Iish  traders,  Am''ri ('； ms  、、<'n*  j»i  n-d  to  supply 
coal  at  ports  in  tho  noi^hhotuhood  of  the  catial  at  a  r<*(iuftion  in 
price  of  between  3()  per  cent,  and  •")()  per  cent.  America  w  as  al'lc 
to  produce  coal  cheaper  than  ("vat  liritain,  because  tlic  (oimtry 
was  more  up  to  date  in  milling  methods.  I n  ("«'at  Britain  min 
iiig  methods  had  to  be  modernised  ；  while  pari  i<->  、、♦•「'•  <""»rr''lli'ig 
over  a  5  per  cent,  or  a  10  per  cent  rise  in  wages  they  miKl't 
eventually  kilt  the  goose  that  laid  tho  ^oldi-n  'I  I i i s  、v:is  a 

question  of  national  ii"p()rt;m(''. 

Scientific  Management. ― At  the  moinlily  nieetin^  <»t  tin-  IVo 
(luction  Managers'  Association,  li<»I(l  in  London  on  tlie  11th  inst.T 
tlio  president,  M r.  W.  Howard  Hazcll,  who  has  just  returned  from 
a  visit  to  the  United  States,  gave  an  address  on  scientific  manage- 
iiicnt  and  liow  to  apply  it  to  husinosses.  The  average  opinion  oi  tin* 
average  man  seemed  to  be  that  the  system  might  suit  other 
people's  business,  but  it  would  certainly  not  suit  his  own.  It  was 
revolutionary  to  consider  the  new  methods  when  com  pared  with 
the  old  ones.  The  originator  of  the  system  was  Mr.  F.  W.  Taylor, 
and  he  had  been  engaged  ior  tho  past  23  years  in  working  it  out. 
Me  had  Ik'^uh  with  the  pr (山 of  t'mmig  stool  in  ];it lies,  ； i ik]  tor 
years  had  been  timing  the  different  methods  and  trying  to  deter- 
mine the  best.  There  was  one  way,  and  tliat  the  best  way  to  do 
any  work,  and  an  efficient  workman  、vitli  proper  tools  should  do 
this  work  in  a  certain  standard  time.  The  time-study  man  took 
a  process  or  a  machine,  and  studied  it.  First  he  divided  it  into 
as  many  operations  as  he  thought  suitable.  Then  lie  took  the 
average  time  taken  on  tho  paitW'ular  processes.  Ho  often  spent 
three  or  four  weeks  studying  a  process,  making  changes  to  sco 
if  they  were  improvements.  He  would  set  a  standiird  ti""、  in 
which  the  process  should  be  done.  The  workpeople  aro  paid  the 
usual  weekly  wages,  and  in  addition,  a  bonus  based  on  the 
standard  time  allowed  for  the  different  processes,  and  those  who 
get  nearest  to  the  standard  wero  paid  tho  highest  、vag(、s  ;  thus  100 
per  cent,  efficiency  was  usually  paid  time  and  a  third  for  the  tinu* 
worked.  Finally,  there  was  the  planning  room ,  in  u  hicli  all  t  lie 
work  was  schemed,  which  workman  was  to  do  the  job,  what 
machine  it  、vas  to  be  done  oi，，  and  what  the  standard  time  for  the 
job  should  be.  Tho  idea  of  the  system  was  not  to  lower  wages,  but 
to  increase  them,  and  to  increase  the  output  for  the  same  floor 
space  and  the  same  plant.  Something  like  50,000  workers  in  the 
United  States  were  working  under  the  new  system ,  and  tlie  num- 
ber was  increasing.  This  system  lield  great  advantages,  as  it  was 
only  by  becoming  efficient  producers  that  they  could  maintain 
their  hold  on  foreign  markets. 

Opportunities  for  Trade  in  the  Russian  Far  East. ― According  to  a 
report  by  H.M.  Consul  at  Vladivostok  the  trade  of  the  United 
Kingdom  with  Vladivostok  has  always  been  insignificant,  and  in 
1912  it  was,  as  far  as  can  be  judged,  rather  more  so  than  usual. 
The  most  u nsatisfactory  feature  of  the  position  is  that  it  is  im- 
possible to  see  how,  under  present  conditions^  any  material  im- 
provement can  take  place.  United  Kingdom  firms  have  no  foot- 
ing in  Vladivostok,  and,  in  face  of  the  businesses  which  have  been 
built  np  by  old  concerns  wliicli  have  grown  with  tho  country,  would 
start  at  a  disadvantage  in  estaMisliiup;  thomsolves.  It  is  only  by 
working  on  some  principle  of  comhination  of  different  producing 
interests  that  any  serious  result  could  be  achieved  ；  otherwise,  the 
initial  expondiiure  and  the  cost  of  organisation  would  be  pro- 
hibitive. The  country  is  a  new  ono,  and  it  has  no  manufactures. 
Tt  is,  therefore,  dependent  tipon  ovitsi  le  sources  for  satisfying  all 
the  needs  of  a  population  which  is  not  large  at  present,  but  which 
is  rapidly  increasing  in  numbers  and  purchasing  power.  fial- 
vanist'd  iron,  corrupatefl  and  flat.  n、niaii»s.  as  it  always  has  been, 
the  staple  import  of  I'nitod  Kingdom  nianufaotnro.  In  addition 
to  galvanised  iron  a  ronsidorahU*  (piantity  of  black  sheet  roofing 
iion,  some  portal)le  engines,  a  few  boat  motors,  ami  some  casual 
machintTV  、、ert、  iniDorted  from  tho  l"nite<l  Kingdom.  CVntral 
heating  apparatus  is  moro  and  more  used,  but  in  this  article  it 
would  ！ >o  hard  to  compete  with  the  Germans.  Hardware  and  tools 
of  ruitod  Kingdom  nianufa ctun\  in  view  of  their  liigh  quality, 
should  be  able  to  compete  to  some  extent  with  the  German  articles. 
They  are  at  present  almost  unknown.  Machinery  of  all  kinds  is 
imported,  Germany  being  the  country  of  origin  of  probably  80  per 
cent,  of  it.  Agricultural  machiiuM  y  is  the  branch  which  shows 
the  greatest  capacity  of  development.  Oil  tractors  have  quite 
recently  beeji  introduced  for  ploughing,  and  are  attracting  very 
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W:it  interest,  and  ihoir  use  is  ciM-tnin  to  spr(""l.  United  Km^- 
<lom  tirins  niakiiig  a  jmm  foetid  type  ol  oil  or  steal"  tractor  ini^ht 
prohtaMy  follow  up  this  mat  tor.  Uoat  motors,  motor  riirs,  and 
lorries  are  also  in  demand  to  an  extent  which  is  worthy  of  att«'ti- 
tion.  Sawmill  machinery,  oil  mills,  and  flour  mills  aro  "，  request. 
The  first  is  at  present  entirely  supplied  by  Germany  ；  the  other 
two  by  Russia  or  Germany.  A  good  British  type,  if  well  intro- 
duced, should  find  a  fair  sale.  In  correspondence  with  local  firms 
the  Russian  language  should,  whenever  possible,  be  employed  ； 
German  is  fairly  widely  known,  but  English  is  very  little  used. 
Of  the  small  number  of  travellers  representing  British  firms  who 
find  their  way  to  Vladivostok  hardly  any  have  a  knowledge  of  the 
language  of  the  country  ；  the  consequence  is  that  they  are  obliged 
to  rely  upon  indifferent  interpreters,  and  are  thus  very  heavily 
handicapped. 


NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd,  Address 
" Mechanical  Engineer^  53，  New  Bailey  Street,  Manchester. 

MECHANICAL,  1912. 

Utilisation  of  peat,  lligby,  Testmp,  &  Wetearbonising,  Ltd. 
25146. 

Couplings  for  pipes,  rods,  and  shafting.    Barber.    29991 . 

1913 

1  nternal-combustion  engines.    Aslatt.  258. 

Brake  and  reversing  gear.    Horsley,  and  Daimler  Company.  2480. 

Large  capacity  feed-water  heater.  Soc.  Anon,  pour  la  Construc- 
tion de  Rechauffeurs  d'Eau  a  Grand  Volume.  249fi. 

Machines  for  concentrating  and  separating  ores.    Wynne.  2564. 

Apparatus  for  measuring  and  recording  the  flow  of  fluids.  Pater- 
son.  2569. 

Apparatus  for  measui'ing  vapours,  gases,  and  liquids.  Liese. 
2o97. 

Superheaters.    Stenning.  268o. 

Valve    mechanism    for    internal-combustion    and    like  engines. 

Thomas.  2763. 
Mechanical  lubricators.    Hine.  2792. 

Carburetters  for  internal-combustion  engines.  vSenemaud.  2794. 
Clutches.    Senemaud.  2795. 

Double-acting  four-stroke  cycle  engines.  Freclerickson  &  Stenger. 
2896. 

Clutch  mechanism.    Hensmans.  2909. 

Ash  ejectors  for  ships.  G.  &  J.  Weir,  Ltd.,  and  Petermoller. 
3176. 

Machine  for  rolling  metal  bars  of  cruciform    or   other  section. 

Strathern.  3301. 
Automatic  temperature  regulator  with    adjuster   and  indicator. 

O.  M.  Hemple  and  Fink.  3321. 
Steam  traps.    Justice.  3345. 

Apparatus  for  softening  or  purifying  water.    Anderson.    3504 . 
Methods  of  raising  and  forcing  liquids  and  nppnratus  therefor. 
Joy.  3653. 

Motor-road  vehicles.    Mellersh-Jackson.  3765. 

Machine  for  cutting  and  flanging  circular  sheet-metal  plates. 
Siddle.  4122. 

Four-stroke-cycle  internal-combustion  engines.  MacDonald.  4342. 
Speedometers.    Per  rot  &  Matthew.  4754. 

Carburetters  for  i  n  tern  a  1-comb  u  st  i  on  engines.  Welsh ,  and  Thom- 
son-Bennett, Ltd.  4789. 

Carburetters  for  internal-combustion  engines.  Mumford  and 
Boothroyd.  4911. 

Governing  of  internal-combustion  engines.  Blackstone,  Carter, 
and  Carter.  5107. 

.Process  and  apparatus  for  producing  tungsten  in  malleable  form. 
Ganello.  -5150. 

Internal-combustion  engines.    Neute.  5722. 

Manufacture  of  driving  belts.     Ruclge-Wliitworth,   Ltd.,  Pno;h 

and  Blair.  6718. 
Slotting,  shaping,  and  planing  machines.    Liebert.  0978. 
Connecting  rods  for  multi-cylinder  internal-combustion  engines. 

Boyle,  Boyle,  Red r up,  &  ； Redrup.  7111. 
Rotary  pumps.    Allan.  7126. 

Apparatus  for  scraping  fuel  economisers.    Green  &  Tansley.  7765. 

Carburetters  for  paraffin.    Pink  &  Holloway.  7767. 

Apparatus  for  effecting  intimate  contact  of   liquids  and  gases. 

Kirkham,  Hulett,  &  Chandler,  Ltd.,  and  Hersey  &  Blake. 

7958. 

Frictional-locking  hydraulic  clutches.    Rich.  8025. 
Portable  drills.    Wade.  8292. 

Tjihricators  for  pn'pumatie  or  other  fluid-operatod  tools.  Wakofield. 
9/500. 


V;ilv«'s  lor  ;i  ！  v  coinpr  c.ssor.s  a n<l  p'mips.    Taylor.    ！) *  U  I . 
Kor<rin-;  of  crank  sluiits.     Kairw^iitluM-.  11)703. 

1  nlt'Duil  conilxistioii  engines.     Dauchor  &  Favorit  V''rgas('r  ("'s. 
I  l(i"0. 

(、>ml»ii"'(l  roupliiigs  ami  valves  tor  tluids.      lOsso    tV:  Greatlunl. 
12150. 

Sniokclcss  comltustion  of  fuol  in  boiler  furnaces.  (iruojnMild. 

Cooling    vaporisers    and    comljustion   chambers  of  oil  onginos. 

(Wsley  &  Webb.  12321. 
Cutter- holders  of  coal-cutting  machines.    Eckprsl«\v.  12380. 
Fii("    injectors    for    intern  alcombustion    engines.  Moussiaux. 

12811. 

Blastfurnace  and  other  tuyci'os.    Hnrnyeat,  Moncur,  Sihhakl.  and 

Lochhoad.  138.38. 
Mechanical  forging  hammers.    Comb  aire.  14148. 
Device  for  preventing  accidents  in  coal  and  other  mines  duo  to 

over-winding.    AVilson.  14195. 
Lever  mechanism  for  transmitting  I'otai'v  motion.      David  and 

Williams.  15015. 
Manufacture  of  chains.    Theilo.  15848. 

Magneto- electric    ignition     apparatus    for  internal-conil)ustion 

engines.    Hardingham.  KioGG. 
Method  of  treating  steel  and  iron  in  the  manufacture  thereof. 

Gostling.  17869. 
Reversing  gearing.    Anderson  &  Slater.  18646. 
Rotary  compressors,  exhausters,  and  l)loAvers.    Sang.  19570. 
Producing  peat  fuel  or  coke.    Prioleau  &  Priolean.  20608. 
^famitaoture  of  steel  car  wlieels.    Keithley.  20747. 
Internal-combustion    engines.      F.  E.  Baker,  Ltd . ,  and  Ba kor. 

20750. 

Rotary  pumps.    Siemens  Bros.  Dynamo  Works,  Ltd.  20789. 
Worm-drive  for  motor-vehicles.    Morton.  21937. 
Lathes.    Ryder.  26675. 
Mioromoter  gauges.    Rivoal.  26781. 

ELECTRICAL,  1913. 

Electric  rontrollers.    British  Tliomson-Houston  Company.    2  UH. 
Electrical   switches.      William    ^ft-Geoch   &    Co.   and  ^rcGooch. 
2758. 

Magnetic  separators.    Bowes,  Scott,  &  Western,  Ltd.,  and  Dalg- 
leish.  3046. 

Electric  measuring  instruments  of  the  thermal  tvpe,  Everett  and 

Kdgcumbe.  3110. 
Electric  motors  particularly  adapted  for  hoisting  purposes.  Otis 

Elevator  Company.  32">0. 
Apparatus  for  heating  liquids  electrically.     K.  P.  H.  Syndicato, 

Ltd.,  and  Kratt.  3370. 
^fa^azine   arc   lamps.      Brockio,  and  Johnson  &  Phillips,  Ltd. 

4926. 

Electric  arc  lamps.    Engineering  &  Arc  Lamps,  Ltd.,  and  Dow- 
dell.  8301. 

Electrical  fuses  of  the  plug  type.    Paiste.  15760. 

Method  of  insulating  electrical  conductors.    Heany.  18517. 

Magneto-electric     ignition     machines     for     inter  iial-ooml)ust  ion 

engines.    Ansclmtz.  2*2527. 
Klectricity  meters.    Korting  &  Mathiesen  Akt.-Ges.  27877. 


METAL  QUOTATIONS. 

TUESDAY,  FEBRUARY  24th. 

Aluminium  ingot    86/-  per  cwt. 

,,         wire,  according  to  sizes,  &c  from  112/-  ，， 

,,         sheets        ，,  "    "  112/-  ，， 

Antimony   £27/10/-  to  £29/10/-  per  ton 

Brass,  rolled   7^d.  per  lb. 

,' tubes  (brazed)   9Jd.  ，， 

,,       ，，     (solid  drawn)   8^d.  ,, 

，,       ，,      wire    7|d.  ，, 

Copper,  Standard   £64/12/6  per  ton. 

Iron,  Cleveland   50/6  ，, 

，' Scotch     50/ (i  ，, 

Lead,  English    £19/17/0  ，， 

,， Foreign  (soft)    £19/12/6  ,, 

Mica  (in  original  cases),  small   6d.  to  3/ -  per  lb. 

„  „  '，       medium   3/6  to  0/-  ,， 

,,  "  ，，       large   7〉6  to  11/- ,， 

QuicksilTer   £7/10/-  per  bottle 

Silver   26fd.  per  oz. 

Spelter    £21/8/9  per  ton. 

Tin,  block   £175/15/-  ，， 

Tin  plates     13/4 J  ,, 

Zinc  sheets  (Silesian)   £25/-/-  ,， 

(Stettin  ；  Vieille  Montagne)   £25/2/0  ,, 
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 FLEXIBLE= 

METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,    Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  (2) 


ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD  OFFICE: 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
Works :   PONDERS   END,  MIDDLESEX. 

Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 

The  "  PERFECT"  VISE 


e.  Dept.       J.  PARKINSON  &  SON,  SHIPLEY,  YO  RKS 

Fowler's  Mechanics  &  Machinists' 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 

The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  thousands  were  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 
Price  8d.  post  free. 

SCIENTIFIC   PUBLISHING  COMPANY, 

53.  NEW  BAILEY  STREET,  MANCHESTER. 


Telegrams  ：  "Scientific,"  Manchester. 
Telephone  No.  6655  City. 


SUBSCRIPTION  RATES. 


United  Kingdom  ：  12/6  per  annum,  post  free. 

Canada :  14/6  per  annum,  post  free. 

Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21./-*       ，，  ，，          Thick  ，， 

*  Foreign  Remittances  by  International  Money  Order  only. 

Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  he  mad"  payal>]^  to  th,'  Sci.'iit ific 
Publishing  Company,  and  forwarded  to  our  Manchester  Office, 
53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Autogenous  Welds  in  Boiler  Repairs. 

The  current  issue  of  11  Vulcan  "  gives  some  illustrations  taken 
from  the  report  of  the  Brussels  Association  for  the  Inspection 
of  Steam  Boilers  which  are  very  instructive  as  showing  the 
dangers  that  may  arise  from  the  indiscriminate  use  of  auto- 
genous welding  in  vessels  subject  to  internal  pressure.  For 
a  multitude  of  purposes  autogenous  welding  is  exceedingly 
useful,  and  is  extensively  applied  in  connection  with  boiler 
repairs.  There  are,  however,  limits  to  its  application,  and 
we  know  of  many  cases  where  it  has  been  applied  to  remedv 
certain  kinds  of  defects  such  as  grooving,  and  where  subse- 
quent working  has  shown  that  it  was  a  palliative  and  not  a 
cure,  inasmuch  as  the  repair  did  not  relieve  the  stresses 
which  were  the  primary  cause  of  these  defects.  On  the  other 
hand,  it  has  been  extensively  employed  to  compensate  for 
wasting  due  to  corrosion  with  very  good  results.  It  is,  however, 
more  particularly  in  the  making  of  ordinary  forged  welds 
that  autogenous  processes  call  for  supervision  and  judgment, 
since  it  may  be  so  easily  resorted  to  to  cover  up  bad  con- 
struction or  bad  workmauship.  In  the  illustrations  >liown  in 
our  contemporary  one  of  the  square  boxes  of  a  superheater 
had  not  been  forged  as  it  ought  to  have  been  out  of  a  solid 
drawn  round  pipe,  but  had  been  constructed  out  of  two  angle 
bars  united  along  their  edges  with  autogenous  welds,  so  as  to 
form  a  rectangular  box  of  square  section.  According  to  the 
report  the  development  of  some  defects  led  to  the  box  being 
taken  out  and  tested.  The  results  were  rather  startling. 
The  writer  of  the  report  says  that  after  disconnecting  a  short 
branch,  which  had  been  autogenously  welded  on,  by  a  single 
blow  from  a  sledge  hammer,  'we  commenced  to  ham mer  lightly 
on  the  anvil  one  of  the  angles  at  the  end  of  the  square  section 
of  the  main  box.  After  several  blows  this  connection  became 
detached,  and  it  was  found  that  the  welding  was  only  effec- 
tive over  a  very  small  fraction  of  the  nominal  thickness  of 


tour  millimetres.  At  the  same  lime,  the  weld  connecting  the 
two  angle  pieces  gave  way,  where,  again,  it  was  found  that 
the  weld  was  only  good  over  a  fraction  of  tlie  thickness. 
Another  box,  which  had  also  been  taken  out,  was  then  ham- 
mered at  one  of  the  welded  angles  near  the  middle  of  its 
length,  and  after  about  20  light  blows,  it  was  observed  that 
although  the  welding  appeared  to  liold  good  at  the  part  】iam- 
inered,  it  gave  way  at  both  sides  of  that  part."  The  report 
adds,  in  conclusion,  that  the  weld  apparently  "  never  connected 
more  than  a  small  part  of  the  thickness,  although,  viewed  on 
the  inside,  drops  of  spilled  metal  were  visible,  which  made 
it  appear  as  though  the  whole  thickness  had  been  covered 
by  the  welding."  The  danger  of  too  great  a  reliance  on  auto- 
genous welding  is  obviously  recognised  by  the  boiler  inspect- 
ing authorities  in  Belgium,  which  are  under  Go\ern meat  con- 
trol, for  a  Ministerial  circular  has  been  issued  which  "for- 
bids the  use  of  autogenous  welding  in  the  construclion  of 
boilers  or  in  extensive  repairs." 


Advertising  for  Engineering  Services. 

A  stkongly-avorded  circular  letter  has  been  addressed  by 
the  Institution  of  Civil  Engineers  to    its   members  calling 
attention  to  a  practice  pursued  by  certain  local  authorities 
when  engineering  schemes    are    under    consideration.  It 
appears  to  be  customary  for  them  to  advertise  in  the  Press 
requesting  engineers  to  submit  their  terms  for  preparing  plans 
and  proposals,  accompanied,  then  or  at  a  later  stage,  with  esti- 
mates of  tlie  cost  of  the  works,  the  authorities  in  question 
evidently  regarding  such  professional  service  as  they  would  a 
contract  for  materials.     The  action  of  the  Council  in  condemn- 
ing such  a  proceeding,  not  only  as  undesirable,  in  the  best  in- 
terests of  the  public  authorities  themselves,  but  as  derogatory 
to  the  engineering  profession,  will,  we  are  sure,  be  supported  by 
every  fair-minded  person  who  gives  impartial  consideration 
to  the  matter.    The  value  of  professional  engineering  services 
cannot,  like  material  goods,  be  measuced  in  feet  and  inches 
or  pounds  avoirdupois,  and  attempts  to  do  so  must  inevitably 
degrade  the  service.    If  a  quoted  price  for  such  work  is  to 
replace  qualifications  and  experience,  as  the  practice  implies, 
imsrrupulous  candidates  in  such  a  competition  begin  to  think 
of  doors  leading  to  other  practices  which  compensate  for  any 
sacrifice  of  reniuneration  they  may  make  to  secure  the  work, 
and   wliich   more   honourable   men   would   disdain '.      In  a 
word    the   practice    is    a  temptation  to  the  inefficient  and 
weak  practitioner  and  a  handicap  on  the  well-qualified  and 
independent  one,  and  we  are  glad  that  the  Council  have  not 
hesitated  to  express  publicly  the  repugnance  they  feel  with 
regard  to  it.    We  trust,  too,  that  their  intimation  of  the  action 
they  have  taken  to  the  Local  Government  Board  may  not  be 
without  result  in  bringing  home  to  the  pul^lic  a uthorities  who 
have  resorted  to  tlie  practice  in  question  an  a(l('(|uate  sense 
of  its  iniquity,  and  fiirther,  tlwit  everv  nieJiilifT  of  the  Insti- 
tution will  suj)port  the  Council  in  declining  to  respond  in 
any  way  to  such  advertisements  as  those  alluded  to. 


Emergency  Hospitals  for  Industrial  Works. 

We  have  had  on  many  occasions  to  comment  ujjou  the  reckless 
disregard  of  life  and  limb  that  has  in  the  past  characterised 
industrial  life  in  the  United  States,  and  it  is  therefore  but 
meet  that  we  should  bear  equal  witness  to  the  generous  and 
even  lavish  manner  in  wliicli  many  of  its  large  industrial  firms 
are  now  endeavouring  to  reduce  not  only  the  risk  of  such 
in  juries  by  better  supervision  and  the  equipment  of  safety 
appliances,  but  also  to  minimise  the  inevitable  suffering  when 
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accidents  do  occur.    In  our  last  issue  W3  drew  attention  to 
the  remarkable  imj)rovemeiits  in  the  safety  of  .working  of 
locomotive  boilers  which  had  followed  from  the  institution 
of  a  system  of  State  inspection.    Since  then  we  have  received 
the  December  Bulletin  of  the  Americnn  Iron  and  Steel  In- 
stitute, wliich  is  devoted  to  an  illustrated  account  of  what 
are   termed   in    the   States  industrial   emergency  liospitals, 
and  which  are  now  being  erected  there  in  many  large  works 
for  the  purpose  of  rendering  efficient  first  aid  in  the  event  of 
injury   to   workmen.      In  conjunction  with  these  hospitals 
first  aid  squads  recruited  from  the  working  staff  are  trained 
to  give  assistance  similar  to  that  rendered  by  members  of  the 
St.  John's  Ambulance  in  this  country,    and    which  often 
proves  so  valuable  in  diminishing  the  suffering  of  patients 
pending  the  treatment  of  their  injuries  at  a  skilled  centre . 
If  this  is  at  any  distance  it  is  a  serious  handicap,  for  in 
numerous  cases  prompt  attention  at  the  hands  of  a  skilled 
surgeon  greatly  facilitates  recovery,  while  lack  of  it  may  cause 
a  comparatively  minor   injury   to   end    fatally.      For  this 
reason  travelling,  even  under  the  best  conditions,  is  in  many 
cases    objectionable.      Obviously    even    the    smallest  hos- 
pital    equipped    with    modern    appliances    and    having  a 
skilled  surgeon  and  nursing  attendants  is  an  expense  that 
can  only  be  borne  by  large    industrial    corporations,  and 
America  offers  more  opportunities  and  probably  has  greater 
need    of    them     than    this    country.       Be    that    as  it 
may,  the   illustrations    and    descriptions    in    the  Bulletin 
of  a  number    of    emergency    hospitals    which    have  been 
erected  in  connection  with  various  large  steel  and  iron  works 
bear  testimony  to  the  exceeding  thoroughness   with  which 
tliey  have  been   sdiemed   and  equipped,   everything  being 
of  the  most  up-to-date  character    as   regards  sterilisation, 
X-ray  apparatus,  and  all  the  other  refinements  of  latter-day 
surgery,  so  that  an  injured  workman  is  assured  of  receiving 
prompt  and  highly-skilled  assistance  without  the  risks  inci- 
dent to  transit  over  a  long  distance,  and  with  the  assurance 
that,  if  necessary,  he  will  not  be  called  upon  to  endure  this 
until  he  can  do  so  safely. 


SMOKE  WASHING  PLANT  FOR  LOCOMOTIVES. 

To  meet  the  requirements  of  the  smoke  abatement  ordinances 
of  Chicago,  the  Lake  Shore  and  Michigan  Southern  Railway 
has  recently  equipped  its  roundhouse  in  that  city  with  a 
smoke-collecting  and  washing  system,  and  we  are  indebted  ft>r 
the  following  particulars  and  illustration  of  the  plant  to  our 
American  contemporary,  the  "  Railway  Review."  In  arran^- 
itii(  the  plant  provison  was  made  for  dealing  with  the  stark 
gases  from  about  two  dozen  locomotives.  The  smoke  duct  is 
arranged  in  the  roof  trusses  of  the  building,  as  shown  in 
Fig.  2，  and  is  made  of  Transite,"  tliis  material  being  selected 
l)('<-ause  of  its  imperviousness  to  the  corrosive  actioji  of  the 
gases  emitted  frurn  the  locomotive  stacks.  ComnM-t  io^  wit  It 
i  1 1  e  main  duct,  wliicli  varies  from  3ft.  diaii).  at  the  vxi  reiii° 
t» n ( I s  to  6ft.  at  tlie  washer,  are  a  series  of  24in.  branrhes,  one 
for  each  stall,  whirh  coiuiect  with  tlie  locomotive  stacks 
t  lirougli  t  lie  irHH.Iiuin  of  telescopic  jacks.  The  weight  of  t  he 
latter  in  vi\<'\\  cast*  is  t'uiinterweiglited  bv  means  of  a  lever 
it)  the  outer  end  of  which,  \Wi\v  t  he  wall  of  tlu'  Ixiildin^,  is 
； i  Hue'  reaching  clown  to  th©  floor,  and  by  means  of  wliicli 
the  jacks  can  be  lowered  to  make  a  close  connection  with 
the  stack,  or  may  be  lifted  therefrom  as  required .  Operating 
in  harmony  with  the  raising  and  lowering  of  the  hood  is  a 
damper  which  closes  off  the  uptake  when  same  is  not  in  use, 
tliereby  improving  the  quality  of  the  induced  draught  through 
such  other  jacks  as  may  be  in  use. 

The  gases  collected  by  the  smoke  duct  above  referred  to 
arc  drawn  through  a  motor-driven  exhausting  fan,  wliich  in 
turn  forces  them  through  a  triple  discharge  pipe,  the  termini 
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of  wliicli  are  below  wfitei*  level  in  inverto) 
Tlics(，  hoods  aro  s()  ； j  rran^cd  t  hal  the  <^ms<'s 
stark,  inusi.  pass  t  hrough  a  w;it(、r  hal  h  whic 


tubs  or  hoods, 
in  reaching  t  lie 
acts  to  remove 


VHi.  1.     I'l.AN  ！ SHOWING  Ivlil.ATIoN  OF  S.M»>K  1： ■  WASHI N<;  PLANT  TO  l?OUND  H'-Usi: 

and  Heating  Pi^ant. 

tlic  solid  mat  t  or,  as  well  as  portions  of  the  objectionable 
tunics,  before  allowing  them  to  reach  the  atmosphere.  From 
the  illustration,  Fig.  3，  it  will  be  seen  that  the  washing 
apparatus  consists  of  a  concrete  vat  or  tank  22ft.  by  32ft.  out- 


Fig.  2.— Roof  Stuuctutik  showing  Position  of  Smoke  Duct 

side  dimensions.  Concrete  partitions  divide  this  tank  trans- 
versely into  three  compartments  of  approximately  equal  size. 
A  branch  of  the  discharge  pipe  is  led  into  each  of  these 
compartments.  The  water  in 
the  tank  being  maintained  at 
a  lii^her  level  than  the  tops 
of  iliese  pipes,  the  gases  are 
lirouolit  into  intimate  contact 
t  herewit  h.  After  this  initial 
iuunersion  they  enter  into  an 
invertod  tub  whose  edges  are 
likewise  below  water  level,  and 
to  escape  which  they  must 
a^ain  pass  through  the  bath. 
Escaping  the  inverted  tub 
t  lu'V  an'  collected  by  means 
of  a  liood,  the  edges  of  whicli 
also  extend  down  into  the 
water  in  each  of  the  three 
(MHiijia ft  menty,  and  are  thereby 
(•"n(iuH  ih!  t  hrou^h  a  60ft. 
stack  to  t  lie  atmosphere. 

To  facilitate  the  close  inttM'- 
mingling  of  the  gases  and  the 
water,  live  steam  is  blown  into 
the  discharge  pipes  at  points 
near  the  entrances  to  the  tank 
in  such  quantities  as  to  keep 
the  water,  with  the  aid  of  the 
pressure  of  the  gases  them- 
selves, in  a  state  of  violent 
agitation.    Wat^r  is  admitted 


to  each  of  the  three  coiiipartnientH  as  m''' 山' （1  t hron^li  a  :Siii. 
line,  and  likewise  a  (Jin.  rlrain  ")  ，li"  sever  i、  |'rmi'"'d  in 
each  case.    At  one  end  of  the  vat  is  an  overflow  also  ton 
Meeting  wit  li  t  he  s (！ vvfM-.     Tlie  smoke  duel ,  l)'wmm;,  、li''ril  , 
after  it  leaves  the  fan,  the  hoods,  and  other  parts  wit  liin  t  li*- 
t  ank    and    likewise  the  stack  are  of  wood  const  met  ion,  it 
having  been  found  advisable  to  substitute  wood  for  steel 
was  used  in  ilie  early  experiments,  owing  to  tlie  hftt tf-r  n<-'\<i 
resisting  qualities  of  the  former  material .     I  n  t  lie  stack  is 
placed  a  series  of  baffles,  tlie  purpose  hein^  i o  airest  ； is  rniu  li 
as  possible  any  tendency  of  tlie  condensation  to  be  carried 
out  with  the  gases. 

I  n  the  course  of  a  day's  operation  with  from  20  to  22 
engines  in  the  roundhouse,  an  average  of  about  10  barrels  of 
residue  is  skimmed  off  the  surface  of  tlie  water  in  tlu*  val . 
This  is  placed  in  barrels  having  perforated  bottoms,  allowing 
quantities  of  the  moisture  to  drain  ofT,  after  whicli,  wit  li  tli'' 
residue  approximately  dry,  the  contents  of  the  10  barrels  (； 。' 
be  reduced  to  the  volume  of  three,  which,  at  501bs.  per  barrfl , 
results  in  the  collection  of  something  like  1501bs.  of  solid 
matter  each  day.  Analysis  of  this  material  has  shown : 
Carbon  82'6  per  cent.,  sulpliur  2'6  per  cent.,  water  (in  com- 
bination) 3*9  per  cent.,  iron  oxide  8*7  per  cent.,  silicon  1"8 
per  cent.,  other  materials  0  4  per  cent.  While  no  commercial 
disposition  of  tliis  product  has  as  yet  been  arranged  for,  tlio 
matter  is  being  investigated,  and  it  is  anticipated,  among 
other  things,  that  use  can  be  found  for  it  as  a  paint  pigment, 

it  being  over  80  per  cent,  pure 
car})on,  or  lampblack. 

Aside  from  complete  success 
in  eliminating  smoke  and  t  In- 
possible  utilisation  of  the  by- 
products of  this  process,  the  ex- 
pense of  construction  and  opera- 
tion of  the  plant  is  neutralised 
to  a  considerable  extent  by  virtue 
of  the  fact  that  engines  can 
and  are  fired  up  without  the  use 
of  the  blower.  Experiment  lias 
shown  that  it  takes  from  7501bs. 
to  9001bs.  of  steam,  involving  the 
burning  of  about  1501bs.  of  coal, 
to  get  up  steam  on  tlie  averaga 
locomotive.  With  this  expense 
takeu  over  by  the  siiioke-waslii;!'/ 
system ,  the  cost  of  operating 
the  latter  is  diminished  i，i  ])ro}»ortion  to  the  mu' 山 （t  of  loco- 
motives fired  up,  whicli  at  many  terminals  would  amount  to 
a  very  considerable  item. 


、'' 'J'  Csr  fhxring 
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Fig -  3.— AmiANciEiiiiNT  of  CoNtUEXt;  Vat,  Huous,  and  Stack  at  biiOKU-WAbinsu  1'lan  r 
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BREAKDOWNS  OF  STATIONARY  ENGINES* 

BY  MICHAEL  LONGRIDGE?  VICE-PRESIDENT. 

(Coiichuhd  from  page  190.) 

Pistons  and  Piston  Rods.  ―  Previous  to  1899  breakdowns 
originating  in  pistons  averaged  2  5  per  cent,  of  the  total 
breakdowns.  Since  then  the  average  has  been  4'8.  The 
rise  came  suddenly  soon  after  the  rise  of  steam  pressure  to 
1601bs.，  but  I  do  not  know  that  there  is  any  connection  be- 


Fig.  15. 

tween  tlie  two.  During  the  last  three  years  47  per  cent,  of 
these  breakages  have  been  caused  by  stray  screws,  or  bolt's, 
or  broken  rings,  17  per  cent,  by  water,  and  the  rest  in  various 
ways.  When  the  substitution  of  plain  pistons,  with  cast-iron 
rings  strung  into  grooves,  for  pistons  with  junk  rings  and 
fancy  packings  is  complete,  breakdowns  from  piston  breakages 
will  be  halved. 

Breakages  of  piston  rods  occur  nearly  always  at  the  cotter- 
holes  at  the  cross-head  end,  and  are  due  to  concentration  of 
stress  at  the  edges  of  the  cotter-holes ?  as  explained  by  Dr. 
Unwin  on  page  223  of  Part  II.  of  his  il  Machine  Design," 
1912  edition.  I  endorse  his  explanation,  and  Figs.  15  and 
16  afford  convincing  proof  that  cotters  do  bend  in  the  way 
indicated  by  the  drawing  in  his  book.  These  figures  are 
from  photographs  of  two  pairs  of  folding-wedges  from  the 
piston  rods  of  two  old  beam  engines  after  exhibitions  of  water 
in  the  cylinder.  I  would  have  shown  single  cotters,  such  as 
are  generally  used,  but  I，  unfortunately,  have  none  by  me  at 


Fig.  16. 

tlie  moment  ；  moreover,  I  am  not  sure  that  folding-wedges 
are  not  preferable  to  single  cotters,  because  a  piece  with 
parallel  sides  is  easier  to  fit  accurately  than  a  tapering  wedge  ； 
but  if  they  be  used,  it  is  clear  that  the  position  of  the  pieces 
shown  on  the  screen  should  be  reversed,  the  broad  piece 
should  bear  on  the  rod，  and  the  narrow  on  the  crosshead. 

Connecting  Rods.  ―  Fractures  in  connecting  rods  occur 
generally  at  the  ends  which  couple  the  rods  to  the  crank  pins, 
or  crosshead  centres  ；  sometimes  in  the  forks,  when  the  cross- 
head  ends  are  forked  ；  and  rarely  in  the  bodies  of  the  rods. 

*  Lecture  delivered  before  the  Graduates'  Association  of  the  Institution  of 
Mechanical  Engineers,  on  February  9tli,  1914. 


The  commonest  types  of  end  are  the  box  end  or  closed  eye, 
Fig.  20  ；  the  open  strap  secured  by  jib  and  cotter,  Fig.  19; 
and  the  marine  end  with  cap  and  bolts,  Figs.  17  and  18.  Of 
the  three  the  marine  end,  Figs.  17  and  18,  is,  in  my1  ex- 
perience, the  least  safe,  because  of  tlie  frequent  breakages  of 
the  cap  bolts,  usually  at  the  junction  of  the  head  and  shank, 
or  at  th©  screw  thread.    The  principal  causes  of  these  break - 


Fig.  18. 


ages  are  repetitions  of  stress  or  blows,  abrupt  changes  of 
form,  cross-bending  stresses  produced  by  the  inertia  of  the 
rods.  The  antidotes  are,  for  the  first，  probably  spare  bolts, 
to  give  alternate  periods  of  rest  and  service.  Annealing  is 
risky  in  unskilled  hands.  For  the  second,  large  fillets  at 
junctions  of  heads  and  shanks,  gradual  reductions  of  dia- 
meters in  shanks,  and  threads  with  rounder  roots  than  the 
British  standards  ；  but  fillets,  cones,  &c.,  at  changes  of  sec- 
tion must  be  very  neatly  finished  where  they  merge  into  the 
cylindrical  parts,  and  threads  very  carefully  chased 9  especially 
in  steel,  to  leave  nothing  in  the  nature  of  cuts  or  scratches 
to  initiate  cracks.  Also  stifFer  palms  and  caps  are  often 
needed  to  prevent  deformations,  which  would  be  apparent 


Fig.  20. 


on  reference  to  an  india-rubber  model,  and  consequent  con- 
centration of  stress  on  one  side  of  the  bolt. 

For  the  third,  bolts  with  "〃v"  instead  of  dia tnrtfr.<v 
approximating  to  half  those  of  the  rod??  and  the  substitu- 
tion of  jaws,  Fig.  18，  long  enough  to  hold  at  least  one  of 
the  brasses,  for  palms,  Fig.  17.  Rods  like  Fig.  17  should 
be  taboo,  for  it  is  easy  to  imagine  the  effect  of  a  cross- 
bending  stress  if  there  be  any  wear  or  slackness.  Bolts  of 
small  engines  are  more  heavily  strained  by  this  stress  than 
lat-ge,  because  the  ratio  of  their  length  to  their  diameter 
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cul)cd  is  grrafcr.  For  ('on  ii(m"  i""'- rod  holt  s  w  rou^ht-  iron  is 
a  safer  material  lluin  si  cel.  (  )|kmi  straps,  Fig.  s('('m('(l  i>y 
jihs  and  cottors  are  hut-  little  safer  t  lian  marine  ends.  Tli(l 
j;iws  of  tlie  cotiors  wear,  the  st  raps  ()|>(''i  uiulcr  the  cro.  s 
IxMKlin^  stress  produced  by  t  in*  inert  ia  of  t  he  rod,  ； md  l>r(>;il<， 
^rncraliy  llirou^li  t  ho  oil  li<)l(、.  Kracfurf  alinosl  in  vari;il)l  v 
hf^ins  on  the  inside  siirfa('。，  and  wImmi  it  lias  extended  a  <'("•- 
A  B  .  C 
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tain  distance,  often  not  far  enough  to  be  visible  above  the 
flange  of  the  brass,  the  strap  breaks  and  opens  out.  Never 
trust  a  strap  till  you  have  seen  the  inside  surface.  Open 
straps  should  be  kept  closed  on  the  butts  of  the  rods  by  bolts 
in  place  of,  or  in  addition  to,  the  jibs. 

Of  the  three  forms,  the  box  end,  Fig.  20，  is  undoubtedly 
the  most  reliable.  Fractures,  wlien  they  occur,  usually  com- 
mence, as  in  the  straps,  on  the  inside  surface  at  the  hole  for 
the  lubricator,  but  extend  slowly  enough  to  be  discovered 
before  the  rod  gets  free.  Amcng  more  than  6,000  break- 
downs of  engines  of  various  kinds  I  can  only  find  one  where 
fracture  of  a  wrought-iron  or  steel  box-end  caused  damage 
to  an  engine,  and  this  was  the  fault  of  the  engine-tenter,  for 
the  fracture  had  be'en  visible  on  the  outside  surface  of  the  end 
as  far  as  the  lubricator  hole  some  time'  before  the'  rod 
gave  way. 

Crank  Pins. ― The  history  of  crank  pins  has  been  very 
hke  that  of  cylinders,  showing  a  rising  percentage  of 
lu-eakages  culminating  in  Ihe  five  years  1894-1898,  and  then 
falling.  The  rise  was  due  to  bad  designing,  improper 
methods  of  fixing,  and  overloading :  the  fall  to  the  more 
geuei-al  adoption  of  the  riglit  method  of  fixing,  combined 
、、'ith  reduction  of  stress.  In  my  early  days  stresses  of 
12-0001bs.  to  14,0001bs.  per  square  inch  were  oonimon,  and 
stresses  of  50  per  cent,  higher  were  frequently  met  with. 
Samples  of  the  old  designs  and  methods  of  fixing  are  shown 
"、 Fig.  21.  In  Fig.  21  A，  B，  C，  and  D  are  examples  of  pins 
with  conical  or  cylindrical  shanks  fitted  into  the  cranks  and 
secured  by  riveting,  screws  and  nuts,  or  cotters  They 
usually  broke  inside  the  crank-eyes,  because  the  fit  was  not 
accurate  enough  to  prevent  slight  movements,  which  、、oi'e  and 
enlarged  the  ends  of  the  crank-eyes  next  the  journals,  thus 
throwing  back  the  point  of  support  and  increasing  the  bend- 
mg  moments.      It  will  be  noticed  that  the  pins  were  put 


usu  ally  in  from  tlie  faces  o  t'  tin;  fin  nks,  so  that  tliey  could 
co me  out  and  wreck  the  engine  when  they  broke.  E  and  K 
are  also  typical  examples.  Tliey  have  nut  sharp  corners 
at  the  jiiiK-tious  of  the  journals  with  the  collar,  though  such 
were  not  unusual  ；  luit  tlie  fillets  provided,  ！' ,  in.  I  o  lin. 
radius,  are  too  small  to  be  effective.  Both  pins  were  of  i ; 
The  fractures  were  clue  to  bending  stresses.    Tliey  coiriiii*'iM  <-fJ 

at  the  parts  of  the  "mim 
ference  nearest  to,  and  furthest 
from,  the  crank  sliaft,  and  (  x 
tended  inwards,  as  shown  on 
the  shaded  part  of  G，  Fig.  2  ！ . 
The  lives  of  these  pins  w' r'' 
14$  and  104  million  revolu- 
tions, and  the  bending  stresses 
17,5001bs.  and  li,o0011)s.  |,'':. 
square  inch  respectively. 

The  breakage  of  I  f  1 1 1  h  y 
liave  been  entirely  due  to  t  lu- 
abrupt  change  of  (liamH'-i 
from  G:tMii.  to  Tin.,  for  piston 
rods  in  direct  tensile  st!''-- 
will  break  with  a  smaller 
change  than  is  shown  at  I . 
Fig.  21  ；  but  probably  it  was 
started  by  the  shearing  action 
of  the  edges  of  the  crank  eye 
when  cooling  and  contract inu' 
upon  the  pin.  Tlie  failure  of 
the  pin  J  can  be  attributed  to 
nothing  else  but  shear.  1 1 
was  made  of  steel,  of  60,0001  bs. 
tensile  strength,  291  per  cent, 
extension  in  Bin.,  60  per  cent . 
contraction  of  area,  and  a 
strip,  cut  out  of  it  after  tlie 
breakdown,  was  bent  cold 
nearly  double  without  ('rack- 
ing. It  broke  under  a  st  ！ -ess 
of  9,4001bs.  per  square  inch, 
after  5^  million  revolutions 
1  think  the  crank  shafl  s  1\ 
(Fig.  21)  and  L  are  similar 
cases.  The  stresses  and  lives 
were :  For  K,  8,2001bs.  per  square  inch  and  17  million  revo- 
lutions ； and  L,  5，0001bs.  per  square  inch  and  218  million 
revolutions  ；  the  longer  life  of  L  was  due  to  the  lower  stress, 
and  probably  to  a  lower  pressure  exerted  by  the  crank  in 
cooling.  I  do  not  think  the  effect  of  the  pressure  of  sharp 
edges,  or  even  of  scratches  in  starting  skin-cracks  in  SLeel , 
or  the  almost  inevitable  extension  of  such  cracks  under  re- 

WROUGHT  -  IRON  SHAFTS. 


1 

^—s  

in  >t 

V///////A 

- - 7i  - - 

>• 

1  1 

STEEL  SHAFTS. 

8Doo  iaooo 

STRESSES    LB  PER  5Q. 

FXGS.  '22  AND  23 


UJ0O0 


current  stresses,  is  sufficiently  appreciated.  About  scratches 
I  shall  say  a  few  words  presently.  Of  shrinkage,  T  say  witl*- 
out  hesitation  that  the  portion  ut'  the  internal  piece  upon 
which  an  external  piece  is  to  contract  should  be  of  larger 
diameter  than  the  adjacent  portions,  and  that  the  external 
piece  should  entirely  cover  the  enlarged  portion  of  the  in- 
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ternal.  M  (Fig.  21)  shows  how  a  crank  pin  should  be  put  in, 
while  N  and  O  show  the  proper  method  of  shrinking  a  piece 
upon  a  shaft.  It  is  to  the  adoption  of  this  principle  by  many 
engine  makers,  combined  with  reduction  of  working  stress  to 
8，0001bs.  or  9,0001bs.  per  square  inch,  that  the  reduction  in 


Fig.  24. 

the  number  of  crank-pin  breakages  must  be  attributed.  The 
failure  depicted  in  P  is  one  of  those  things  "no  feller  can 
understand/' 

Crank  Shafts. ― The  majority  of  mill  engines  have  plain 
shafts  with  overhung  cranks  carried  in  two  bearings.  In 
1879  these  shafts,  except  a  few  old  ones  of  cast  iron 
and  a  few  new  ones  of  4isteel，  were  of  wrought  iron.  Now 
nearly  all  are  of  mild  steel.  I  think  most  of  the  breakages 
may  be  ascribed  to  gradual  disintegration  by  wear  and  tear, 
and  vibration  of  spur  gearing,  or  to  the  extension  of  small 
flaws  or  cracks  existing  in  the  interior  of  the  shaft  when  new， 
or  developed  upon  the  surface  afterwards  by  chilling  it  when 
hot.  The  duration  of  life  measured  in  revolutions  of  the 
engine  undoubtedly  bears  some  relation  to  the  stress,  but  it  is 
uncertain  what  this  relation  is.  I  have  been  able  to  get 
fairly  reliable  information  about  a  certain  number  of  broken 
shafts,  and  from  it  I  have  plotted  the  points  shown  on  the 
two  diagrams,  Figs.  22  and  23.  Fig.  22  refers  to  wrought 
iron,  Fig.  23  to  mild  steel  shafts.  In  both?  the  abscissae  re- 
present stresses  calculated  Rankiue's  formula,  and  the 
ordinates  length  of  life  iu  millions  of  revolutions  of  the 
engine.  Beyond  a  general  tendency  to  abbreviation  of  life 
by  increase  of  stress,  the  spots  show  nothing,  and  I  fear  the 
effects  of  repetitions  of  stress  are  here,  and  in  similar  statis- 
tics always  will  be,  obscured  by  the  other  causes  of  breakage 
T  have  mentioned,  and  the  difficulty  of  getting  accurate  in- 
formation about  shafts  which  have  worked  for  many  years. 


FiG.r25. 

I  would  like  to  describe  a  few  breakages  of  crank  shafts. 
The  first  case  is  one  of  the  disintegration  of  a  cast-iron 
shaft  by  wear  and  tear.  The  dimensions  of  the  shaft  are 
shown  in  Fig.  24.  It  belonged  to  a  pair  of  beam  engines, 
amd  was  put  in，  with  them,  in  1850.    In  1900  there  were 


several  slight  lo'ngit'udimil  cracks  in  both  necks,  and  in  ilio 
left-hand  neck  one  14in.  long,  which  was  said  to  have  been 
visible  for  twenty  years.  On  April  7th，  1910，  this  neck  got 
hot,  and  the  mill  liad  to  be  stopped  to  allow  it  to  cool.  On 
April  8th  it  ran  hot  again,  and  was  examined  in  the  evening, 
when,  besides  the  14in.  crack,  24  other  well-defined  cracks  of 
various  lengths,  up  to  5^in.,  were  visible,  all  longitudinal  in 
direction  and  situated  near  the  middle  of  the  bearing.  It 
then  transpired  that  the  neck  had  been  liot  in  1908，  and  had 
been  cooled  with  water.  It,  was  therefore  doubtful  wlieilier 
the  cracks  were  more  than  siirfaw  cracks  caused  by  the  wal-fr  ； 
but  having  regard  to  the  age  of  tlie  shaft,  it's  replacement 
was  advised.  The  decision  was  justified  when  the  shaft  was 
broken  under  the  tup.  The  fractured  surfaces,  shown  in  Fig, 
25，  did  not  coincide  with  any  of  tlie  longitudinal  superficial 
(•racks)  but  were  transverse  and  diagonal.  The  new  and 
white  fractures  were  caused  by  the  tuj),  while  the  dark  old 
fractures,  blackened  by  oil,  were  very  considerable  in  extent, 
and  showed  the  disintegration  of  the  interior  of  the  shaft 
by  age  and  wear.  The  right-hand  neck  showed  similar  black 
and  white  areas  when  broken .      Some  particulars  of  tlie 


Fig.  26.  Fig.  27, 


life  of  the  shaft,  m  far  as  they  could  be  ascertained,  may 
be  of  interest : —— 


1850  to 

1873  to 

1897  to 

1873. 

00 

1910. 

Millions  of  revolutions          , , 

70 

76 

41 

Initial  load  on  piston  . ,        . .  lbs. 

90,000 

56,300 

51,000 

Bending  stress  on  neck,  lbs.  [per  sq.  in. 

3,650 

2,270 

2,050 

Load  on  piston  at  cut-off     . . 

76,500 

30,800 

33,960 

Bending  stress  equivalent  to  bending 

and  torsion  by  llankine's  formula 

lbs.  per  sq.  i". 

3,750 

1,930 

1,580 

*Mill  sto])jK-(l  one  year  during  this  period. 

Total  life,  187  million  revolutions.  Average  stress,  2,7(X.Hbs.  per  square 
im'li.  * 

Fig.  26  shows  the  gradual  destruction  of  a  wrought-iron 
shaft  28  years  old,  during  the  last  four  years  of  its  life.  The 
first  crack,  probably  the  opening  of  a  cinder  mark  or  imper- 
fect weld  in  the  forging  was  seen  in  the  left-hand  neck  in 
October,  1888.  Tlie  development  during  the  following  three 
years  is  shown  in  the  figure.  In  1892  it  had  further  extended, 
and  there  was  also  another  crack  in  the  right-hand  neck,  of 
the  development  of  which  I  have  no  record.  The  cracks 
si i own  by  the  full  lines  are  on  the  part  of  the  circumference 
furthest  froin  the  crank  j>in,  those  shown  by  the  dotted 
lines  on  the  part  nearest  the  crank  pin.  The  stress  in  the 
sliaft  was  8,5001bs.  per  square  inch,  and  the  life  123  million 
revolutions. 

Wheu  speaking  of  crank  pins,  I  referred  to  the  effect 
of  scratches  or  skin  cracks  upon  steel,  and  I  want  to  illus- 
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tra((*  tli is  point.  Fig.  27  shows  the  crank  shaft  of  a  pair  of 
McNaughted  beam  engines  running  at  32|  revs,  jxt  minute. 
After  the  shaft  had  worked  nine  years,  a  very  interest 
crack  appeared  in  one  of  the  necks,  as  shown  in  Fig.  27.  For 
a  length  of  5}}in.  it  was  absolutely  straight,  without  t  he 
jagged  edges  a  crack  usually  presents,  and  followed  the  line 
of  a  circumferential  scratch,  such  as  might  have  been  inade 
hy  a  knife  held  against  tlie  revolving  shaft.  At  either  end  it 
ln-auclied  off  diagonally  for  a  length  of  2^in.，  each  extension 
having  tlie  normal  appearance  of  a  crack      L  marked  it  witli 


Fig.  28. 

a  centre-punch,  and  let  the  engine  run  on  It  ran  on  for 
four  months,  and  then  the  crack  began  to  extend  so  rapidly 
that  the  shaft  was  thought  to  be  unsafe,  and  was  replaced. 
The  stress  on  the  neck  was  about  7,5001bs.  per  square  inch, 
and  the  life  of  the  shaft  only  51^  million  revolutions. 

Fig.  28  shows  a  piece  cut  from  the  neck  of  a  steel  ？ haft, 
after  the  shaft  had  been  broken  by  a  tup.  The  shaft  was 
probably  new  in  1893.  The  neck  was  13|in.  diam.  and  26iu. 
long.  Test  pieces  cut  from  the  broken  shaft  gave  a  tensile 
strength  of  25*7  tons  per  square  inch,  a  yield  point  of  14.3 
tons  per  square  inch,  an  elongation  of  40^  per  cent,  in  2in., 
aud  a  contraction  of  area  of  60'3  per  cent.  In  1905  the  neck 
was  free  from  cracks,  but  in  1908，  when  the  next  examination 
was  made，  there  were  a  number  of  fine  marks  like  scratches, 
principally  in  a  circumferential  direction,  as  clean  as  if  cut 
with  a  knife.  One  in  particular,  about  7in.  from  the  fly- 
wheel end  of  the  neck,  was  18in.  long.  As  the  marks  were 
so  fine  and  clean,  it  was  hoped  that  they  were  nothing  more 
than  scratches,  or,  at  most,  skin  cracks  brought  out  by  heat- 
ing, and  as  the  shaft  was  very  lightly  stressed,  only  about 
4,5001bs.  per  square  inch,  it  was  allowed  to  run  on.  A  few 
days  later,  however,  the  engine  had  to  be  stopped,  as  black 
oil  appeared  inside  the  bore.  The  long  crack  was  theu  found 
to  have  extended  almost  continuously  round  the  neck,  follow- 
ing one  or  other  of  the  circumferential  scratches.  Fig.  29 
shows  a  piece  broken  off  the  shaft  and  magnified  about  four 
times,  which  clearly  shows  how  the  ？ mall  surface  scratches 
were  eating  into  the  steel.  The  cause  of  the  scratches  could 
not  be  ascertained. 

Spur  Gearing— About  1879,  when  horizontal  engines  of  800 
i.h.p.  to  1,200  i.h.p.  began  to  replace  beam  engines  of  half 
that  power  in  cotton  mills,  when  pitch-line  speeds  were  rising 
from  1,800ft.  to  2,300ft.  pr  minute,  loads  on  teeth  from 
10，0001bs.  to  18,0001bs.，  and  gear  ratios  from  2\  to  1  to  3  or 
3|  to  1，  an  epidemic  of  breakages  of  spur  gear  set  in.  Some 
20  per  cent,  of  the  eugiue  breakdowns  were  breakages  of 
spur  wheels  on  engine  crank  shafts,  and  the  pinions  driven 
by  these  wheels  broke  almost  as  frequently.  Many  of  these 
breakdowns  were  due  to  irregularities  of  pitch,  twisted  teeth, 
sinuosities  of  pitch  circles,  concentration  of  pressure  on  the 
"id  of  teeth  through  moveineiit  of  the  crank  shaft,  backlash 
from  the  momentum  of  rope  drums  on  second-inotion  shafts, 
and  other  faults  of  workmanship  and  use  common  to  old- 
pattem  moulded  wheels  and  to  old  engines.  But  the  damage 
was  not  confined  to  these.  Many  new  wheels,  as  good  as 
mechanical  skill  could  make  them,  with  teeth  moulded  by 
machinery,  spur  runs  cast  in  complete  circles,  and  macliined 
internally,  carried  on  crank  shafts  held  in  pedestals,  with 
brasses  adjustable  horizontally  as  well  as  vertically,  broke 
also. 


The.se  breakages  wer^i  usually  atlrihiitcd  to  "  vibration," 
" wear  and  tear,"  "  teetli  hearing  up  to  point "  ； mmI  -imilar 
effects  of  a  cause  ignored  ()r  not  (Jiscerned .  That  cause,  in 
my  opinion,  was  the  use  of  teeth  too  long  and  too  wide  to 
" correspond  with  their  environment, M  the  most  important 
fact  of  that  "  environment  "  being  tlie  unavoidal'lf  iwaUon  of 
the  engine  crank  shafts  on  which  tlie  driving  wheels  w (； re 
hung- 

I  will  try,  with  the  aid  of  Figs.  30  to  33，  \<>  make  this 
clear.  Fig.  30  represents  three  teeth  A,  B,  C  of  a  spur 
wheel  geared  with  three  teeth  D,  E,  F  of  a  pinion.  Th'' 
teeth  are  supposed  to  be  cycloidal,  for  involute  teetli  hav**  not 
found  favour  with  makers  of  main  driving  gear.  Their 
length  is  exaggerated  to  make  this  illustration  clear.  Similar 
profiles  can  be  set  out,  according  to  the  rules  in  the  books, 
to  provide  three  points  of  contact,  x,  ://，  2，  and  three  teeth 
to  carry  the  load.  They  look  very  pretty  upon  paper,  but 
they  will  not  work  if  the  spur  wheel  A  B,  C  be  forced  to- 
wards the  pinion  D，  E，  F  by  the  motion  of  the  shaft.  Tlie 
contact  at  y  ceases.  The  pressure  is  taken  off  B  and  concen- 
trated upon  the  points  of  th©  teetli  C  and  D，  and  there  in- 
tensified enormously  by  the  forcible  retardation  of  the  driving 
wheel  or  acceleration  of  the  pinion.  And  even  if  the  crank 
shaft  could  be  held  absolutely  steady,  the  same  effect  ini^ht 
be  produced  if  the  teeth  came  from  the  mould  full  at  the 
points,  or  if  the  pitch-line  had  proud  places,  both  common 
defects  in  uncut  wheels.  If,  however,  the  faces  of  the  teetli 
were  cut  away  sufficiently  to  limit  the  contact  to  the  imme- 
diate neighbourhood  of  the  pitcli  point  y,  the  motion  of  the 
wheel  towards  the  pinion  would  dimply  cause  the  tooth  B  to 
slide  on  E  without  strain  or  change  of  angular  velocity.  And 
of  all  intermediate  positions  of  the  point  of  contact  it  may 
be  said  that  the  further  it  moves  from  the  pitch  point  the 
more  destructive  become  tlie  effects  of  shaft  displacements, 
incorrect  tooth  forms,  or  sinuosities  of  pitch  lines,  and  con- 
versely th©  shorter  the  path  of  contact  the  less  the  mischief 
resulting  from  these  unavoidable  irregularities.  Experience 
has  led  millwrights  to  the  same  conclusion,  for  they  in- 
variably set  out  wheel  teeth  so  fine  at  the  points  and  roots 
that  they  bear  on  only  near  the  pitch  line  when  new,  and 
when  through  wear  the  bright  bearing  surfaces  extend  to  the 
points  of  the  teetli,  they  chip  the  points  to  avert  the  damage 
just  referred  to. 

The  question  is,  why  do  they  leave  surfaces  which  are 
not  used  when  the  teetli  are  new  and  wliich  have  to  be 
chipped  off  when  tlie  teetli  are  old  ？    I  never  rould  get  a 


Fig.  -29. 

satisfactory  answer.  Neither,  as  tar  as  I  know  ，  would 
wheel  makers  cut  short  their  teeth  till  1888，  when  a  firm  of 
engineers  consented  to  make  a  p,air  of  wheels  with  >lmrt 
teeth.  Fig.  31，  for  their  own  shop  engine.  These  wheels 
must  have  felt  like  the  first  lady  who  appeared  in  public 
minus  a  crinoline,  so  greatly  did  they  differ  from  the  fashion 
of  their  day.  They  had  49  and  47  teeth,  2giu.  pitcli,  |gin. 
long,  and  4Ain.  wide,  the  ratio  of  len^tli  to  pitch  (»  ；>»>. 

With  fixed  centres  and  accurate  moulding  teeth  ]in. 
would  have  kept  contact.    These  wheels  held  their  grease 
well  aud  ran  sniootlily  till  the  engine  was  replaced  in  1892. 
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They  were  l)ut  s  n;ill,  and  nnmin<;  at  a  low  speed  ( 1 .080ft. 
per  minute),  but  they  were  more  convincing  tlian  arguments 
or  dra wings,  because  they  were  made  of  ca:t  iron  ； nid  could 
be  seen  at  work. 

Figs.  32  and  33  show  what  they  accomplished  in  a  few 
months.  The  former  shows  t he  teeth  of  a  wheel  and  pinion 
put  in  in  November,  1888,  after  two  other  sets  of  gearing 
had  been  destroyed  in  the  space  of  eleven  years.  The  teeth 
were  4y|in.  pitcli,  3^ in.  long,  and  19in.  wide,  while  1 1 u 1 
distance  between  the  centres  of  the  shaft  bearings  was  only 
66.Un.  With  these  dimensions  and  a  pitch-line  speed  of 
12 ，4 10ft.  per  minute,  the  motion  of  tlie  crank  shaft  threw  the 
whole  load  of  16，4001bs.  upon  the  corners  of  the  teei  h  and 
drove  the  points  of  the  pinion  teeth  into  the  flanks  of  the 
wheel  teeth  with  jar  and  vibration  sufficient  to  break  one 
of  the  segments  in  the  following  March.  Then  more  teeth 
were  cracked  and  more  segments  broken,  and  it  became 
necessary  to  replace  the  entire  rim.  The  new  rim  was  jna de 
of  steel,  with  teeth  of  the  same  pitch  and  breadth  as  the  old, 
but  2^ in.  instead  of  3^!in.  long，  Fig.  33.  They  would  have 
beeu  better  1  Ain.  long.  The  tooth  of  an  engine  driving 
wheel  is  a  cantilever  whose  strength  varies  not  as 
pitch  -  x  width  ―  length,  but  as  pitch  -f-  length,  because,  with 
a  short  and  moving  crank  shaft,  very  little,  if  any,  strength 
is  gained  by  making  the  width  of  a  tooth  more  than  one 
pitch.  Thus  n  reduction  of  length  to  1  Ain.  would  have 
permitted  a  reduction  of  pitch  to  3|in.,  an  increase  in  the 
number  of  teeth  in  both  wheels,  a  shortening  of  the  neces- 
sary path  of  contact,  and,  if  three  pitches  be  considered  a 
sufficieTit  width  for  the  teeth  of  one  engine  driving  wheel,  as 
I  think  it  is,  less  concentration  of  pressure  on  the  corners 
from  the  lifting  of  the  shaft. 

Same  people  consider  double-helical  teeth  stronger  than 
straight  teeth.  This  is  a  delusion.  Width  for  width  of 
wheel  face,  they  are  much  weaker,  because,  owing  to  the 
lifting  and  end-long  motion  of  crank  shafts,  the  pressure 
never  acts  on  both  treads  at  the  same  time  unless  provision 
be  made  for  allowing  the  pinion  ^haft  to  move  end  ways,  and 
even  then  the  force  required  to  overcame  the  inertia  of  the 
pinion,  and  its  shaft,  adds  seriously  to  the  pressure  on  the 
teeth.  There  is  another  cause  of  destructive  vibration, 
namely,  irregularity  of  pitch  and  inequality  of  pitch  of  wheel 
and  pinion.  The  first  is  seldom  important  in  machine- 
moulded  wheels,  and  can  generally  be  rendered  innocuous  by 
chipping  and  filing.  The  second,  depending  upon  the  con- 
traction of  the  castings,  can  only  be  remedied  by  gearing 
tlie  wheels  more  or  less  deeply  than  was  intended  by  the 


Fig.  30.  Fig.  31. 


designer.  In  my  opinion  both  wheels  of  a  pair  sliould  have 
pitch  circles  turned  on  both  sides  of  the  rims,  with  radii  pro- 
portional to  the  number  of  teeth  in  each,  whether  they  be 
the  radii  marked  on  the  drawing  or  not.  Tlie  wheels  should 
be  geared  to  these  circles  and  kept  there.  Tlie  change  of  the 
position  of  the  pitch  point  on  the  profile  will  not  nfaterially 
affect  the  velocity  ratio 霤 the  teeth  be  short.  The  fashionable 
length  of  teeth  is  now  0.45  to  0'55  of  the  pitch,  instead  of 


0'66  to  0'75  as  formerly,  and  it  iniglii  he  reduced  still  more 
with  advantage  in  many  cases. 

I  sliould  like  to  liave  s;iid  soinet liing  about  tlie  breakages 
of  >)>ur  wit  eels  other  than  breakages  of  teeth,  but  ?is  most  of 
t  lie  breakdowns  of  these  wheels  originate  in  the  teeth ,  it 
seemed  best  to  devote  tlie  time  available  exclusively  to  the 川. 
The  breakages  of  spur  gearings  are  now  10  per  cent,  of  the 
total  breakdowns.  Tim  reduction  in  the  percentage  from  20 
to  10  is  principally  due  to  the  supersession  of  gearing  by 
ropes.    The  improvements  in  design  and  workmansliip  have 
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don©  little  more  than  enable  wheels  to  live  under  conditions 
which  the  old  wheels  could  not  have  faced.  But  they  have 
done  something,  and  the  substitution  of  steel  for  iron,  of  cut 
or  milled  for  moulded  teeth,  and  of  shorter  teeth  and  corre- 
spondingly finer  pitches,  will  do  a  little  more,  but  I  doubt 
if  it  will  ever  be  possible  to  transmit  more  than,  say，  1,200  h.p. 
f ro.n  the  crank  shaft  of  a  steam  engine  by  spur  gearing. 

1  have  now  touched  briefly,  I  could  not  do  more,  on  the 
principal  breakages  of  most  of  the  important  parts  of  a 
steam  engine  except  the  beams,  gudgeons,  and  parallel 
motions  and  other  parts  peculiar  to  beam  engines  ；  and  as 
these  are  becoming  obsolete,  I  have  left  them  out.  I  will, 
however,  conclude  with  an  anecdote  relating  to  a  beam 
eii^ine.  Beams,  "  walking  beams  "  as  they  are  sometimes 
calied,  are  usually  broken  by  water  in  the  cylinder  or  some 
other  extraneous  cause,  but  sometimes  they  fail  gradually 
from  old  age,  the  signs  of  failure  being  the  appearance  of 
small  cracks  sometimes  in  the  flanges,  sometimes  in  the  webs. 
A  beam  in  North-east  Lancashire  began  to  develop  such 
cracks  ；  they  were  pointed  out  to  the  owner  of  the  engine, 
their  import  was  explained  to  him,  and  ho  was  advised  to 
replace  the  beam.  After  listening  attentively  and  in  silence 
to  the  explanation ?  he  got  up,  put  on  his  hat.  and  ^aicl : 
" Mister,  them  cracks  be  nowt  ；  I  shan't  put  in  no  new  beam. 
Why't  has  nowt  to  do'  but,  wag  up  and  do'on." 


Mechanical  Filtration.  —  A  paper  on  this  subject  was  read  by 
Mr.  Arthur  J.  Clark  at  a  meeting  of  the  Manchester  Associa- 
tion of  Engineers  on  Saturday  last.  The  author  first  dealt 
in  a  general  way  with  the  objectionable  characteristics  of 
waters  from  different  sources,  and  then  considered  methods 
for  their  removal.  He  described  a  typical  installation  for 
dealing  with  domestic  water,  and  afterwards  showed  on  the 
screen  and  gave  a  brief  explanation  of  tlie  difference  in  con- 
struction of  various  well-known  types  of  pressure  and  gravity 
filters. 

The  Use  of  Oil  Fuel  in  the  Navy. ― In  the  House  of  Commons 
a  I'ow  days  ago,  Mr.  Churchill  stated  thai/  the  vessels  built  or 
building,  fitted  or  to  be'  fitted  for  burning  oil  fuel  only, 
number  five  batle-ships  (the  "  Queen  Elizabeth/'  the  "War- 
spite/'  " Barham,"  "  Valiant,"  and  Malaya  ，，)，  16  light 
cruisers,  108  destroyers,  and  36  torpedo  boats  ；  vessels  to  be 
fitted  for  burning  oil  and  coal ― nine  battle-ships,  1  battle 
cruiser,  and  2  light  crui&ers  ；  completed  vessels  fitted  to  burn 
oil  and  coal ― 29  battle-ships,  17  battle  cruisers,  30  light 
cruisers,  one  torpedo-boat  de&troyer  ；  vessels  partially  fitted  to 
burn  oil  and  coal —— seven. 
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THE  WHITE  STAR  LINER  "BRITANNIC." 

TmoitE  was  launched  from  tlie  yard  of  Me-srs.  I  larland  ； ui(l 
Wolir,  Belfast,  on  Thursday,  last  week,  the  triple-screw 
steamer  "  Britannic,"  of  50,000  tons  gross,  which  they  liave 
built  for  the  White  Star  Line,  for  service  between  Southamp- 
ton, Cherbourg,  and  New  York.  The  vessel  is  the  largest 
. Brit  ish  liner  afloat,  and  is  of  similar  length  to  the  "  Olympic,'' 
hut  has  a  greater  beam.    The  following  are  the  leading  par- 


ticulars of  the  new  vessel  ：  一 

Length  overall   About  900 i't. 

Breadth,  extreme  About  94ft. 

Depth ,  moulded   64ft.  3in. 

Total  height  from  keel  to  navigating  bridge. ..  104ft.  6in. 

Gross  tonnage   About  50,000 

Load  draught   34ft.  7in. 

Displacement  at  load  draught  Over 53,000  tons. 

T.  H.P.  of  reciprocating  engines   32,000 

S.H.P.  of  turbine   18,000 

Sea  speed   21  knots 

Number  of  decks  9 

Passenger  accommodation  for  over     2,579 

Crew  accommodation   950 


The  vessel  is  somewhat  smaller  than  the  Hamburg- 
America  liner  "  Imperator/'  which  has  a  length  of  922ft. ， 
a  breadth  of  96ft. ，  and  a  gross  tonnage  of  52,000,  with  pas- 
senger and  crew  accommodation  for  5,000.  The  ' 1  Vater- 
land，，，  sister  sliip  to  the  "  Tmperator,"  is  of  slightly 
larger  dimensions,  having  a  gross  tonnage  of  about  56,000. 

As  a  result  of  their  experience  with  the  ill-t'ate*.! 
<£  Titanic,"  the  White  Star  Line  have  devoted  considerable 
attention  to  structural  details,  with  a  view  to  avoiding,  as 
far  as  possible,  a  similar  disaster.  Both  in  design  and  work- 
itianship  the  element  of  strength  has  been  kept  steadily  in 
view,  and  the  most  approved  structural  arrangements  sug- 
gested by  the  latest  experience  have  been  adopted.  The 
double  bottom  extending  the  whole  length  of  the  vessel,  along 
with  the  double  skin  and  water-tight  bulkheads,  combine  to 
make  a  structure  of  exceptional  strength  and  rigidity.  The 
inner  skin  consists  of  heavy  plating,  well  stiffened, 
extending  for  more  than  half  the  length  of  the  vessel, 
from  the  water-tight  bulkhead  in  front  of  the  forward  boiler- 
room  to  the  after-end  of  tlie  turbine  engine  room.  Tt  is 
strongly  connected  by  longitudinal  plates  and  angles  and 
specially  strong  connections  at  the  bulkheads  and  the  water- 
tight divisions.  This  reinforced  structure  also  extends  fro n 
the  tank  top ~ ij'"  from  the  top  of  the  double  bottom ― to 
above  the  middle  deck,  and  the  water-tight  bulkheads  are 
carried  right  up  to  the  bridge  deck.  The  strength  and  safety 
afforded  by  this  method  of  construction  will  be  easily  appre- 
ciated when  it  is  mentioned  that  the  "  Britannic/'  besides 
having  this  extra  protection  against  serious  damage,  will  be 
able  to  float  with  any  six  compartments  flooded. 

The  propelling  machinery  comprises  a  combination  of 
reciprocating  engines  and  a  low-pressure  turbine,  the  former 
driving  the  two  wing  shafts  and  the  latter  the  centre  shaft. 
The  two  reciprocating  engines,  each  of  16,000  i.h.p.,  are  of  the 
triple-expansion  type,  having  four  cylinders,  54in.,  84in., 
97in.,  and  97in.  diarti.,  l)y  75in.  stroke.  They  are  balanced  on 
the  Yarrow-Schlick-Tweedy  system,  and  all  the  cylinders  are 
fitted  with  piston  valves.  The  steam,  at  2001bs.  jjressure. 
after  passing  through  the  cylinders  of  the  reripr(:(';it in^ 
engines,  ilows  into  the  turbine  at  a  pressure  at  entrance  of 
almiit  lOlbs.  per  square  inch  absolute.  The  latter  is  of  the 
l'arsons  exhaust  type,  designed  to  develop  18,000  s.h.p.,  and 
is  the  largest  marine  turbine  yet  constructed  Its  weight 
complete  is  close  on  500  tons,  and  it  has  an  overall  length 
of  about  50ft.  The  exhaust  steam  from  the  turbine  passes 
into  two  condensers.  A  special  valve  is,  however,  provided 
for  passing  tlie  exhaust  steam  from  the  reciprocating  ejigines 
direct  to  the  condensers,  so  that  no  reversing  or  astern  tur- 
bine is  necessary  on  the  centre  shaft,  the  astern  driving  of 
tlie  ship,  and  manoeuvring  in  port,  being  done  by  the  re- 
ciprocating engines  on  the  wing  shafts.  The  "  change  over  '， 
from  driving  ahead  with  all  tliree  propellers  to  operating  the 
、viiig  shafts,  will  he  effected  almost  instantaneously.  Tlie 
、ving  propellers,  which  are  to  run  at  77  revs,  per  ruimite,  h.uvn 


three  blades,  and  have  a  diameter  of  23ft.  KJin.9  and  the 
centre  propeller  four  blades  and  a  diarnet  er  of  1  r>t't .  ("ii. 

Tlie  boilers  are  of  the  ordinary  marine  multitubular  type, 
arranged  in  six  boiler  rooms.  There  are  29  in  all,  24  l)ei"g 
(loul)ler-ended,  with  three  furnaces  at  each  end,  and  five  single- 
ended.  The  former  are  21ft.  in  length  by  】5ft.  9in.  diam., 
and  tlie  latter  of  the  same  diameter  hut  11",  9in.  in  length . 
Each  of  the  double-ended  boilers  has  a  heating  surface  of 
5,702  s(j.  ft.,  and  a  grate  area  of  130*8  sq.  ft.,  and  each  of 
tlie  sin^le-eiidod  boilers  a  lieatiii",  sui'lacc  of  l2,H22  、。.  ft -  and 
a  grate  area  of  65'4  sq.  ft.  There  are  thus  159  furnaces  in 
all,  having  a  total  ^rate  area  of  3,461  sq.  ft.  The  total  heat- 
ing surface  being  150,958  sq.  ft"  the  ratio  of  grate  area  to 
heating  surface  is  1  to  43*6. 

For  lighting,  heating  and  auxiliary  purposes  four  400  kw. 
steam  sets  are  arranged  in  two  water-tight  compartments. 
The  engines  are  of  the  three-cylinder  compound  enclosed  t ypf* 
and  drive  at  325  revs,  per  minute  direct-current  compound - 
wound  dynamos  of  4,000  amperes,  with  a  pressure  of  100  volts, 
working  in  parallel.  There  is  also  provided,  in  case  of  emer- 
gency* batteries  with  a  capacity  of  over  4,000  ampere-hours  at 
a  ten-hour  rate.  An  auxiliary  power  plant  comprising  two 
30  kw.  steam-driven  sets  is  located  on  the  saloon  deck,  situated 
about  20ft.  above  the  water  line,  and  will  be  used  for  charg- 
ing the  accumulators  and  for  providing  current  when  the  ship 
is  in  port. 

The  passenger  accommodation  will  be  generally  of  a  simi- 
lar character  to  that  in  the  "Olympic,"  the  "Britannic," 
being  a  larger  ship,  having  greater  facilities  for  the  passengers. 
There  will  be  accommodation  for  over  2,500  passengers  in  all, 
besides  a  crew  of  950.  No  less  than  seven  of  the  nine  decks 
are  devoted  to  the  passengers,  and  all  classes  have  been  pro- 
vided for  in  a  way  that  will  ensure  both  comfort  and  luxurv. 
The  vessel  is  fitted  with  the  latest  and  most  approved  type  of 
electrically-driven  boai>lowering  gear,  by  means  of  which  a 
very  large  number  of  boats  can,  one  after  the  other,  be  put  over 
the  side  and  lowered  to  the  water  line  in  much  less  time  than 
was  possible  under  the  old  system  of  davits.  One  of  the  ad- 
vantages of  the  new  system  is  that  the  passengers  take  their 
places  in  the  boats  expeditiously  and  with  perfect  safety  before 
the  boats  are  lifted  from  the  deck  of  the  vessel,  and  the  gear 
is  so  constructed  that  the  fully-laden  hoats  are  lowered  at  a 
very  considerable  distance  from  the  side  of  the  ship,  t hu> 
minimising  risk  in  bad  weather.  Moreover,  the  whole  (  i  t tic 
boats  on  board  can  be  lowered  on  whichever  side  of  tho 
vessel  happens  to  be  clear.  There  is  a  powerful  Ma rconi 
installation,  submarine  signalling  apparatus,  and  an  ri 
('； illy -driven  somulin^  rnacliine. 


THE  SLAGGING  GAS  PRODUCER. 

BY  W.  H.  BLAUVELT. 

The  type  of  gas  producer  in  which  the  ashes  are  fluxed  and 
run  off  as  slag  was  among  the  very  earliest  made.  Ebelrnen 
built  the  first  one  in  1840  at  Audincourt*  France,  only  a  year 
after  the  installation  of  the  first  gas  producer  of  wliich  we 
have  record.  Charcoal  was  used  as  the  fuel,  with  blast- 
furnace slag  and  clay  as  flux.  My  interest  in  this  type  of 
]>i,otliicei*  began  when  as  a  boy  T  saw  the  fluxing  producer  at 
Chester,  N. J.,  whioli  was  invented  by  W.  J.  Taylor,  and 
described  by  him  in  188】.  This  producer  was  invented  in- 
dependently by  Mr.  Taylor  to  meet  the  difficulties  he  ex- 
perienced in  making  prod ucer  gas  for  roast iti^  sulphurous 
iron  ores. 

It  will  be  of  interest  to  review  briefly  his  description  of 
his  producer.  It  was  built  like  a  small  blastfurnace,  having 
a  hearth  24in.  diam,  and  24in.  high.  Tlie  bosli  an^Ie  was 
25°  from  the  vertical,  the  diameter  of  the  bosh  4 ft.  and  at 
the  top  3ft.,  the  total  height  12ft.  The  producer  contained 
one  water-cooled  tuyere  12in.  above  the  bottom,  with  a  1  .lin . 
nozzle  ；  depth  of  the  coal  above  the  tuyere,  6ft  M  r.  Taylnr 
mixed  the  coal  with  from  30  to  40  per  cent,  of  basic  blast- 
furnace slag  to  flux  the  ash.  Occasionally  some  lime>ttnuk 
was  also  used,  but  never  limestone  alone,  as  the  use  of  the 
furnace  cinder  gave  a  larger  volume  of  slag  and  made  it 
easier  to  maintain  a  proper  Huiditv.      The  prcduc?!*  was 

■  AUstifti  t  of  paper  yooA  liefore  tlie  Aitu'iican  lustiliitf  of  Mining  Fnuim  i-i- 
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blown  with  a  small  Weimer  blowing  engine,  delivering  300ft. 
of  air  per  minute,  at  from  lib.  to  l'51bs.  pressure.  The  slag 
was  tapped  every  two  hours,  and  was  black  and  glassy  in 
appearance.  Broken  or  egg-size  anthracite  was  used.  The 
fine  sizes  of  anthracite  could  not  be  made  to  work.  Mr. 
Taylor  expressed  the  belief  tliat  bituminous  coal  could  be 
used  if  not  too  fine,  but  no  experiments  were  made  with  this 
coal.  Runs  were  made  of  four  weeks'  duration,  with  no 
stops  or  changes. 

Mr.  Taylor  reported  the  following  advantages :  (1)  Ex- 
cell  ant  gas,  very  unifor;r  in  quality.  Tlie  】iigli  fuel  bed  per- 
mitted no  air  to  pass  unconsiuned,  and  the  gas  was  ahnost 
entirely  free  from  carbonic  acid.  (2)  No  cleaning  of  the 
producer  to  remove  ashes,  so  no  waste  of  coal  and  no  cessation 
or  irregularities  in  the  flow  of  gas.  (3)  Quantity  of  gas  easily 
controlled,  and  ' '  anyone  familiar  with  blastfurnace  prac- 
tice can  run  it,  particularly  if  cinder  for  fluxing  is  available." 

The  power  required  for  blowing  the  producer  for  gasify- 
ing 2001bs*.  of  coal  per  hour  was  1*5  h  p.,  or,  assuming  31bs. 
of  coal  per  horse-power,  2'25  per  cent,  of  the  coal  gasified. 
This  consumption  of  steam  compares  favourably  with  ordi- 
nary producers,  but  tlie  rate  of  gasification,  about  161bs.  per 
square  foot  per  hour,  was  not  remarkable  for  the  size  of  fuel 
used.  Mr.  Taylor  did  not  continue  the  operation  of  tlie 
fluxing  producer,  mainly  on  account  of  the  skilled  attention 
required  in  its  operation.  A  man  ' '  familiar  with  blast- 
furnace practice  "  is  often  not  available  for  the  operation 
of  producers.  The  high  pressure  of  blast  used  and  the  neces- 
sity for  employing  a  blowing  engine  were  also  among  the 
disadvantages.  He  did  not  state  why  only  the  larger  and 
more  costly  sizes  of  anthracite  could  be  used,  but  at  present 
comparative  prices  this  would  be  a  serious  objection. 

There  appears  to  be  no  further  record  of  experiments 
with  the  slagging  producer  until  within  the  last  few  years. 
A  battery  of  "  S.  F.  H.M  slagging  producers  was  installed  at 
the  glass  works  at  Gironcourt  in  1907,  and  this  plant  is  re- 
ported to  be  still  in  operation,  furnishing  gas  to  the  glass 
、、'orks.  In  the  report  of  the  operation  of  this  plant  there  is 
no  reference  to  the  type  of  flux  used,  but  it  is  reported  that 
all  kinds  of  fuel  are  successfully  gasified,  no  matter  what 
the  content  of  ash,  the  only  necessity  being  that  the  fuel 
contains  sufficient  fixed  carbon  to  develop  beat  to  gasify  the 
carbon  and  fuse  the  ash.  It  is  claimed  that  the  heat  re- 
quired to  fuse  the  ash  is  much  less  than  the  equivalent  of  the 
carbon  lost  in  the  ash  of  ordinary  producers.  One  coal 
containing  from  20  to  25  per  cent,  of  ash  gave  a  gas  contain- 
ing from  2  to  3  per  cent,  of  C02，  28  to  30  per  cent,  of  CO, 
and  9  to  10  per  cent,  of  H2  and  CH4. 

The  most  recent  work  done  with  the  slagging  producer 
" that  described  by  the  U.S.  Bureau  of  Mines,  Technical 
Paper,  No.  20.  Tliis  work  was  done  at  the  Pittsburg 
Laboratory  of  the  Bureau,  with  a  view  to  determining  the 
\  a  hie  of  this  type  of  producers  for  utilising  low-grade  fuels. 
It  does  not  appear  from  the  report  of  these  tests  that  the 
slagging  producer  gives  results  essentially  superior  to  other 
types  of  producers  for  gasifying  low-grade  fuels.  The  ex- 
periments of  the  coal-testing  plant  of  the  Bureau  at  St. 
Louis  in  1903  and  1904  showed  that  fuels  coiitaining  very 
liigh  percentages  of  ash  could  be  successfully  gasified  in  pro- 
clucars  of  the  ordinary  type. 

The  report  of  the  Bureau  of  Mines  does  not  give  the 
dimensions  of  the  producer  used,  but  six  air  tuyeres  were 
employed  and  in  addition  four  separate  steam  tuyeres  located 
above.  On  account  of  the  extremely  high  temperatures,  it 
was  found  necessary  to  provide  pips  coils  in  the  brick  lining 
for  water  cooling,  and  magnesite  brick  was  used  between  the 
coils  and  the  fire.  The  cooling  coil  extended  over  a  space 
of  20in.  above  the  air  tuyeres.  The  blast  pressure  used  was 
from  5in.  to  16in.  of  water,  and  it  was  found  advantageous  to 
pre-heat  the  air  to  about  440°  Fail.  Steam  was  employed  at 
times  up  to  0'751b.  per  pound  of  fuel  gasified,  and  it  was 
found  that  this  produced  no  chilling  effect  on  the  slag,  as 
the  steam  was  introduced  above  the  point  of  highest  tempera- 
ture. It  was  found  difficult  to  operate  this  type  of  producer 
intermittently  .without  trouble  from  the  chilling  of  the  slag, 
so  it  does  not  appear  that  it  would  be  satisfactory  in  cases 
where  gas  is  required  only  in  the  day  time,  for  example.  Tlie 
analysis  of  the  gas  showed  liigli  VO  and  low  C02  content, 
the  latter  being  as  low  as  1*5  per  cent"  but  no  analyses  are 


reported  showing  the  effect  of  steam  on  the  composition  of 

the  gas. 

The  experiments  developed  a  number  of  difficulties  in  tlie 
fluxing  of  the  asli,  and  it,  was  found  that  the  theoretical  per- 
centage of  limestone  was  not  nearly  .sufficient  to  produce  a 
fluid  slag.  Frequently  large  quantities  of  fine  ash  blew  over 
with  the  gas,  * '  because  of  the  heavy  air  blast,"  and 
probably  some  of  tlie  limestone  was  blown  over  with  it.  One 
occasion  is  reported  where  practically  all  of  the  ash  and  lime- 
stone escaped  in  this  way.  Comparing  the  air  pressures 
reported  with  those  used  in  producers  of  the  ordinary  type,  it 
would  be  interesting  to  observe,  in  further  experimenting, 
if  a  careful  proportioning  of  the  depth  of  the  fuel  bed  to  the 
rate  of  combustion  would  reduce  the  trouble  from  this  source. 
When  the  conditions  were  right  and  the  operation  of  tlie 
producer  was  maintained  continuously  there  was  no  trouble 
in  tapping  off  the  slag  in  a,  satisfactorily  fluid  condition,  and 
in  maintaining  a  uniformly  higli  quality  of  gas. 

The  latest  work  with  the  slagging  producer  is  described 
in  a  French  patent  issued  to  E.  Servais,  January  21st,  1913. 
I  n  this  producer  there  are  two  sets  of  tuyeres,  one  set 
arranged  just  above  the  fire  zone  and  supplied  with  steam  or 
gas  to  reduce  the  temperature  in  the  fuel  bed  by  its  decom- 
position. A  second  set  of  tuyeres  is  arranged  just  below, 
through  which  the  air  blast  is  admitted.  These  tuyeres  are 
set  in  an  eccentric  ring,  in  order  that  a  whirling  movement 
may  be  given  to  the  air  in  order  to  agitate  the  molten  slag 
iti  the  crucible.  The  in ventor  claims  tliat  this  rapidly  melts 
down  any  solid  lumps  that  may  form.  A  combustion  chamber 
is  arranged  beneath  the  crucible  in  which  a  mixture  of  gas 
and  air  may  be  burned  to  help  in  maintaining  the  tempera- 
ture above  the  fusing  point  of  the  slag.  In  operating  tliis 
producer  tlie  fuel  is  sprayed  with  lime  water,  or  mixed  with 
a  suitable  amount  of  basic  blastfurnace  slag. 

The  work  done  thus  far  with  the  slagging  producer  does 
not  indicate  that  tlie  problem  lias  been  thoroughly  worked 
out,  and  there  is  mucli  experimenting  to  be  clone  before  tliis 
producer  can  be  put  on  a  commercial  basis.  The  increasing 
cost  of  the  higher  grades  of  fuel,  and  the  large  amounts  of 
low-grade  fuel  that  are  available  in  almost  all  parts  of  the 
country,  make  the  perfecting  of  a  producer  that,  will  suc- 
cessfully gasify  these  low  grades  a  most  interesting  and  im- 
portant problem. 

There  is  one  field  where  the  slagging  producer  would  have 
material  advantages.  It  would  be  ideal  for  gasifying  coals 
having  a  fusible  ash.  No  matter  how  badly  the  ash  might 
clinker  in  an  ordinary  producer,  it  would  have  no  terrors  for 
the  slagging  producer  ；  in  fact,  the  more  fusible  the  ash,  tlie 
better.  Such  coals  are  ordinarily  gasified  with  the  use  of  an 
excess  of  steam,  which  is  not  only  costly  to  generate,  but  in- 
jurious to  the  gas,  as  much  of  it  passes  through  undecom- 
posed.  There  are  many  of  these  clinkering  coals  which  are 
objectionable  in  the  ordinary  gas  producer,  and  if  the  slag- 
ging gaa  producer  can  be  worked  out  so  that  the  cost  of 
operation  is  about  on  a  par  with  other  types,  it  will  find  a 
field  of  usefulness  waiting  for  it. 


The  Junior  Institution  of  Engineers. ― This  live  institution 
announce  the  following  arrangements  for  this  niontli : 
March  6th.  at  39，  Victoria  Street,  8  p.m..  Mr.  F.  E.  Rainey, 
on  "  Maihak  Indicator  and  Bottcher's  Power  Counter  " : 
March  13th,  at  39，  Victoria  Street,  8  p.m.,  Mr.  F.  H.  Tay- 
lor on  "  Lightning  Conductors  and  their  Tests"  ；  ]\[aroh 
14tli,  North-western  Section  visit  oil  tank  steamer  at  Mode 
Wheel,  on  the  Manchester  Sliip  Canal  ；  March  16th, 
ordinary  meeting  at  8  p.m.  at  the  Institution  of  Electrical 
Encrineers,  Victoria  Embankment,  paper  on  "  Some  Prac- 
tical Notes  on  the  Running  of  Gas  Engines  and  of  Gas 
Producers,"  by  Mr.  W.  A.  Tookey,  M.I.Mech.E.  ；  Mai'di 
20th,  at  39，  Victoria  Street,  8  p.m.:  Mr.  W.  H.  Sayers  on 
" Aeroplanes  as  Engineering  Structures "  ；  North-western 
Section  meeting  at  tlie  Municipal  School  of  Technology, 
Manchester.  7-45  p.ni"  paper  hy  Mr.  W.  A.  Tookey, 
M.I.Mech.E.,  on  "  Some  Practical  Notes  on  the  Running 
of  Gas  Engines  and  of  Gas  Producers  "  :  March  26th>  North- 
western Section 、 at  Manchester,  7-45  p.m.,  Mr.  T.  R.  Wollas- 
ton  on  "  Power  Driving  of  Small  Workshops  ，，  ;  Marcli  127th, 
at  39，  Victoria  Street,  8  p.m.,  Mr.  A.  Forbes  on  ''  Harmoni- 
graph  as  Applied  to  Advertising." 
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ELECTRICAL  PYROMETRY. 

Of  all  the  metliods  which  enable  th©  engineer  or  industrial 
worker  to  determine  high  temperatures  up  to  3,000°  Fah"  or 
1 ,600°  C,  electric  pyrometry  is  unquestionably  the  most 
simple,  the  most  exact,  and  tli©  most  reliable*.  The  method  is 
applicable  to  the  most  varied  processes,  whilst  the  instruments 
can  be  installed  and  used  by  any  ordinary  workman.  The 
temperature,  moreover,  can  be  determined  near  to  or  at  any 
distance  from  the  source  of  heat,  or  it  can  he  recorded 
graphioally   for  future  reference,   and  'as  a  che<'k   on  the 


Fi".  2. 


Fi«.  I  (u)  terminals  ；  head  of  ha  id  porcelain  ；  (c)  plaliiimn.  platinum - 
rliodium  wires  of  element  ；  {e)  fire  proof  insulating  end-piece  of  martiuardt 
masse  ；  (/ 》 oval  Mannesmanu  steel  tube  ；  (g)  hot  junction  of  wires. 

Fig.  2  (a)  terminals  ；  (b)  head  of  hard  porcelain  ；  {f)  reduction  clamp  to  secure 
renewable  steel  protection  sheath  :  (d)  steel  sheath  ；  (e)  insulating  tube  of 
marquardti  niasse  ；  (/；  platinum,  platinum-rhodium  wires  of  element  ；  (g)  tube 
of  mar<iuai*dt  masse  ；  (h)  hot  junction  of  wires. 

attendant  at  any  convenient  distance  from  the  source  of  heat, 
even  at  a  place1  inaccessible  to  the  person  who  is  to  be  checked. 

Temperature  has  been  defined  as  the  measure  of  the 
tendency  for  heat  to  pass  from  one  body  to'  another.  In 
determining  temperature,  therefore,  we  observe  or  record  the 
temperature  of  the  material  of  which  the  instrument  is  mad©. 
Owing  to  the  fact  that  the  electromotive  force  set  up  in  ih© 
thermo-couple  of  an  electrical  pyrometer  varies  with  the 
slightest  change  of  temperature,  and  that  these  changes  are 
immediately  indicated  by  the  galvanometer,  we  have  in  the 
electrical  pyrometer  a  very  accurate  and  reliable  instrument 
for  measuring  the  temperature  or  heat  employed  in  an 
industrial  operation. 

There  is  one  definitive  heat  at  which  a  substance  under 
treatment  will  undergo  the  desired  change,  or  at  which  the 
greatest  economy  of  working  is  obtained,  and  it  is  therefore 
essential  for  the  engineer  or  manufacturer  to  d&termin©  this 
point  correctly  for  every  operation,  and  to  provide  his  workers 
with  ready  means  to  ensure  that  this  heat  is  obtained  or 
maintained  as  required. 

Electrical  pyrometers  are  used  in  a  large  number  of 
industries  with  great  success  ；  in  fact,  many  of  the  intricate 
modern  manufacturing  processes  could  not  possibly  be  carried 
on  without  them .  Manufacturers  are  recognising  more  and 
more  that  by  exercising  a  strict  scientific  control  over  all 
operations  the  output  can  be  increased,  whilst  at  the 
same  time  the  quality  of  the  goods  is  much  improved  or 
standardised,  and  the  utmost  economy  is  ensured  all  round. 

A  complete  electrical  pyrometer  consists  of  a  therm o 
couple  for  exposing  to  tJie  source  of  heat,  and  a  sensitive 
indicating  or  recording  galvanometer,  together  with  the 
necessary  connecting  wiring.  An  electromotive  force  is  set  up 
in  the  couple  when  exposed  to  the  heat,  and  this  is  measured 
by  the  galvanometer.  The  thermo-couple  consists  essentially 
of  two  wires  or  rods  of  different  material,  which  are  joined  or 
fused  together  at  their  extreme  ends  where  exposed  to  the 
lie  at  (hot  junction).  Tlie  other  extremes  of  the  rods,  called 
the  cold  junction,  whioli  project  into  the  open  air,  are  con- 


nected by  means  of  screws  to  the  leading  wires  of  the 
galvanorneter. 

The  two  rods  of  the  tlie-rmo-couple  are  of  different 
electrical  conductivity.  If,  H"'rH'(m»，  tin-  crnls  of  tlu;  rods  at 
the  hot  junction  are  heated,  a  difference  of  potential  is 
produced,  causing  an  electric  current  to  flow,  varying  in 
strength  with  the  degre-f1  of  tlie  1  liennal  (liUVrciicc  w*-  -n 
the  cold  and  hot  junctions,  or  with  the  intensity  of  the  heat 
to  which  the  thermocouple  is  exposed . 

T^e  relation  of  this  current  to  the  temperature  has  been 
determined  accurately  by  experiment,  atul  the  scale  of  。", 
galvanometer  can  therefore  b©  divided  to  read  directly  in 
degrees  Fahrenheit  or  Centigrade  ；  thu-s,  as  90011  as  the 
thermo-couple  is  exposed  to  heat  the  electric  pressure  or 
current  produced  in  the  two  rods  actuates  the  mechanism  of 
the  galvanometer,  and  the  needle  of  the  latter  indicate  cr 
records  directly  tlie  exact  temperature  of  tlie  hot  juiu-tion.  or 
at  the  place  where  the  thermo<-oupl&  is  inserted. 

As  the  electric  current  produced  in  the  couple  through  tli3 
heating  of  the  hot  junction  depends  on  the  difference  between 
the  temperature  at  the  two  extremes  o f  the  rods,  it  is,  of 
course,  essential  that  the  outer  ends  of  the  rods  or  the  cold 
junction  be  kept  cool.  As  this  cannot,  however,  be  always 
obtained  in  practice,  an  adjusting  sci'ew  is  provided,  as  will 
be  explained  later,  by  means  of  which  the  finger  of  I  lie 
galvanometer  can  be  adjusted  accordingly.  For  very  exact 
measurements,  or  in  cases  where,  for  want  of  space,  very  short 
thermo-couples  must  be  used,  the  latter  are  made  with  water- 
cooled  head .  The  constituents  of  tlie  thermo-couple  vary 
according  to  the  iut^nsitv  of  tha  heat  fcr  which  they  ara 
intended. 

Messrs.  Schaffer  &  Budenberg,  Ltd"  of  Manchester,  who 
have  for  years  specialised  the  manufacture  of  temperature 
indicating  and  recording  instruments,  have  recently  placed  oti 
the  market  two  new  series  of  electrical  pyrometers.  The  first 
series  for  temperatures  up  to  900°  C.，  or  1,650°  Fah.,  are  base 
metal-couples  called  the  "  Pyrodur  "  couples.  These  couples 
develop  a  very  high  thermo-electric  force  and  the  galvano 
meters  in  consequence  can  be  of  a  very  robust  and  simple 
construction.  The  other  series  comprises  platinum,  platinum- 
rhodium  couples  with  wires  of  0  5  mm.  diani.  for  temperatures 
up  to  1,100°  C.，  or  2,000°  Fah.,  and  platinum,  platinum- 


Fig. 


Fig.  5. 


Fig  6. 


rhodium  couples  with  wire  of  0*55  mm.  or  0*6  mm.  diara.  for 
still  higher  temperatures  up  to  1,600°  C.，  or  3,000°  Fah. 

It  will  be  noticed  that  the  latter  diameters  are  much  greater 
than  usually  employed.  Messrs.  Schaffer  &  Budenberg,  how- 
ever, strongly  recommend  the  use  of  these  extra  thick  wires  for 
the  extra  high  temperatures.      Their  initial  cost  is  naturally 
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higher,  hill,  as  infinitely  greater  durability  is  ensured  thereby, 
the  extra  out-lay  is  soon  repaid.  If  thinner  wires  are 
("i 屮 loyed,  breakages  of  th©  wire  often  occur  owing  to  expan- 
， ii m  stresses  in  the  different  materials.  Moreover,  if  the  more 
or  less  delicate  protection  tubes  which  must  necessarily  be 
employed  for  the  highest  temperatures  should  accidentally  be 
.■racked,  the  thin  wires,  the  strength  of  which  is  naturally 
much  impaired  under  the  high  iemj>eratures,  are  apt  to  break, 
allowing  the  bottom  portion  of  the  couple,  including  a  con- 
siderable portion  of  the  expansive  wires,  to  fall  into  the 
furnace,  where  it  is  generally  irretrievably  lost. 

It  is  very  essential  that  the  thermo-couples,  whether  made 
of  base  or  precious  metals,  are  suitably  protected  or  armoured. 
The  protection  usually  consists  of  an  inner  insulation  and  an 
outer  covering  (to  resist  the  tempera- 
ture to  which  the  couple  is  to  be  sub- 
jected and  the  effeci  of  oxidising  gases 
or  chemicals),  and  possibly  also  an 
additional  protection  of  either  steel  or 
some  special  ceramic  product,  as  a  pro- 
tection against  mechanical  injury  or 
sudden  changes  of  temperature.  Figs. 
1  and  2  show  the  section  of  two  typical 
constructions. 

Figs.  3  to  9  show  a  number  of 
<'((ii])les  armoured  or  fitted  up  for  diffe- 
rent purposes.  In  Fig.  3  the  stem  of 
the  couple  is  protected  by  a  strong 
steel  tube  for  use  in  connection  with 
annealing  and  hardening  furnaces,  boiler 
flues,  bakers'  ovens,  hot  blast  mains, 
drying  stoves,  heating  plants,  muffle 
furnaces,  and  general  experimental  work, 
and  all  purposes  where  it  is  desirable  to 
protect  the  couple  again&t  mechanical 
damage.  This  is  suitable  for  tempera- 
tures up  to  1,830°  Fah.?  or  1,000°  C. 
Fig.  4  shows  a  similar  couple  protected 
by  a  thin  light-steel  tube.  This  is 
specially  sensitive,  and  intended  par- 
ticularly for  occasional  tests. 

Fig.  5  shows  a  thermo-couple  with  adjustable  screwed  con- 
nection, allowing  length  of  insertion  to  be  varied  as  desired, 
and  a  small  mercurial  thermometer  fitted  to  head  to  facilitate 
setting  pointer  of  indicator  to  temperature  of  cold  junction. 
These  two  attachments  can,  of  course,  be  applied  to  any  of 
the  diil'e rent  couples. 

Fig.  6  shows  a  couple  armoured  with  a  tube'  of  pure  quartz 
or  marquarclt  masse,  intended  for  the  highest  temperatures, 
and  an  additional  guard  of  steel  tubing  from  which  the  quartz 
or  marquardt  masse  projects  at  the'  end.  Tubes  (made  of 
quartz  or  fused  silica)  are  gas-tight  and  are  not  affected  by 
sudden  and  great  changes  of  tem j>erature.  They  are  also 
safe  against  chemical  action,  as  quartz  is  unaffected  by  acids, 
with  the  exception  of  phosphoric  acid  at  high  temperatures 
and  hydrofluoric  acid.  Hydrooliloric,  sulphuric,  or  nitric 
acid,  or  mixtures  of  acid,  such  as  aqua  regis,  have  absolutely 
no  action  on  quartz.  Quartz  tubes  are  largely  favoured  on 
account  of  these  features.  Being  of  fragile  nature,  however, 
they  must  naturally  be  protected  against  mechanical  injury. 
If  exposed  frequently  or  permanently  to  temperatures  above 
2,010°  Fall.,  they  deteriorate  and  must  be  renewed  frequently. 

Fig.  7  shows  an  angular  thermo-couple  with  Mannesmann 
steel -tube  protection,  with  quartz  insertion  and  renewable 
steel  protection  sheath  of  l|in.  outer  diameter,  which  is 
especially  designed  for  metal  and  salt  hardening  baths  and 
other  purposes,  where  the  couple  is  inserted  in  open  vessels,  the 
head  or  cold  junction  being  thereby  kept  away  from  the  rising 
heat.  Fig.  8  shows  an  angular  couple  with  water-cooled  head, 
whilst  Fig.  9  shows  a  special  folding  handle  for  converting  an 
oi'dinary  couple  into  an  angular  couple.  Fig.  9  shows  the 
couple  with  water-cooling  to  the  head.  It  is,  however,  very 
often  made  without  it. 

For  very  exact  measur&ments,  or  where  special  circum- 
stances necessitate  the  employment  of  a  very  short  couple,  or 
where  a  straight  couple  is  to  be  used  occasionally,  over  an 
open  metal  or  chemical  bath  (held  in  a  handle  as  Fig.  9)，  it  is 
advisable,  to  provide  the  head  of  the  thermo-couple  fitting  with 
wat er-coolin^,  »o  tliat  the  terminals  or  "  cold  junction  can 
always  be  kept  at  a  steady  temperature. 


The  indicator  is  essentially  a  sensitive  galvanometer  with 
the  scale  direct-reading  in  degrees  Falirenlieit  or  Centigrade. 
Tl"1  latter  has  been  made'  possible,  as  the  electromotive  force 
produced  in  the  couple  is  in  a  definitive  ratio  to  the  t/Om  pe- 
rature  of  the  hot  junction. 

(To  be  continued.) 


INSTITUTE  OF  MARINE  ENGINEERS. 

The  ？ 5th  annual  meeting  of  the  Institute  of  Marine  Engineers 
was  held  in  London  on  Thursday,  February  26th,  Mr.  Thomas 
L.  Devitt  presiding.  The  annual  report  showed  that  the 
membership  of  the  Institute  at  the  close  of  the  financial  year 
stood  at  1,408,  a  net  increase  of  58  during  the  session.  The 


total  sum  to  the  credit  of  the  City  Premises  Fund  amounted 
to  £8,193.  5s.  8d.  The  foundation  stone  of  the  building  was 
laid  on  October  29th,  1913，  by  the  Lord  Mayor  of  London 
(Sir  David  Burnett,  Bart.),  and  considerable  progress  had 
been  made  with  the  work.  The  11  Titanic  "  Engineering  Staff 
Memorial  Fund  had  realised  the  sum  of  £2,940.  Of  this 
amount  £300  had  been  handed  over  to  the  Southampton 
Memorial  Committee  for  the  erection  of  a  memorial  at  that 
port.  An  agreement  with  the  Royal  Merchant  Seamen's 
Orphanage  had  been  made,  under  which  the  Institute  would 
have  the  nomination  of  one  eligible  child  each  year,  and  the 
Institute  would  also  be  represented  on  the  Board  of  Manage- 
ment of  the  Orphanage.  Other  items  of  the  Institute's  work 
were  dealt  with  under  the  headings  of  papers  and  discussions, 
transactions,  visits  to  works,  Lloyd's  Register  Scholarship, 
essay  awards,  Denny  gold  medal,  experimental  department, 
junior  section,  library  and  reading-room,  Board  of  Trade 
Advisory  Committee,  Royal  Naval  Reserve,  &c.  The  obituary 
list  included  the  names  of  two  past  presidents,  the  late  Sir 
William  White,  K.C.B.,  and  the  late  Sir  David  Gill,  K.C.B. 

In  submitting  the  revenue  account  and  balance-sheet,  the 
lion,  treasurer  stated  that  the  total  income  from  all  sources 
during  the  year  was  £1,430.  There  was  a  credit  balance  of 
£339，  and  after  adding  entrance  fees,  a  total  of  £451.  12s.  5d. 
was  added  to  the  revenue  account  during  the  year,  that 
account  now  standing  at  £4,279.  The  amount  spent  on 
papers  and  discussions  was  £497. 

The  reports  were  adopted  on  the  proposal  of  Mr.  H.  A. 
Ruck-Keene,  seconded  by  Mr.  A.  E.  Battle,  who,  trOgetlier 
witli  tlie  Chairman,  congratulated  tlie  members  on  the  excel- 
lent position  of  the  Institute,  and  on  the  work  accomplished 
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during  the  year.  A  vote  of  thanks  to  the  retiring  presidcui 
(Mr.  Devitt)  was  proposed  by  Mr.  A.  】h)yle  and  seconded  by 
Mr.  Geo.  Adams. 

The  scrutineers  (Messrs.  V.  Smith  and  C.  Hudson) 
reported  that,  as  a  result  of  the  ballot,  the  following  office- 
bearers and  members  of  council  were  elected  for  session 
1914-15  ：  President:  Sir  Ar(:liil)al(l  Denny,  Hail LL.I). ; 
hon.  treasurer :  Mr.  Alexander  IT.  Matlier  ；  lion,  secretary  ： 
' Mr  James  Adanison  ；  members  of  council :  Messrs.  A.  E. 
Battle,  P.  T.  Campbell,  B.  P.  Fielden,  H.  A.  Kurk-K«'。m', 
and  W.  T.  Seaton.  Mr.  W.  E.  Archer  was  reappointed  lion, 
solicitor  and  Messrs.  J.  Clark  and  A.  Robertson  as  lmn 
auditors.  , 

The  incctiiio-  concliKled  witli  a  vote  of  thanks  to  t  hr  ''li;m. 
man,  on  the  ])roi>osal  of  Mr.  R.  Leslie,  R.N.R.,  secoiidr.!  l.v 
Mr.  \V.  T.  Seaton. 


GOVERNING  MECHANISM  FOR  OIL  ENGINES. 

Thk  accompanying  illustrations  show  an  arrangement  Ear 
governing  the  speed  of  oil  engines  and  niaint ainin<r  a 川 ()r" 
even  temperature  in  the  vaporiser  on  all  loads,  the  joint 
invention  of  Messrs.  E.  C.  Blackstone  and  F.  &  E.  Carter, 
Rutland  Engineering  Works,  Stamford.  There  is  fixed  on 
the  engine  crank  shaft  the  spur  pinion  A  which  drives  the 
governor  disc  B  at  half  the  crank-shaft  speed.  On  this  disc 
is  pivoted  at  D  the  swinging  cam  C，  which  has  fixed  to  it  i\w 
ledger  plate  E，  adapted  to  engage  with  the  ledger  J  on 丄 lie 
governor  weight  G，  which  is  pivoted  to  the  disc  B  at  H.  The 
governor  weight  resistance  spring  is  indicated  at  K.  The 
swinging  cam  C  operates  both  the  inlet  and  exhaust  valves, 
the  inlet  valve  or  valves  through  the  roller  N,  lever  L,  pivoted 
at  M，  and  the  push  rod  P,  and  the  exhaust  valve  through 
the  roller  T，  lever  R，  pivoted  at  S，  and  the  push  rod  Q. 
Eccentric  adjustable  stops  O  U  are  provided  for  the  valve 
levers  L  and  R.  The  swinging  cam  C  opens  and  closes  the 
exhaust  valve  at  the  usual  times,  but  anotlier  auxiliary 
exhaust  cam  V  of  shorter  phase  is  formed  integral  with  the 
disc  B,  this  cam  being  fixed  a  shade  in  advance  of  the  swing- 
ing cam,  so  as  to  take  the  work  of  starting  the  exhaust  valve 


from  rest .  The  roller  T  is  of  double  width  to  engage  both 
the  fixed  and  swinging  cams,  but  the  roller  N  is  a  narrow 
roller  and  engages  the  swinging  cam  only.  During  governing 
periods  the  weight  G  flies  outwards,  and  the  swinging  cam 
being  no  longer  supported  fails  to  open  the  valves,  but  is 
pressed  down  by  the  valve  rollers  T  and  N  on  to  the  sleeve  W 
against  the  spring  F，  which  returns  it  to  its  normal  position 
after  the  raised  portion  of  the  cam  has  passed  the  rollers. 
The  swinging  cam  being  inoperative,  the  exhaust  valve  is 
actuated  by  the  fixed  cam  V，  which  does  not  lift  the  exhaust 
valve  so  much  as  the  swinging  cam  and  closes  it  about  half- 
way  of  the  exhaust  stroke,  causing  a  portion  of  the  exhaust 
gases  to  be  compressed,  thus  retaining  the  heat,  of  the  com- 
bustion chamber  and  vaporiser  during  governing  periods. 


THE  USE  OF  STONE  DUST  FOR  PREVENTING  COLLIERY 
EXPLOSIONS. 

At  a  meeting  of  the  Midland  Institute  of  Mining  Engineers 
recently  held  at  J)(>iicaster,  Mr.  Robert  Clive  read  a  pap''r 
on  "  Stone-dusting  at  Heiitley,"  wlii<*li  whs  ； i  report  presented 
to  the  Doncaster  Coal-owners  (Gob-Fires)  Coniifiitte^.  Tin- 
author  said  the  value  of  incombustible  dust  as  a  means  of 
retarding,  if  not  preventing,  coal-dust  explosions  was  now 
universally  admitted  by  all  mitiiug  engineers  who  had  studied 
the  subject.  Experiments  made  by  the  Eskrneals  Couiniittee 
conclusively  proved  that  incombustible  dust  did  not  render 
a  mixture  of  firedamp  and  air  more  inflarninable,  but,  on  the 
contrary,  owing  to  t  lie  heat-absorbing  properties  of  the 
material  used,  the  mixture  was  slightly  less  inflammable. 
The  Altofts  experiments,  made  on  a  practical  scale,  showed 
that  a  mixture  of  stone-dust  and  coal-dust  in  the  proportion 
of  1  to  1  was  not  explosive.  The  same  result  had  been  con- 
firmed by  the  Eskmeals  experiments.  At  Bentley  the  pure 
coal  contained  from  3  to  3i  per  cent,  of  ash ,  and  the  incom- 
bustible dust  used  for  stone-dusting  about  88  per  cent,  of  ash. 
A  mixture  yielding  50  per  cent,  of  ash  would  therefore 
contain  about  54*8  per  cent,  of  stone-dust  and  45*2  per  cent, 
of  coal-dust.  The  12  per  cent,  of  volatile  matter  in  the  stone- 
dust  consisted  mostly  of  moisture,  partly  of  carbon  dioxide, 
with  a  slight  percentage  of  inflannnable  material. 

Under  the  present  existing  conditions  at  this  colliery  it 
might  be  said  to  be  a  practical  proposition  to  keep  the  main 
haulage-roads,  travelling-roads,  returns,  and  crossgates  iu  a 
thoroughly  safe  condition,  with  the  average  percentage  of 
ash  in  the  fine  dust  from  several  samples  between  50  and  60 
per  cent.,  or  something  like  in  the  proportion  of  just  over  1 
of  stone-dust  to  1  of  coal-dust.  To  get  and  keep  a  much 
higher  percentage  of  stone-dust  than  this  would,  the  autlior 
thought,  be  impracticable,  owing  to  tlie  very  large  quantity 
that  would  have  to  be  constantly  applied.  He  did  not  think 
it  practicable  or  necessary  to  stone-dust  the  crossgates  imme- 
diately contiguous  to  the  face,  the  ordinary  gates,  or  tlie 
face,  as  the  quantity  of  dust  was  small,  the  dust  was  coarse, 
and  it  contained  well  over  37  per  cent,  of  ash.  It  was  also 
impracticable,  owing  to  the  fact  that  the  face  roads  were 
turned  over  twice  or  three  times  a  week,  and  it  would  be 
necessary  to  stone-dust  the  face  every  turnover. 

The  proportion  of  10  of  stone-dust  to  1  of  coal-dust  had 
been  frequently  mentioned  as  a  practical  proportion  by 
mining  engineers,  as  well  as  by  some  Inspectors  of  Mines. 
In  the  writer's  opinion,  it  was  absolutely  impossible  to  keep 
any  roadway  up  to  this  standard,  and  it  was  quite  unneces- 
sary to  do  so.  At  Bentley  the  natural  dust  deposited  in  all 
the  roadways,  and  in  the  face  itself,  was  exceedingly  high  in 
ash  (from  28  to  55  per  cent.).  In  this  case  therefore  a  smaller 
quantity  of  stone-dust  was  necessary  to  produce  a  safe  per- 
centage of  ash  than  would  be  the  case  in  mines  which  produced 
a  more  dangerous  dust.  Mr.  Clive  gave  the  following  par- 
ticulars of  the  actual  effect  of  ash  on  recent  explosions:  — 

Courrieres  Explosion,  March,  1906. — An  analysis  of 
samples  demonstrated  that  the  flame  traversed  the  roads 
where  the  dust  contained  up  to  28  per  cent,  and  less  of  ash, 
and  in  one  case  there  was  only  8*8  per  cent,  of  ash.  Thev 
also  showed  that  the  explosion  stopped  where  the  dust  con- 
tained 42*3  to  59*9  per  cent,  of  ash. 

Talk-o，- th，-IIill  Explosion,  May,  1901.— The  flame  tra- 
versed the  roads  where  the  dust  contained  up  to  315  per  cent, 
of  ash.  The  explosion  stopped  where  the  dust  contained 
44  per  cent,  and  possibly  39  per  cent  of  ash. 

Cadebv  Explosion,  July,  1912. 一 It  is  difficult  to  draw  ar\* 
conclusions  from  the  data  given  in  the  report  on  this  explo- 
sion, but  the  author  understands  that  in  all  cases  the 
explosion  ceased  where  the  dust  contained  36  per  cent,  or 
more  of  ash. 


New  Light  Armoured  Cruisers.  Tlie  li^ht  nuiMT  Coi-delia"' 
was  successfully  laiuK-hed  fro，"  Pembroke  Dockyard  on  the 
23rd  ult.  She  is  the  third  of  the  class  to  be  launched,  the 
other  two  being  the  "  Aretliusa  "  at  Chatham  and  the 
" Aurora  ，'  at  Devonport.  The  light  cruiser  "  Cleopatra  '， 
was  laid  down  at  Devonport  Dockyard  on  the  25th  ult. 
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AIR  FILTRATION,  WITH  SPECIAL  REFERENCE  TO  THE 
VENTILATION  OF  ELECTRICAL  MACHINES.* 

BY  WILLIAM  ERNEST  GURRY,  STUD. INST. C.E. 

This  subject  has  been  chosen,  first  because  air  filtration  has 
long  been  essential  to  many  industries,  and  has  been  recog- 
nised as  an  almost  necessary  improvement  to  as  many  others, 
and  secondly  because  it  has  a  most  important  bearing  on 
the  mechanical  production  of  power.  As  applied  generally 
to  a  wide  range  of  industries,  some  methods  of  air  filtration 
may  be  described  here.  Where  light  and  dusty  products  of 
comparatively  high  value  are  dried  by  circulation  of  hot  air 
it  is  often  advantageous  to  collect  the  material  which  has 
been  mechanically  carried  away  by  the  air.  To  accomplish 
this  the  most  crude  form  of  apparatus  is  necessary,  and  usually 
consists  of  a  chamber  (of  sufficient  cross-section  to  enable  the 
gas  to  pass  thtough  at  a  low  velocity)  having  a  series  of 
cloths  stretched  across  it.  A  modified  form  of  this  apparatus 
has  been  used  for  separating  dust  from  blastfurnace  gases. 
This  consists  of  bands  of  textile  material  circulating  across 
the  casing  or  flue  at  right  angles  to  the  direction  of  the  flow 
of  gases  and  passing  outside  through  gaslight  slots  into  a 
chamber  fitted  with  vacuum  dust  extractors,  which  con- 
tinuously remove  the  filtered  dust  from  the  bands. 

An  electrical  method  for  the  deposition  of  suspended 
particles  in  air  is  also  of  some  interest,  particularly  in  cases 
where  pure  dry  air  is  required  in  comparatively  small  quan- 
tities. The  current  used  for  this  purpose  is  one  of  high 
tension,  and  its  action  induces  the  agglomeration  of  suspended 
particles  into  aggregates  sufficient  in  size  to  settle  under  the 
influence  of  gravity.  The  current  is  produced  by  transform- 
ing alternating  current  up  to  20,000  to  30,000  volts,  and 
then  commutating  this  high  potential  current  into  inter- 
mittent direct  current  by  means  of  a  special  rotary  contact- 
maker  driven  by  a  synchronous  motor.  This  process  was  first 
used  for  the  deposition  of  acid  mist  in  a  works  producing 
sulphuric  acid  by  the  Mannheim  contact  process.  It  has 
also  been  used  in  a  modified  form,  and  with  suitably  con- 
structed apparatus,  for  the  removal  of  suspended  matter  from 
gases  evolved  in  lead  and  copper  smelting  works  and  the  gases 
from  Portland-cement  kilns. 

Perhaps  the  most  interesting  of  all  applications  of  air 
filtration  is  its  adaptation  to  the  system  for  ventilating  elec- 
t  riral  machines  for  the  production  of  power  ；  this  being  one 
of  the  mast  interesting  problems  in  engineering.  It  is  more 
than  ever  interesting  to-day  on  account  of  the  active  com- 
petition existing  between  the  various  systems  for  its  pro- 
duction. This  competition  is  made  even  more  keen  when  we 
realise  that  there  are  a  host  of  engineers  and  inventors 
striving  towards  lower  consumption  of  power  by  the  various 
machines  to  which  electricity  has  been  applied.  The  station 
engineer,  finding  the  demand  for  power  thus  decreasing,  has 
to  turn  his  attention  to  its  more  economical  production. 

THe  brilliant  invention  and  application  of  steam  as  a  prac- 
tical motive  power  by  James  Watt,  long  and  most  useful  as 
its  career  has  been,  cannot  be  looked  upon  as  the  ultimate 
solution  of  the  power  problem  even  for  large  powers. 
Immense  improvements  can,  however,  be  made,  and  it  is  quite 
probable  that  it  will  still  have  an  enormous  application, 
since  there  is  at  present  no  other  system  which  will  completely 
fill  the  same  requirements.  With  a  high  temperature  steam 
turbine  of  large  size  generating  electricity  to  supply  power 
for  all  purposes  on  land,  one  has  the  advantage  of  a  machine 
of  high  efficiency  which  is  not  limited  to  oil  for  its  fuel. 
After  all,  the  great  problem  of  the  country  is  so  to  utilise 
the  coal  produced  that  it  may  fulfil  our  every  requirement. 
It  is  probable  that  as  improvements  are  made  the  whole  of 
the  coal  used  for  firing  will  be  gasified  and  the  by-products 
recovered.  This  done,  we  shall  not  only  have  an  ample  and 
cheap  supply  of  fertiliser  for  the  land,  but  also  a  great  quan- 
tity of  tar  and  oils  which  will  form  a  suitable  means  of  firing 
for  naval  purposes,  and  obviate  the  necessity  of  purchasing 
fuel  oil  from  abroad  and  the  risk  and  cost  it  involves.  We 
shall  also  have  a  fair  supply  of  benzol  for  small  motor  require- 
ments. This  gives  a  fairly  practical  solution  of  the  fuel 
problem,  and  when  we  consider  that  the  electric  motor  giving 


*  Paper  read  bcfoi-e  the  Students'  section  of  the  Institution  of  Civil  En^inoers 
December  19th.  1913. 


its  power  in  a  rotary  form  supplied  from  large  stations  is  fast 
displacing  all  forms  of  steam  engine,  we  may  fairly  safely 
assume  that  the  solution  of  the  power  problem  is  to  be  found 
by  applying  large  steam-driven  turbines  to  electrical  genera- 
tors, and  working  along  these  lines,  any  increase  in  economy 
is  only  to  be  obtained  by  refinements  to  be  made  in  and  in 
connection  with  existing  machinery. 

A  great  difficulty  in  connection  with  turbo-driven  genera- 
tors for  years  past  has  been  the  "  heating  up  "  of  the  electrical 
windings  and  the  consequent  danger  to  the  insulations  ；  it 
might'  be  almost  said  that  the  temperature  rise  which  the 
machines  will  stand  is  the  only  condition  governing  their 
output.  This  difficulty  was  at  first  overcome  by  running  the 
machines  with  open  ends  and  natural  ventilation,  but  the 
rise  in  temperature  at  even  less  than  full  load  was  often 
excessive.  It  was  then  found  that  by  fitting  end  bells,  air 
ducts,  and  forced  ventilation,  the  manufacturers,  without 
materially  altering  the  design,  were,  with  the  same  size  of 
machine,  able  to  nearly  double  the  output  with  diminished 
rise  in  temperature,  and  at  the  same  time  to  proportionaiely 
reduce  the  selling  price  per  kilowatt  of  rating.  Although 
this  proved  a  great  asset  to  purchasers,  and  the  advantages 
of  the  system  were  manifest,  there  were  still  minor  difficulties 
to  be  contended  with,  chief  among  which  were  the  filtration 
and  conditioning  of  the  air  before  passing  it  into  the  machine. 
This  was  at  first  accomplished  by  using  cloth  screens  of  rather 
a  crude  nature. 

The  air  required  to  effectively  cool  a  5,000  kw.  set  is 
approximately  30,000  cub.  ft.  per  minute,  or  about  6  cub.  ft. 
per  minute  per  kilowatt,  and  is  usually  drawn  from  outside 
the  building,  or,  under  some  conditions,  from  the  engine-room 
basement.  Wherever  possible,  it  is  far  preferable  to  place 
the  filter  outside  the  building.  In  cases  where  this  apparatus 
is  placed  inside  the  building,  the  air  duct  between  the  filter 
and  the  generator  is  necessarily  short,  and  often,  owing  to  the 
sharp  corners  that  have  to  be  encountered,  "  channelling  ，，  of 
the  air  occurs,  with  the  result  that  the  eliminator-plates  are 
hampered  in  their  work  and  the  air  passing  through  is  not 
relieved  of  all  its  moisture.  A  case  in  point  is  one  in  which, 
owing  to  th-e  filter  being  placed  directly  under  the  generator, 
a  sharp  corner  occurred  in  the  duct,  and  the'  air  on  the  inner 
corner  had  a  velocity  25  per  cent,  less  than  that  on  the  outer. 
The  result  was  that  the  air  going  directly  round  the  corner 
retained  some  of  its  ^re^  moisture,  which  passed  directly 
upward  into  the  machine.  This  state  of  affairs  would  nut 
have  occurred  if  the  filter  had  been  placed  outside  the  build- 
ing, when  the  ducts  would  have  been  longer  and  contained 
easy  bends.  Further,  air  drawn  from  outside  the  building  is 
usually  lower  in  temperature  than  that  in  the  engine-room 
basement  and  will  therefore  have  a  greater  cooling  effect  on 
the  generator. 

The  question  of  oil-vapour  in  the  atmosphere  is  also  of 
importance  in  deciding  the  best  point  from  which  to  draw  air 
for  cooling  purposes,  particularly  so  in  cases  where  no  filters 
are  used.  In  most  districts  in  this  country  there  is  a  pre- 
valent wind  ；  this  is  very  marked  on  the  North-east  Coast, 
where  the  winds  blow  in  a  comparatively  constant  direction 
for  nine  months  in  the  year.  In  these  cases  air  should  be 
drawn  from  outside  the  building  on  the  leeward  side.  Any 
dust  drawn  into  the  machine  will  settle  to  a  certain  thickness, 
but  beyond  this,  being  dry,  it  will  be  drawn  off.  If,  however, 
there  is  any  oil-vapour  in  the  air,  this  dust  will  keep  on  piling 
up  until  the  machine  becomes  quite  choked  up.  Further, 
in  the  case  of  using  cloth  filters,  the  presence  of  oil-vapour 
makes  the  cleaning  of  cloths  far  more  difficult.  In  some 
cases  it  is  possible,  where  only  ordinary  dusty  air  is  being 
filtered,  to  clean  these  cloths  by  means  of  vacuum  cleaners  ； 
but  wliere  oil-vapours  are  present  the  only  way  to  accomplish 
the  same  end  is  to  remove  the  cloths  and  boil  the  dirt  out 
of  them . 

Circulation  of  air  is  accomplished  by  means  of  separate 
electrically-driven  fans,  or  by  fans  built  in  the  machine  on 
the  rotating  parts.  This  arrangement  is  particularly  favour- 
able to  comparatively  small  units,  say,  3,000  kw.  to  5,000  kw., 
being  cheaper,  more  efficient,  and  reliable.  Where,  however, 
units  of  high  power  are  running  it  is  preferable  to  provide  a 
main  air  duct  common  to  all  the  machines,  having  a  branch 
and  damper  to  each,  and  to  have  fans  on  the  motors  them- 
selves, supplemented  by  motor-driven  fans  for  use  under 
excessive  overload  conditions,  t-he  air  filters  being  fitted  at 
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the  end  of  the  intake  duct  in  a  suitable  house  outside  the 
building. 

Air  in  tlic  surroundings  of  a  power-liouse  is  always  charged 
wit  U  (hie  particles  of  dust  in  suspension,  t  iiis  l)i;ing  particu- 
larly so  in  niaiiufacturiii^  and  coal-mining  districts.  Unless 
every  care  is  taken  to  remove  tliis  dust,  the  windings  of  the 
machine  become  caked  and  the  air  ducts  choked,  and  with  tlie 
consequent  rise  in  temperature  there  must  necessarily  be  a 
(.'ori'espoiuling  decrease  in  efficiency.  The  state  of  affairs  in 
this  direction  may  be  seen  at  a  glance  by  using  a  sensitive 
air  gauge,  which,  fitted  to  the  air  duct,  becomes  a  most  useful 
accessory.  In  cases  where  the  precaution  of  removing  dust 
from  the  air  is  not  taken,  there  can  be  little  doubt  that  the 
heat  and  constant  action  of  the  dust  and  grit  impinging  at 
high  velocity  on  the  windings  must  seriously  affect  their 
insulation.  In  fact,  the  action  is  so  detiimental  as  to  make 
the  surface  of  the  windings  porous.  The  insulation  of  a 
machine  in  this  conditio^  allowed  to  cool  down  in  a  humid 
atmosphere,  will  rapidly  fall  to  far  below  a  safe  figure  owing 
to  al 應' ption  of  moisture.  To  this  cause  may  be  attributed 
many  more  or  less  mysterious  "  burn-outs."  This  unpleasant 
experience  is  by  no  means  rare,  and  usually  occurs  when  a 
machine  is  again  brought  into  duty  after  a  lengthy  rest. 

The  type  of  air-conditioning  apparatus  most  generally  in 
use  consists  of  a  closely-woven  cloth  stretched  on  a  suitable 
framework  and  arranged  so  as  to  present  a  large  surface  to 
the  incoming  air  in  order  to  keep  the  pressure  and  velocity 
at  this  point  as  low  as  possible.  Allowing  one-fifth  of  a  square 
foot  of  filter-cloth  per  cubic  foot  of  air  per  minute,  we  have 
an  extremely  low  velocity  and  consequently  no  appreciable 
pressure  on  the  cloth.  In  the  previously  mentioned  example, 
30,000  cub.  ft,  of  air  per  minute  were  required  to  effectively 
cool  a  generator  of  5,000  kw.  ；  allowing  a  velocity  at  5ft.  per 
minute,  we  find  that  the  filter-cloth  surface  required  is 
6,000  sq.  ft.  Naturally  this  will  not  be  arranged  in  one  sur- 
face, the  usual  method  being  to  arrange  the  surfaces  in  a 
number  of  cylindrical  forms  grouped  together  vertically  or 
horizontally.  However,  under  the  most  favourable  conditions, 
such  filters  can  only  be  regarded  as  partially  filling  a  most 
needed  want,  and  possess  many  disadvantages,  among  the 
foremost  being :  (1)  Relatively  large  space  necessary  for 
accommodation.  (2)  Frequency  of  cleaning  to  keep  them  in 
running  order.  At  Deptford  in  a  heavy  fog  it  was  necessary 
to  clean  the  filter-cloths  every  48  hours.  (3)  Short  life  of 
filter-cloth.  (4)  Annual  expense  in  filter- cloths,  which  are 
costly  to  renew,  and  which  may  on  moderate-sized  units  cost 
as  much  as  0*66s.  per  kilowatt  per  annum.  (5)  Length  of 
time  necessary  to  clean  the  filter,  which  is  a  dirty  job,  and 
can  hardly  be  carried  out  without  taking  the  machine  out  of 
commission  for  a  considerable  time.  (6)  Risk  of  fire  owing 
to  the  combustible  nature  of  the  filter-cloth.  (7)  Frequency 
of  choking  up  unless  a  liberal  area  is  provided,  which  with 
consequent  rise  in  air  pressure  often  causes  the  cloths  to  burst. 

It  should  be  noted  that  the  air  pressure  on  the  intake  duct 
should  never  be  allowed  to  rise  above  lin.  to  l|in.  water 
gauge.  Above  this  there  is  a  likelihood  of  oil-vapour  being 
drawn  in  from  the  bearings,  if  the  oil  is  run  at  an  excessively 
liigh  temperature,  which  often  occurs  with  turbine  installa- 
tions and  which  is  most  harmful  to  the  insulatiou.  These 
troubles  have  sometimes  become  so  arduous  that  filter-cloths 
have  been  cut  out  altogether,  the  machine  running  better 
without  them.  A  moderately  efficient  substitute  was  found 
in  using  screens  of  Kaiar  matting,  kept  continually  wetted 
by  water  trickling  over  its  surface  from  a  perforated  pipe 
above  ；  the  matting  being  cleansed  by  periodically  flushing  it 
with  water  and  occasionally  also  thoroughly  cleansiug  with 
a  hose. 

This  finally  led  to  the  adoption  of  a  principle,  a  modified 
form  of  which  has  long  been  used  where  tlie  Plenum  system 
lias  been  adopted  for  the  ventilation  of  public  buildings.  This 
is  the  use  of  a  water-spray.  To  draw  air  which  has  been 
previously  passed  through  water  into  the  internal  parts  of  a 
iiigh-tension  generator  seems  at  first  sight  to  be  rather  a  risky 
proposition,  but  experiments  made  in  connection  with  such  an 
equipment  for  ordinary  ventilation  purposes  were  made  in 
London  and  proved  higlily  successful.  The  machine  consists 
of  a  strong  rectangular  galvanised  sheet-steel  chamber,  one 
end  of  which  is  open  and  serves  as  the  air  intake.  Tliis 
opening  is  of  sufficient  size  to  ensure  the  velocity  of  the  air 


at  ( his  point  btiiiig  fairly  low  when  tho  inarhiiie  is  ruimm'-' 
at  top  speed,  and  is  fitted  with  louvres  wliicli  evenly  distrilni*** 
the  incoming  air  on  to  the  water  screens  fitted  some  2f I  -  or 
so  inside.  Tliis  is  made  up  of  a  number  of  small  noz/.li- - 
spaced  about  6in.  apart  uniformly  over  tlie  entire  area. 
Boyoiul  1 1iis  w  an  cliriiinator  is  placed,  and  air  passing 

llirou^li  is  relieved  o\'  its  rnoistun-  l>v  <<>]\\m-\  with  it s  |'1;山'-, 
which  are  very  similar  to  those  placed  in  an  ordinary  oil 
separator,  such  as  is  fitted  in  many  engine  exhaust  pipos, 
and  so  directly  into  the  generator.  Tlu*  base  of  tlie  chaniber 
forms  a  fresh-water  tank,  and  has  a  hall  cock  on  the  8U[>]>ly 
pipe  to  keep  a  constant  level  and  make  up  for  any  loss  by 
evaporation.  A  small  centrifugal  punip  circulates  this  water 
at  a  pressure  of  about  201bs.  to  251bs.  per  square  inch  tlir' 川 
tlie  system .  The  nozzles  project  the  water,  in  the  form  of 
an  atomised  spray,  directly  against  the  incoming  air.  Tliis 
space,  when  the  apparatus  is  working,  lias  the  appearance  of 
a  dense  bank  of  cloud,  and  all  solid  matter  in  suaj>ension  in 
the  incoming  air  is  caught  and  precipitated  in  the  tank.  Any 
moisture  or  grit  mechanically  carried  beyond  this  is  efT*v- 
tively  trapped  by  the  eliminator,  and  nothing  but  the  remain 
ing  and  now  cool  humid  air  passes  on  into  "if  machine. 

Tlie  advantages  of  this  type  of  filter  are :  (1)  Compara- 
tively small  space  required  for  accommodation.  (2)  Rapidity 
and  ease  with  which  the  apparatus  may  be  cleaned,  it  being 
only  necessary  to  shut  down  the  pump  and  drain  off  the  water 
at  intervals  dependent  on  the  amount  of  suspended  matter 
in  the  air,  wash  out  the  tank  with  a  hosepipe,  fill  and  start 
the  pump  again.  All  this  can  be  accomplished  in  a  very 
short  time  without  even  taking  the  machine  off  load.  (3) 
The  life  of  the  apparatus  is  practically  unlimited.  (4)  There 
are  no  costly  filter-cloths  to  rinse  and  clean,  and  the  running 
expenses  are  more  than  balanced  by  (a)  increased  output  of 
the  system ,  (b)  decreased  load  on  fan,  as  the  water  gauge  is 
constant.  (5)  There  is  no  fire  risk.  (6)  Resistance  to  air  has 
proved  to  be  less  than  one-third  that  due  to  filter-cloths,  and 
is  constant.  Thus  the  power  for  driving  the  main  fan  is 
proportionately  less,  whilst  the  total  energy  consumed  by  t  lw 
whole  outfit,  including  an  allowance  for  the  water-circulating 
pump,  shows  a  substantial  saving  over  that  required  for 
driving  the  cloth  filter.  (7)  After  passing  through  the  water- 
screen  filter  the  air  is  not  only  pure  but  is  several  degrees 
colder  than  the  surrounding  air,  due  to  its  being  reduced  to 
wet>bulb  temperature.  The  effect  of  this  air  volume  for 
volume  is  therefore  proportionately  greater  and  is  most 
marked  during  the  hot  summer  months,  when  an  extra  cooling 
effect  is  of  the  greatest  benefit. 

In  climates  where  extremes  of  heat  and  cold  are 
experienced  it  is  advisable,  in  order  to  avoid  freezing  of  the 
water,  to  fit  a  steam  coil  in  the  bottom  of  the  tank  and  to 
guard  against  surrounding  air  of  extremely  high  temperature 
by  inserting  a  small  refrigerating  plant  in  the  water- 
circulating  system,  to  further  cool  and  control  the  tem- 
perature of  the  air  down  to  a  degree  below  the  corresponding 
wet^bulb  temperature.  By  this  means  it  is  possible  to 
reduce  the  air  temperature  to  within  a  few  degrees  of  the 
temperature  of  the  water  through  which  it  is  passed. 

The  cost  of  the  water-screen  filter  naturally  varies  with 
the  size  of  the  generator  to  which  it  is  fixed,  and  in  moderate- 
sized  machines  is  higher  by  about  60  per  cent.  On  large 
machines  the  advantage  is  with  the  water-screeu  type  of  filter. 
A  fair  comparison  between  them  cannot,  however,  be  made 
from  initial  cost,  as  often  by  installing  such  a  plant  it  is 
possible,  by  so  being  able  to  maintain  a  higli  overload  on  a 
generator,  to  save  the  cost  of  a  new  installation,  due  to 
increased  coaling  effect  obtained,  especially  in  hot  weather. 
An  extra  10  to  15  per  cent,  overload  can  be  carried  on  any 
machine  so  equipped  without  im-reasing  the  final  tem"'  ra- 
ture,  and  if  refrigeration  is  introduced  iuto  the  circulating 
system  and  the  air  consequently  further  reduced  iu  tem- 
perature, tliis  overload  capacity  may  be  still  further  increased 
to  25  or  30  p&r  cent.  This  being  tlie  case,  it  would  uob  be 
without  precedent  to  foreshadow  that  in  the  near  future 
turbines  to  drive  electro-generators  will  be  of  ample  size  to 
cope  with  the  extra  heavy  overloads  to  which  they  may  be 
subjected.  Tlio  diiIv  condition  then  governing  their  output 
will  be  a  predetermined  safe  limit,  temperature,  and  the 
indication  of  safety  by  volt  and  ampere  meters  will  be  replaced 
by  electritallv-cont rolled  thermometers.  The  additional  out- 
put  obtainable   for   the   same  capital  outlay  by  the  extra 
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cooling  effect  of  this  system  is  perhaps  its  chief  advantage, 
ami  am])ly  justifies  its  general  adoption. 

One  of  the  first  machines  to  which  this  system  was  fitted 
was  one  in  service  in  the  South  of  England,  generating  three- 
phase  alternating  current,  50  periods,  at  3,000  volts,  with 
250  volts  excitation  on  the  field  windings.  After  running  for 
more  than  a  year  with  entire  satisfaction,  the  insulation 
resistance  has  been  consistently  maintained?  showing  that  any 
moisture  carried  through  has  harmlessly  evaporated  on  the 
warm  windings  of  the  machine,  and  that  this  type  of  filter 
can  be  used  with  safety  for  ventilating  high-tension  machines, 
or  air-cooled  transformers,  without  detriment  to  their  insula- 
tion. Humidity  of  the  air  may  even  be  said  to  be  beneficial, 
preventing  the  insulation  from  becoming  baked  liarcl  to 
destruction,  which  is  too  often  the  case  with  machines  run  at 
a  high  temperature,  and  on  heavy  overloads  with  dry  air 
circulating  through  them. 

A  great  point  about  the  application  of  the  water-screen 
filter  to  the  ventilation  of  electric  generators  is  that  it  has  led 
to  some  most  useful  discoveries,  and  added  considerably  to  our 
knowledge  of  the  actual  conditions  under  which  generators 
were  working.  The  station  engineer  has  been  able  to  discover 
many  of  the  causes  of  the  not-infrequent  (i  breakdowns,"  and 
the  dynamo  builder  has,  on  the  other  hand,  now  been  able  to 
modify  his  design  to  remedy  these  conditions. 

The  results  of  a  test  taken  recently  on  a  large  generator 
led  to  some  rather  interesting  changes  being  made.  It  was 
decided  to  test  the  effect  of  moisture  from  a  wet-air  filter  on 


duct,  and  thus  we  may  say  that  the  introduction  of  the  water 
screen  has  also  led  to  greater  safety  and  reliability.  Units 
of  plant  of  10,000  kw.  and  upwards  are  now  by  no  means 
uncommon  and  are  being  installed  by  many  large  under- 
takings throughout  the  country,  and  this  system  of  filtering 
and  conditioning  air  seems  to  be,  as  far  as  present  knowledge 
goes,  the  most  satisfactory  solution  of  a  somewhat  difficult 
problem. 


LIEBERTS  SLOTTING  MACHINE. 

In  practice  it  has  been  found  that  in  the  heavy  types  of 
slotting,  shaping,  and  planing  machines  with  rack  and  pinion 
feed  the  movable  tool  head  or  work  table,  when  suddenly  fed 
in  a  very  short  period  of  time,  moves  with  great  resistance, 
and  thus  the  tool  is  led  irregularly.  With  a  view  to  over- 
come this  objection,  Mr.  Henry  Liebert,  of  South  Drive,  St. 
Annes-on-the-Sea,  has  patented  the  arrangement  illustrated, 
Fig.  1  being  a  side  elevation  partly  in  section,  and  Fig.  2  a 
cross-sectional  view  of  a  slotting  machine  with  rack  aud  pinion 
feed  and  movable  tool  head.  A  is  the  tool  bed,  B  the  tooi 
head,  C  the  racks  on  the  machine  bed,  D  the  feed  pinions 
in  gear  with  the  racks,  E  the  axles  on  which  the  pinions  are 
secured,  and  F  the  bearings  on  the  tool  head  in  which  the 
axles  are  mounted.  An  anti-friction  roller  G  is  arranged  at 
each  side  of  the  feed  pinion  D,  rigidly  secured  to  the  axle  E. 
The  anti-friction  rollers  run  upon  the  machine  bed  A  on  each 
side  of  the  racks  C，  and  are  held  laterally  in  position  together 


Figs.  1  and  ^2— Slotting  Machine,  with  IUck  and  Pinion  Feed  and  Movable  Tool  Hi; ad. 


the  insulation.  After  running  for  18  hours  the  insulation 
was  found  to  have  dropped  from  16  megohms  to  3  megohms. 
The  machine  was  then  allowed  to  stand  for  some  time',  and 
after  two  hours  the  insulation  resistance  had  risen  to  14 
megohms.  On  the  face  of  it,  such  a  change  is  most  extra- 
ordinary, it  being  common  knowledge  among  engineers  that 
the  drying  of  high-powered  electrical  generators  is  a  long  and 
expensive  job.  On  running  without  the  filter  and  making 
similar  tests  the  drop  in  the  insulation  resistance  was  found 
to  be  even  more  marked.  A  rather  curious  explanation  is 
that  the  day  was  a  foggy  one.  The  drop  in  insulation 
resistance  was  found  to  be  due  to  settlement  of  moisture  on 
the  neutral  earth-wire  which  was  in  the  air  duct  between  the 
filter  and  generator.  On  standing,  this  moisture  evaporated 
and  a  rise  in  the  resistance  resulted .  The  drop  was  most 
marked  when  running  without  the  filter,  because  the 
imfiltered  air  contained  most  free  moisture,  which  settled  on 
the  neutral  earth-wire. 

The  humidity  of  the  air  surrounding  installations  of  cool- 
ing towel's  often  reaches  a  figure  as  high  as  90  to  100  per  cent. 
This  air,  drawn  through  ordinary  cloth  filters,  represents  the 
same  condition  as  regards  risk,  if  any,  to  the  insulation  due 
to  humidity,  but  without  the  cooling  and  cleansing  effects  of 
the  water-screen.  Such  results  go  to  show  that,  contrary  to 
being  opposed  to  the  water-screen  filter  for  generator  ven- 
tilating, engineers  should  rather  welcome  it,  since  the  risk 
to  the  insulation,  if  any,  has  been  lessened.  The  danger  of 
flashing  across  the  terminals,  when  these  are  coated  with 
moisture,  has  disappeared  with  their  removal  from  the  air 


with  the  pinion  D  by  the  axle  bearings  F.  The  axles  E  are 
connected  together  at  each  side  of  the  tool  head  B  by  means 
of  worm  and  worm- wheel  gearing  H  J,  the  worm  wheel  J  being 
secured  to  the  outer  end  of  each  of  the  axles  E  and  1 1 1 c 
worms  H  upon  a  common  shaft  K  mounted  in  bearings  L，  M 
in  the  tool  head  B.  The  worms  H  are  rendered  longitudinally 
adjustable  towards  each  other  on  the  shaft  K  to  permit  of 
adjusting  tlie  feed  pinions  D  relative  to  the  teeth  of  the 
racks  C，  and  thereby  obviate  backlash  between  the  feed 
pinions  and  the  racks.  The  adjustment  is  obtained  by  fur- 
nishing each  end  of  the  shaft  K  with  a  sleeve  N  mounted 
in  the  shaft  bearings  M，  one  end  of  the  bush  bearing  against 
the  adjacent  end  of  the  worms  H，  while  the  other  end  has 
a  flange  through  which  pass  bolts  screwed  into  the  bearings 
M  which  permit  of  longitudinally  adjusting  the  sleeves  N 
and  thus  the  worms  H.  By  connecting  together  the  feed 
pinions  D  on  each  end  of  tlie  tool  head  B，  as  described,  they 
became  interlocked  with  the  racks  C，  and  the  tool  head  is 
thus  prevented  from  vibrating  or  being  pushed  back.  Each 
of  the  work  shafts  K  is  geared  up  by  means  of  bevel-wheel 
gearing  P，  Q  and  shaft  R  and  S,  with  a  suitable  feed  motion, 
so  as  to  rotate  in  unison  with  each  other. 


Disastrous  Boiler  Explosion  near  Berlin.— A  terrible  boiler 
explosion  occurred  on  Thursday,  the  26th  ult.?  at  an  aniline 
dyeworks  at  Rummelsburg,  East  Berlin ,  at  least  ten  persons 
being  killed  and  50  others  injured.  The  factory  buildings 
were  reduced  to  heaps  of  ruins,  whicli  afterwards  caught  fire 
and  made  the  work  of  rescue  very  difficult. 
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OIL  FUELS  AND  THEIR  APPLICATION  TO  THE  GENERATION 
OF  POWER.* 

UV  l'KOF.  THOMAS  GRAY,  D.SC,  AND  PROF.  A.  L.  MKLLANUY,  U.SC. 

(i'tmrhiflcfl  fro m  paf/<'  W.) 

Petroleum. ― Crude  petroleums  vary  greatly  in  diai-actci- ； 
some  varieties  are  pale  coloured,  mobile  liquids,  wliile  ot.licrs 
are  black  and  highly  viscous.  The  specific  gravity  ranges 
from  07  to  106,  and,  even  in  the  same  field,  the  gravity  of 
the  oil  is  subject  to  considerable  variation.  Tliese  oxtrciiu' 
values,  however,  are  comparatively  rare,  ih©  bulk  of  tho  oil 
having  a  specific  gravity  between  0  8  and  0  95.  The  flash 
point  of  crude  petroleum  varies  from  below  0°  Fah.  to 
temperatures  above  300°  Fah. 

Some  of  the  lighter  oils  begin  to  boil  at  t&mi>eratures  con- 
siderably below  the  boiling  point  of  water,  and  give*  off  a  large 
proportion  of  their  total  volume  below  150°  C.，  the  bulk 
distilling  over  before  tho  temperature  reaches  300°  C.  Oils  of 
this  type  axe  distilled  for  Uie'  production  of  petroleum  spirit, 
illuminating  and  lubricating  oils,  aud  are  termed  "  refinery 
oils,"  to  distinguish  them  from  the  heavier  "  fuel  oils,"  from 
which  only  a  relatively  small  proportion  distils  over  below 
300°  C.  The  following  results  of  the  distillation  of  a  few 
samples  of  petroleum,  chosen  from  a  large  number  of  tests 
made  by  Redwood ，卞 will  serve  to  indicate  the  variable  com- 
position of  the  crude  oil  ： ― 


Source. 

Specific 
gravity 

Percentage  of 

Spirit. 
Up  to 
150°  C. 

一0; So 

Gas  oil,  lubri- 
cating oils, 
and  solid  hy- 
dro-carbons. 
Above  300°  C. 

Coke. 
Residue. 

0-771 

37-2 

52.0 

5-9 

0-5 

Pennsylvania,  Brad- 

0.810 

20-0 

50.0 

25.3 

1.1 

ford. 

0-970 

88-5 

6.5 

The  gross  calorific  value  of  petroleum  ranges  from  17,000 
to  20,000  B.Th.U  s.  per  pound,  only  falling  outside  these 
limits  in  exceptional  cases,  and  more  usually  varies  from 
18,000  to  19,000.  Generally  speaking,  the  lighter  oils  have 
the  higher  calorific  value.  The  net  calorific  value  is  from 
1,100  to  1,200  B.Th.U's.  l&ss,  the  difference  depending  on  the 
proportion  of  hydrogen  in  the  oil. 

Petroleum  is  composed  principally  of  hydrocarbons,  but  it 
contains  also  small  proportions  of  oxygen,  nitrogen,  and 
sulphur  compounds.  The  ordinary  limits  of  variation  are : 
Carbon  from  83  to  87，  and  hydrogen  from  11  to  14  per  cent. 
The  proportion  of  sulphur  is,  in  some  instances,  less  than 
0*1  per  cent.  (Pennsylvania),  it  is  usually  less  than  1  per  cent., 
but  sometimes  exceeds  2  per  oeut.  (Texas),  and  occasionally 
may  reach  4  per  cent,  or  more  (Mexico). 

The  use  of  crude  petroleum  as  fuel  has  made  rapid  progress 
during  the  last  few  years.  In  the  United  States  of  America, 
which  produo©  more  than  60  per  cent,  of  the  total  output  of 
pe-troleum,  over  one-third  of  the  crude  oil  produced  is  burned 
as  fuel.  The  total  consumption  for  power  purposes  in  1912 
amounted  to  85  million  barrels)!  of  which  about  33^  millions 
were  used  on  the  railroads.  During  1911  the  United  States 
Navy  used  15  million  gallons  of  fuel  oil;  in  1912,  21  million 
gallons  ；  and  for  1913  the  consumption  is  estimated  at  about 
30  million  American  gallons.  The  bulk  of  the  fuel  oil  is 
burned  under  steam  boilers,  a  considerable  proportion  is  used 
for  furnace  work,  and  a  relatively  small  quantity  is  consuined 
in  i n ter u a  1-com b usti on  engines.  It  is  improbable,  however, 
that  the  present  relatively  wasteful  metliod  of  generating 
power  from  petroleum  by  burning  it  under  steam  boilers  will 
continue  to  make  progress.     During  1912  a  reversion  to  the 

•Abstract  of  paper  read  before  the  Iustitutiou  of  EntriuoerK  and  Sliii 山 uililers  in 
Scotland,  Jauuary  '20th.  1914. 
+  Petroleum,  pp.  214-216. 
1 1  tou  二  7  b;in*cls  approximately. 


use  of  coal  took  place  on  a  few  of  the  railroads  of  llic  United 
Stales,  and  this  change  is  expected  to  be  more  evident  during 
1913,  as  a  result  of  the  increaHed  prices  of  oil.  The  future 
extension  of  the  use  of  oil  lo  districts  more  remot-c  from  t  In- 
uiUi^lda  can  only  be  expected  as  a  result  of  the  furtlier  develop- 
ment of  tlie  internal-combustion  engino. 

liecent  ex})erinn*iit s  liave  shown  that  many  crude  oils 
be  used  successfully  in  the  Diesel  engine,  if  free  from 
mechanical  irn  purities.  The  lighter  varieties  of  crude 
petroleum,  which  consist  largely  of  paraffins,  ignite  easily  and 
burn  completely.  The  heavier  varieties,  on  the  otlier  hand, 
particularly  such  as  contain  considerable  quantities  of 
asphalte,  ignite  with  difficulty,  give  a  smoky  exhaust,  and 
leave  pitchy  or  resinous  deposits  in  the  cylinders  and  valves, 
which  necessitates  frequent  cleaning.  The  working  of  ，h«, 
engino  is  irregular  and  explosive,  and  in  some  cases  the  engine 
stops  through  the  failure  of  tlie  ignition  of  the  oil.  Tlio 
results  of  the  experience  of  a  number  of  users  of  crude 
petroleum  oils  in  Diesel  engines  are  discussed  by  Constam 
and  Schlapfer  in  the  "  Zeitschrift  des  Vereins  deuts*  !i<T 
Ingenieure."  The  oils  used  were  principally  derived  f roin 
Galicia,  though  reference  is  also  made  to  experiments  with 
crude  oils  from  Grermany,  Roum ania,  Russia,  America,  and 
Mexico.  The  Galician  oils,  ranging  in  gravity  from  0*858  to 
0  890，  and  consisting  largely  of  paraffins,  generally  speaking, 
gave  no  trouble,  and  were  found  to  be  highly  satisfactory 
fuels.  In  a  few  cases  complaints  were  made  regarding  choking 
of  the  valves,  and  fuel  pumps  by  resinous  deposits  ；  this  was 
traced  to  the  presence  of  small  quantities  of  a  very  finely- 
divided  organic  solid,  which  could  be  removed  only  by  careful 
filtration.  The  heavier  Roumanian  oils,  on  the  other  hand, 
proved  loss  satisfactory.  The  engine  worked  irregularly  with 
a  sooty  exhaust,  and,  with  one  of  the  oils,  it  stopped  frequently 
on  account  of  the  failure  of  the  oil  to  ignite.  After  standing 
over  night  the  orifices  were  choked  with  resinous  matter, 
which  had  to  be  removed  by  rinsing  with  paraffin  oil.  With 
none  of  the  three  Roumanian  oils  employed  was  it  possible  to 
start  tho  engine  cold .  In  trials  with  three  Russian  oils  the 
engine  ran  smoothly,  but  gave  an  exhaust  which  was  some- 
what fouler  than  that  obtained  with  the  Galician  oil.  Sum- 
marising the  results  of  our  experience,  w©  draw  the  conclusion 
that  "  any  petroleum  or  petroleum  product  which  is  not  too 
easily  inflammable,  which  has  a  net  calorific  value  not  less 
than  10,000  calories  (18,000  B.Th.U's.),  and  contains  neither 
asphalte  nor  mechanical  impurities,  may  be  used  under  all 
conditions  as  a  fuel  in  the  Diesel  engine."  If  the  oil  gives  a 
considerable  residue  on  distillation  or  on  coking  in  a  crucible, 
or  if  it  contains  much  asphalte,  it  tends  to  form  resinous 
deposits  in  the  engine  ；  in  such  a  case  an  increase  of  the 
compression  and  of  the  blast  pressure  will  effect  some 
improvement. 

Amongst  the  distilled  products  from  petroleum  only,  gas 
oil  and  petroleum  spirits  have  been  used  extensively  for  the 
generation  of  power,  though  burning  oils,  which  have  hitherto 
been  employed  only  to  a  limited  extent  for  this  purpose,  are 
likely  to  be  more  largely  used  in  motor-engines. 

The  usual  grade  of  gas  oil  has  a  gravity  of  0  86  to  0  87， 
and  a  net  calorific  value  in  the  neighbourhood  of  18,200 
B.Th.U，s.  per  pound .  It  contains  about  86*5  per  cent,  of 
carbon,  between  12*5  and  13  per  cent,  of  hydrogen,  and  from 
0*3  to  0*5  per  cent,  of  sulphur.  It  has  been  extensively  used 
in  Diesel  engines,  and  is  commonly  regarded  as  a  standard  oil 
for  this  purpose. 

Burning  oils  are  used  to  a  limited  extent  in  small  oil 
engines,  but  their  high  cost  precludes  their  general  use  in 
large  stationary  engines.  Royal  Daylight  oil  has  a  specific 
gravity  between  0*79  and  0*8,  a  gross  calorific  value  in  the 
neighbourhood  of  20,000  B.Th.U's.  per  pound,  and  contains 
about  857  per  cent,  of  carbon  and  14  2  per  cent,  of  hydrogen. 
The  continued  rise  in  the  price  of  motor  spirit  lias  recently 
led  to  the  employment  of  mixtures  of  petrol  and  burning  oil, 
and  even  of  the  latter  alone,  as  fuel  for  commercial  motor- 
veliicles,  and  these  mixtures  are  reported  to  give  no  trouble 
if  used  in  conjunction  with  a  suitable  carburetter.  The 
difficulty  of  starting,  which  would  interfere  with  the  use  of 
these  vehicles  in  traffic,  has  been  overcome  by  providing  tliem 
with  a  separate  tank  containing  petrol,  which  is  used  to  start, 
the  engine. 

Motor  Spirit  ― Petrol. ―  Th^  lusher  grade  of  petrol  usually 
has  a  specific  gravity  between  0715  aud  0720.    It  begins  to 
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l)uil  at  teinperaturcs  ranging  i'roin  50J  to  70°  C. 一 generally 
in  the  neighbourhuud  of  60°  C. ― and  tlie  bulk  of  the  liquid 
distils  over  withiii  a  ran^e  of  about  60°  C.  The  proportion 
which  distils  over  between  the  teniperatures  60°  and  120°  C. 
varies  from  about  85  to  90  per  cent,  of  the  total  volume.  For 
detailed  information  i*egarding  the  distillation  range  of  com- 
mercial samples  of  petrol,  reference  may  be  made-  to  a  paper 
l>y  Blount.*  The  following  statement  of  the  calorific  values 
of  samples  of  commercial  petrol  is  given  by  Blount  (loc.  rit.) ： ― 


Trade  name. 


Anglo  "760"  

Shell   

1'rat  t  's  M。t'u'  Spirit  . , . 
Pratt's  Motor  Spirit  . . . 
Carless  Capel  "  Standard 
Carless  Capel  "  Movril  " 

Carb urine   

P.G.R.  "720—725  "  ... 
P.G.R.  "  705—710  "  ... 
Russian  "  Petrol  "  


Specific 
gravity. 

Higher 
calorific  value 
B.Th.  U's. 

Sulphur 
per  cent. 

A  gallon. 

Lbs. 

0-739 

14,848 

20,092 

0.03 

0-717 

14,522 

20,254 

0-06 

0-717 

14,492 

20,212 

Trace 

0-715 

14,431 

20,268 

0-700 

14,240 

20,344 

0.06 

0-718 

14,476 

20,160 

- 
一 

14,438 

20,137 

0-715 

14,501 

20,281 

0.07 

0-705 

14,326 

20,320 

0.705 

14,253 

20,218 

0.06 

The  gross  calorific  value  of  commercial  petrol  may  be 
assumed  to  rang©  usually  from  about  20,100  to'  20,200 
B.Th. U's.  per  pound  ；  the  net  value  is  about  1,400  B.Th. U's. 
less.  The  heavier  spirits  have  lower,  and  the  lighter  spirits 
higher  values  per  unit  of  weight,  but,  on  the  other  hand,  the 
heating  values  of  the  heavier,  per  unit  of  volume,  are  higher 
than  those  of  the  lighter  varieties,  aud  a  greater  duty  per 
gallon  may,  therefor &，  be  expected  from  them,  provided  the 
carburetter  is  capable  of  dealing  with  them  efficiently.  There 
is  obviously  a  limit  to  the  possible  increase  of  th©  specific 
gravity,  however,  as  the  spirit  must  be>  sufficiently  volatile  to 
permit  of  complete  vaporisation  with  air.  Preference'  should 
b©  given  to  a  closely-fractionated  spirit,  boiling  within  fairly 
narrow  limits  of  temperature,  sino©  this  is  likely  to'  give  a  more 
uniform  mixture  than  ou©  which  boils  over  a  wid&  range. 

The  use  of  patrol  as  a  fuel  has  developed  rapidly  during 
the  last  few  years.  Deducting  exports  from  imports,  the 
quantity  of  motor  spirit  which  remained  for  consumption  in 
Great  Britain  was,  in  1913，  100,000^000  galls,  approximately. 

In  America  and  France  the  rate  of  increase  has  been  even 
greater,  and  there  is  no'  indication  of  any  slackening  of  the 
demand,  in  spite  of  the  increasing  price.  The  question  of  the 
future  supply  of  motor  spirit  is，  therefore,  exciting  widespread 
interest  at  the  present  time,  and  is  the  cause  of  some  anxiety 
to  those  engaged  in  the  motor  industry.  The  rat©  of  produc- 
tion of  high-grade  crude  petroleums,  capable  of  yielding  motor 
spirit  on  distillation,  does  not  greatly  exceed  that  necessary 
to  supply  the  existing  demand.  According  to  Dr.  Day,  there 
was  a  steady  drain  on  stocks  during  1912  in  all  the  fields 
except  California  and  the  Griilf,  so  that  from  a  total  of 
81,800,000  barrels ~ representing  more  than  half  a  year's 
output ~ ou  January  1st,  the  stocks  declined  to  69,000,000 
barrels  at  th©  end  of  the  year,  o'r，  in  other  words,  it  was 
necessary  to  supplement  the  new  production  of  crude 
petroleum  in  the  Eastern  States  of  Am  erica,  during  1912，  by- 
taking  from  stack  over  1  million  barrels  per  month,  in  order  to 
supply  the  increased  demand  for  petrol.  While  this  decline 
in  high-grade  crude  stocks  was  stopped  during  1913，  and  the 
amount  of  crude  oil  in  storage  was  increased  in  April  to  the 
extent  of  300,000  barrels  above  its  former  level,  chiefly  by 
greater  activity  in  the  mid- continental  field  (Kansas  and 
Oklahoma),  it  is  evident  that  the  time-  is  not  far  distant  when 
the  demand  for  petrol  will  overtake  the  possible  supply  from 
existing  high-grade  crude  oils. 

The  threatened  scarcity  of  motor  spirit,  tog&ther  with  the 
prospect  of  continued  high  prices,  has  stimulated  the  search 
for  petrol  substitutes  to  great  activity,  and  tlie  possibilities  of 
benzol,  motor  spirit  from  1  o  w  -  tern  per  a  tu  tar,  shale  spirit,  and 
alcohol,  have  been  widely  discus&e-d.  The  present  production 
of  90  per  cent,  benzol  in  Great  Britain  only  amounts  to'  about 
10  per  cent,  of  the  consumption  of  motor  spirit,  and,  even  if 

*  Inst.  Automobile  Engineers,  10th  March,  1909,  1  to  6 ;  Journ.  Soc.  Chem. 
Ind.,  19U9.  p.  U8. 


all  the  benzol  which  is  formed  from  coal  in  the  existing  systems 
of  carbonisation  were  recovered,  the  total  production  would 
still  fall  far  short  of  the  amount  necessary  to  replace  poti'ol, 
though  it  would  go  a  long  way  towards  relieving  the  tension, 
and  would  serve  as  a  very  useful  check  on  the  price  of  petrol. 
Regarding  tho  possibility  of  producing  a  suitable  motor  spirit 
from  low-temperature  tar  by  cracking,  there  is  no  longer  any 
doubt,  bub  the:  problem  of  producing  a  sufficiently  liard 
marketable  coalite  or  semi-coke,  still  awaits  a  satisfactory 
solution  ；  so  long  as  this  remains  in  doubt,  there  is  no  prospect 
of  the  establishment  of  low- temperature  carbonisation  of  coal 
on  a  sound  financial  basis.  If,  on  the!  other  hand,  this  diffi- 
culty is  ultimately  O'verco-me,  as  9&&ms  probable,  on©  may  look 
forward  to  the  possibility  of  supplying  motor  spirit  from  coal 
in  sufficient  quantity  to'  meet  all  the  requirements  of  the 
motor  industry  for  many  years  to  come. 

In  the  petroleium  industry  experiments  are  at  present  in 
progress  with  the  object  of  increasing  the  production  of  petrol 
by  subjecting  the  heavier  oils  to'  a  cracking  treatment.  A  pro- 
cess of  this  kind  i&  at  present  in  operation  in  Great  Britain, 
whereby  solar  oil  of  specific  gravity  0  862  is  sprayed,  with 
water  into  iron  retorts  packed  with  iron  filings,  and  heated 
to  a  temperature'  of  600°  C.  The  yields  of  final  products  from 
100  gallons  of  solar  oil  treated  in  this  way  are  stated  to  be  39 
gallons  of  petrol,  13  gallons  of  solvent  spirit,  and  13  gallons  of 
a  good  varnish.  The  success  of  such  a  cracking  process  will 
certainly  ensure  an  adequate  supply  of  spirit,  but  this  solution 
of  th©  difficulty  is  not  entirely  satisfactory  from  tho  point  of 
view  of  the  motor  industry,  sinco  it  still  leaves  the  control  of 
motor  spirit  in  the  hands  of  the  companies  which  at  present 
control  th&  price  of  petrol . 

These-  suggestions  only  offer  a  temporary  solution  of  the 
problem  of  the  supply  of  light  liquid  fuel,  and  it  is  probable 
that  the  ultimate  solution  will  bo  found  in  the  adaption  of 
alcohol.  Experiments 十  have  shown  that  an  alcohol  engine 
working  imde'r  the  most  favourable  conditions  of  compression 
(1801bs.  per  square  inch  above  atmospheric  pressure)  operates 
with  a  fuel  consumption  practically  identical,  volumetrically, 
with  that  of  a  petrol  engine  working  at  a  compression  of  701bs.， 
in  spite  of  tho  fact  that  the  calorific  value  of  alcohol  is  only 
about  60  per  cent,  of  that  of  petrol.  Alcohol  is  a  safer  and 
pleasanter  fuel  than  petrol,  and  lias  the  additional  recom- 
mendation that  its  production  is  capable  of  practically 
i  n  de  fi  n  i  te  e  x  p  a  n  si  o  n . 

The  total  world's  production  of  liquid  fuels  of  all  kinds 
amounts  to  less  than  55  million  tons,  of  which  47^  millions  are 
petroleum  oils.  This  total,  large  as  it  is,  only  represents  about 
5  per  oenfc.  of  the  world's  coal  production,  and  th©  widely- 
quoted  prediction  that  oil  is  the  fuel  of  the-  future  has  there- 
fore very  little  prospect  of  fulfilment.  It  is  true  that  the  oil- 
bearing  regions'  of  the  world  have  as  yet  been  imperfectly 
explored,  and  that  some  areas,  known  to  be  petroliferous, 
still  await  dwelopment,  but,  on  the  other  hand,  tho  older 
fields  in  th©  Eastern  States'  of  America,  and  iu  Baku,  which 
supplied  the  bulk  of  the  world's  production  of  oil  for  genera- 
tions, now  &ho'w  unmistakable  signs  of  exhaustion.  So  far  as 
present  information  goes  there  is  no  justification  for  tlie  belief 
that  the  predominant  position  occupied  by  coal  as  a  source  of 
power  and  heat  will  over  be  seriously  threatened  by  oil  fuel. 

The  position  in  Groat  Britain,  remote  from  the  principal 
oilfields  of  the  world,  with  plentiful  supplies  of  coal  in  the 
neighbourhood  of  the  largo  industrial  centre®,  is  particularly 
unfavourable  to  the  extension  of  tlie  use  of  oil  fuel.  We 
depend  for  our  liquid  fuel  largely  on  the  surplus  production  of 
other  countries,  and  recent  developments  point  to  the 
clisappearanoet  of  this  surplus  in  the  principal  oil-producing 
countries  in  tlie  near  future.  The  American  production  will 
be  readily  absorbed  by  the  United  States.  Russia  and  Ger- 
many will  provide;  a  market  for  tho  whole  of  the  Russian  out- 
put, and  Austria,  with  the  adjacent  countries,  is  fully  capable 
of  disposing  of  the  productions  of  Roumania  and  Galicia.  Our 
supplies  of  petroleum  must,  th&refore,  be  drawn  from  the 
more  distant  fields,  and  the  limited  supply  and  high  freight- 
charges  will  tend  to  raise  prices  to  a  level  at  which  com- 
petition with  coal  is  difficult.  For  an  assured  supply  of  liquid 
fuel  in  this  country  w©  must  depend  on  tlie  development  of  the 
shale  oil  industry,  and  the  distillation  of  coal  at  low  tem- 
peratures. 

t  H.  M.  Stroni,',  U.S.A.  Geological  Survey  Bulletin.  No.  392. 
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TESTS  OF  MODERN  HIGH-SPEED  BRAKES  ON  FAST 
PASSENGER  TRAINS. 

At  a  meeting  of  the  New  York  Section  of  the  American 
Society  of  Mechanical  Engineers  held  on  l^^n.ary  KM  ,  ,m 
exhaustive  paper  describing  the  tests  made  by  1"'  1  en、- 
sylvania  Railroad  last  year  on  the  new  brakes  for  high-speed 
trains  developed  by  the  Westinghouse  Air  Brake  Company 
was  read  by  Mr.  S.  W.  Dudley.  The  tests  are  claimed  to  be 
the  most  important  and  thorough  investigation  of  rai  way 
l>rakes  that  has  taken  place  since  the  ^""^  ^"川- WeStm? - 
house  trials  in  England,  in  1878  and  1879.  The  following  is 
a  condensed  summary  of  the  paper. 

A  train  of  12  steel  passenger  cars  and  modern  locomotive 
weighs  nearly  1,000  tons,  is  about  1,000ft.  long,  and  at  60 
milfs  per  hour  speed,  has  a  kinetic  energy  of  224,000,000ft -lbs. 
With  the  ordinary  high-speed  brake  apparatus  such  a  train 
would  be  stopped  by  an  emergency  application  of  the  brakes 
in  a  distance  of  from  1,600ft.  to  l，800ft"  according  to  the 
truck  rigging  and  brake-shoe  design  and  installation.  In 
making  ordinary  brake  applications  for  slow-downs  or  station 
stops,  bskill  and  judgment  must  be  carefully  exercised  m 
order  to  avoid  shocks  and  make  short  and  accurate  stops. 
The  Pennsylvania  Railroad  brake  tests  of  1913  showed  that 
such  a  train  at  60  miles  per  hour  speed  can  be  stopped  by  an 
emergency  application  in  1,000ft.  or  within  the  length  of  the 
train.  They  also  showed  that  trains  can  be  controlled  by 
service  applications  without  shocks  at  any  speeds  and  with 
greater  accuracy  and  promptness,  and  still  require  less  expert 
knowledge  and  skill  an  the  part  of  the  manipulator. 

The  improvement  in  emergency  stopping  power  has 
resulted,  from  applying  the  air  brakes  more  quickly  and  to  a 
higher  pressure,  holding  this  higher  pressure  without  diminu- 
tion towards  the  end  of  the  stop,  using  a  more  efficient  design 
and  better  installation  of  foundation  brake  rigging,  and 
providing  a  better  method  of  applying  the  brake  shoe  to  the 
wheel  and  more  brake-shoe  metal  to  absorb  the  heat  developed 
during  the  process  of  stopping.  The  greater  efficiency, 
economy,  and  flexibility  in  service  has  been  attained  by 
making  the  air-brake  apparatus  more  positive  and  responsive 
in  its  operation,  both  in  application  and  release,  enabling 
full  advantage  to  be  taken  of  all  the  possibilities  of  these 
improvements  through  the  quick,  simultaneous,  and  flexible 
action  obtainable  only  with  electric  control,  the  maintenance 
of  a  high  and  uniform  brake  rigging  efficiency,  and  the 
improved  truck,  journal,  and  brake-shoe  action,  less  wear  of 
brake  shoes  and  better  distribution  of  forces  and  reactions 
accompanying  the  use  of  the  clasp  brake  having  two  shoes  per 
wheel,  instead  of  concentrating  the  heavy  braking  forces 
required  by  modern  equipment  on  only  one  side  of  the  wheel. 

Tlie  tests  constitute  a  scientific  study  of  the  brake  as  a 
whole  ；  comparing  in  detail  the  characteristics  of  the  ordinary 
high-speed  air-brake  apparatus  with  the  improved  electro- 
pneumatic  brake,  the  effect  of  low  and  high  emergency 
braking  powers,  the  clasp  with  the  single-shoe  type  of  brake 
rigging,  the  relative  advantages  of  one  and  of  two  brake  shoes 
per  wheel,  and  investigating  the  limitations  of  track  and 
operating  conditions  commonly  experienced. 

The  improved  air-brake  apparatus,  operating  pneumatic- 
ally, shortens  the  time  of  obtaining  maximum  emergency 
brake  cylinder  pressure  on  the  train  as  a  whole  from  8  sees, 
with  the  PM  equipment  to  3*5  sees.,  and  with  electric  control 
this  is  again  shortened  to  2*25  sees.  Moreover,  125  per  cent., 
150  p&r  cent.,  or  180  per  cent,  emergency  braking  power  is 
available  as  may  be  thought  desirable  or  found  permissible, 
according  to  circumstances  when  the  installation  is  made. 
The  PM  equipment  has  an  average  of  100  per  cent.  Using 
150  per  cent,  emergency  braking  power,  the  quicker  and 
more  powerful  pneumatic  emergency  application  shortened 
the  stop  at  60  miles  per  hour  from  over  1,600ft.  to  about 
1,400ft.,  and  the  simultaneous  action  of  the  electro-pneumatic 
brake  still  further  shortened  the  stop  to  less  than  1,200ft. 

With  the  PM  equipment  the  attempt  to  make  ；' ii 
emergency  application  during  the  progress  of  or  before 
releasing  a  partial  or  full  service  application  will  produce 
only  the  same  stop  as  if  merely  a  full  service  application  had 
been  made.  Considering  the  ordinary  full-service  stop  from 
60  miles  per  hour  (say,  2,000ft  .  or  2,200ft  .)  as  100  per  cent. ； 


with  Uie  improved  apparatus,  operating  pneumatically,  an 
emergency  application  following  a  partial  service  application 
will  shorten  about  14  per  cent.,  and  after  a  full  service 
application  about  10  per  cent.  ；  with  electro-piuMunatic 
operation  the  gain  is  23  per  cent,  and  15  per  cent,  respectively. 
This  is  a  safety  factor  of  great  importance. 

Shocks  during  brake  applications  are  due  to  slack  action 
modified  by  speed.  This  was  shown  by  pneumatic  and  electro- 
pneumatic  stops  from  both  high  and  low  speeds.  At  high 
speeds,  60  to  80  miles  per  hour,  the  serial  action  of  the 
pneumatic  emergency  application  resulted  in  noticeable  shocks 
which  increased  in  severity  at  lower  speeds,  and  at  10  miles 
per  hour  amounted,  in  effect,  to  a  collision  between  the  rear 
and  forward  ends  of  the  train,  the  train  being  stopped  in 
42ft.  The  simultaneous  application  of  just  as  great  retarding 
forces  by  the  electro-pneumatic  brake  entirely  eliminated 
violent  slack  action  at  all  speeds,  the  stop  even  at  10  miles  per 
hour  (37ft.)  being  without  shock. 

Station  stops  and  emergency  stops  with  the  old  and  the 
new  air-brake  apparatus  mixed  in  various  ways  in  the  train 
showed  harmony  in  operation  and  improved  general  results, 
particularly  when  releasing  brakes.  Comparative  tests 
showed  that  when  the  improved  air-brake  mechanism  is  used 
on  the  cars,  an  arrangement  giving  a  high  emergency  braking 
power  on  the  locomotive,  with  blow-down  feature,  reduces 
shocks  due  to  unequal  braking  power  and  shortens  the  stops. 
With  the  electro-pneumatic  brake  a  uniform  increase  in 
maximum  per  cent,  braking  power  results  in  a  substantially 
uniform  decrease  in  length  of  stop,  the  decrease  amounting 
to  about  2  per  cent,  for  each  5  per  cent,  increase  in  braking 
power  within  the  range  of  these  tests. 

The  available  rail  adhesion  varies  through  wide  limits; 
e.g.,  from  15  per  cent,  in  the  case  of  a  frosty  rail  early  in  the 
morning  to  30  per  cent,  for  a  clean,  dry  rail  at  mid-day. 
Wheel  sliding  depends  more  on  the  rail  and  weather  con- 
ditions than  on  the  per  cent,  braking  power.  Some  sliding 
was  experienced  with  braking  powers  as  low  as  90  per  cent, 
when  rail  conditions  were  unfavourable,  but  180  per  cent, 
braking  power  did  not  cause  wheel  sliding  with  a  good  rail. 
The  effect  of  excessive  wheel  sliding  was  to  make  the  length 
of  the  stop  about  12  per  cent,  greater  than  similar  stops 
without  wheel  sliding. 

An  expression  for  the  relation  between  coefficient  of  rail 
friction  /"  efficiency  of  brake  rigging  c,  and  per  cent,  braking 
power  P  at  the  instant  wheel  sliding   is  about  to  occur, 

derived  from  the  data  of  the  best  tests  made,  is  Por>31  =  ―  ~ -, 

e 

An  efficient  design  of  clasp-brake  rigging  was  shown  to 
be  necessary  in  order  to  avoid  serious  losses  due  to  excessive 
piston  travel,  undesirable  journal  and  truck  reactions,  brake- 
shoe  wear,  and  variable  shoe  action.  The  performance  of  the 
cast-iron  brake  shoe  was  shown  to  vary  between  wide  limits, 
the  ordinarily  assigned  causes  for  this  variation  (such  as 
speed,  pressure,  and  time  of  action)  becoming  effective  chiefly 
as  they  affect  the  temperature  of  the  working  metal  of  tlie 
brake  shoe  and  wheel. 

The  amount  of  wheel  and  shoe  metal  in  working  contact 
during  a  stop  is  very  small,  and  is  the  most  difficult  factor  to 
control.  At  the  same  time,  it  is  most  potent  in  produrini: 
variations  in  brake  performance.  The  brake-shoe  bearing 
area,  an<j  consequently  the  generation  of  heat  in  the  working 
metal  and  the  resultant  coefficient  of  friction,  was  shown  to 
vary  considerably  during  the  progress  of  a  single  stop,  and 
to  a  greater  degree  as  the  fit  of  the  shoe  to  the  wheel  changed 
due  to  warping  or  continued  rubbing.  Due  to  this  effect 
alone  the  emergency  stopping  distance  at  60  miles  per  hour 
changed  by  as  much  as  20  per  cent.  There  is  evidence,  how- 
ever, that  with  reasonable  attention  to  brake-shoe  main- 
tenance the  condition  of  the  shoes  on  cars  in  ordinary  road 
service  is  likely  to  be  more  favourable  to  making  short 
emergency  stops  than  during  a  series  of  tests  in  which  tlie 
brake  shoes  are  worked  severely. 

Flanged  shoes  provide  more  available  area  for  bearing 
than  unilanged  shoes,  and,  when  worn  in,  shortened  the  train 
stops  about  12  per  cent.  The  use  of  two  shoes  instead  of  one 
per  wheel  will  result  in  a  higher  coefficient  of  friction  and 
less  wear  per  unit  of  work  done,  the  durability  under  clasp- 
brake  conditions  being  about  40  per  cent,  greater  than  inuler 
single-slioe  conditions.  The  use  of  two  shoes  per  wheel 
permits  a  design  of  rigging  which  will  enable  flanged  shoes 


228 


THE   MECHANICAL  ENGINEER. 


[March  G?  1914 


to  be  used  without  danger  of  pinching  flanges  and  causing 
excessive  flange  wear  or  non-uniform  brake  forces,  which 
result  when  flanged  shoes  are  used  with  rigid  beam  connec- 
tions. The  wear  of  flanged  shoes  is  about  20  per  cent,  less 
than  unflanged  shoes. 

From  tests  at  60  miles  per  hour  with  clasp-brake  rigging, 
the  relation  between  coefficient  of  brake- sho&  friction  fs  and 

.  0*12 
per  cent,  braking  power  P  was  found  to  be/s  =  plr41J .  No 

satisfactory  separate  determination  of  brake  rigging  efficiency 
r，  and  coefficient  of  brake-shoe  friction  fs,  was  mad©  during 
the  road  tests.  The  combined  effect  e  x  f、  was  obtainable  with 
reasonable  accuracy  from  the  best  of  the  several  stops  made 
under  various  conditions  as  given  in  the  following  table.  The 
values  for  single-shoe  conditions  are  more  uncertain  than  the 
clasp-brake,  conditions  due  to  less  satisfactory  data. 

TV// ties  of  e  x  fs. 


Kind   of   brake  rigging. 
'J  ypo  of  brake  shoe. 


Clasp  hralu-. 


Single  shoe. 


.S]K'l'(l. 

n.p.li. 

%  braking 
pou  er. 

Plain. 

Flanged. 

Plain. 

]''laiii;('(l. 

12,-) 

o-  in 

0-169 

0-108 

0112 

30  . 

] .")!  I 

()•  129 

0-154 

0  099 

0- 103 

180 

0-  118 

0-141 

0  000 

0  094 

125 

0-  103 

()•  122 

0-074 

0  0510 

60  . 

150 

0  094 

0-112 

0-0()8 

0-082 

180 

0086 

0-  102 

0-002 

0-075 

125 

0  092 

0- 109 

0-070 

0-074 

80  . 

150 

0-084 

0- 100 

II-0IU 

0-068 

- 1 

ISO 

0  077 

0-092 

0:059 

0  062 

*  Value  of  data  uueertain  due  to  non-uniform  l»r^kc-.shoe  conditions. 

The  length  of  eipergency  stop  St  on  a  straight  level  track, 
neglecting  air  and  internal  friction  on  the  one  haud  and  the 
rotative  energy  of  tiie  wheels  and  axles  on  the  other  hand, 
cai]  be  calculated  from  the  following  formula  : — 

.  s'  =  1467Vt+TO 

in  which 

V  =  Initial  speed  in  miles  per  hour. 
P  =  Per  cent,  braking  power  actually  realised, 
e  x 尺 as  determined  by  the  existing  brake  rigging  and 
shoe  conditions  (see  table) . 
t  =  Time  at  the  beginning  of  the  stop  during  which  the 
brakes  are  to  be  considered  as  having  no  effect, 
to  allow  for  the  time  element  in  the  application 
of  the  brakes. 


Kntd  of  A  ir  Brake  /ujitipment. 


For  i 


t  ranges 


I'^-car  traiu. 

( from 
I  to ... 


2-0 
2-5 


uc. 

Elcctro-])neuiiiatic . 

•  •  0'70 
..  0-85 


A  train  of  12  steel  cars  and  locomotive  with  tlie  electro- 
pneumatic  brake,  150  per  ceut.  braking  power,  clasp-brake 
rigging,  unflanged  brake  sho&s,  can  be  stopped  :  From  30  miles 
per  hour  in  200ft.,  equivalent  to  an  average  retarding  force 
of  3001bs.  per  ton.  From  60  miles  per  hour  in  l,000fbM 
equivalent  to  an  average  retarding  fore©  of  2401bs.  per  ion. 
Kmm  80  miles  per  hour  in  2,000fb.,  equivalent  to  an  average 
retarding  force  of  2141bs.  per  ton. 


The  Junior  Institution  of  Engineers  ：   North-western  Section. — 

At  a  meeting  of  the  North-western  Section  of  tlic  J  iitiior 
Institution  of  Engineers  in  the  Scientific  Society's  llooni, 
Manchester  Municipal  School  of  Technology,  Mr.  C.  H. 
Prichard  in  the  chair,  a  paper  was  read  by  Mr.  Herbert 
Smith  on  "  High-speed  Engines."  The  author  treated  his 
subject  from  the  standpoint  of  a  consulting  engineer,  advis- 
ing a  client  with  regard  to  the  reliability  and  cost  of  a 
prime  mover.  By  the  aid  of  lantern  slides,  various  types 
of  high-speed  engines  by  the  leading  makers  were  illustrated 
and  discussed,  curtailment  of  engine-house  space  an d  in- 
stances of  long  runs  being  points  chiefly  brought  out.  An 
interesting  discussion  followed. 


UPKEEP  AND  MANAGEMENT  OF  BOILERS  ON  A  TRAMP 
STEAMER, 

BY  G.  A.  O'NEILL. 

The  upkeep  of  a  boiler  depends  a  great  deal  on  the  manage- 
ment of  it，  and  it  is  generally  understood  that  the  successful 
management  of  a  boiler  consists  in  getting  the  desired  results 
with  as  low  a  cost  as  possible.  To  bo  able  to  do  this  it  should 
be  handled  with  proper  care,  and  any  defects  showing  should 
be  remedied  at  once?  or  at  Hie  first  opportunity,  and  t】ieir 
causes  removed. 

lu  In  uai  ( forn/sio/t. ― The  greatest  source  of  trouble  with 
boilers  is  internally,  through  corrosion,  and  the  depositing  of 
scale  on  the,  heating  surfaces.  Internal  corrosion  may  arise 
from  various  causes,  viz.,  impurities  brought  into  the  boiler 
with  the  feed  water,  air  in  the  feed  water,  mechanical  strain- 
ing, iu  many  cas&s  through  galvanic  action  being  set  up 
between  two  classes  of  inetal  in  the  construction  of  the  boiler. 
If  sufficient  interest  and  care'  is  taken，  inb&rnal  corrosion  may 
b&  prevented  to  a  greater  extent  than  is  often  the  case  on 
tramp  steamers,  by  the  present  means  available  for  stopping 
or  reducing  it，  such  as  the  use.  of  zinc  plates,  keeping  the  feed 
water  as  hot  as  possible  for  liberating  the  air,  and  adopting  the 
use  of  alkalies,  (soda)  in  the  proper  manner. 

Sufficient  care  is  not  always  taken  when  fitting  zinc  plates 
into  the  boiler,  by  cleaning  away  the  dirt  and  .scale  from 
around  the  necks  of  the  studs,  to  which  tliey  are  at  some  parts 
fitted,  so  as  to  ensure  a  proper  metallic  contact.  If  this  is  not 
done  the  dirt  or  scale  acts  as  an  insulator,  and  so  destroys  the 
object  for  which  t-hey  are  used,  viz.,  in  setting  up  galvanic 
action  between  the  zinc  and  the  boiler  plates.  It  is  a  simple 
matter  when  fitting  the&&  plates  to'  give  the,  studs  a  touch  up 
with  a  file. 

The  use  of  soda  is  an  aid  for  the  prevention  of  corrosion,  or 
rather,  in  reducing  the  acidity  of  the  water.  This  is  very 
often  used  without  any  consideration  as  to'  the  amount 
required.  If  an  engineer  knows  his  boilers  were  properly 
cleaned  and  a  necessary  amount  of  zinc  plates  fitted  when 
leaving  port,  by  the  use  of  litmus  papers  he  can  get  an  idea 
as  to  whether  he  is  putting  sufficient  soda  or  otherwise  into  the 
boilers  on  the  passage.  A  small  quantity  of  water  can  be 
drawn  off  at  the  salinoineter  cock,  and  the  litmus  papers 
inserted  ；  if  the  blu©  paper  turns  pink  and  the  pink  paper 
remains  unchanged,  th&  water  contains  acid  ；  if  the  result  is 
the  opposite'  the  water  is  alkaline  in  nature. 

By  careful  treatment  of  corroded  plates  in  a  boiler  they 
can  ofte'n  be  prevented  from  further  deterioration  ；  for 
instance,  the  pitting  that  is  frequently  found  going  on,  along 
and  a  little  above  the  line  of  fir&bars,  on  th©  water  side  of 
a  furnace.  These  places,  if  thoroughly  cleaned  and  the  black 
scale  removed,  then  coated  with  a  mixture  of  metallic  zinc 
powder  and  clean  frosh  water,  will  show  good  results,  but  it 
must  be  kept  up  and  the  same  places  done  over  again  after 
every  long  passage. 

Corro&ioii  often  sets  up  on  the  front  end  plates  and  the 
front  end  of  the  main  stays  in  the  steam  space  on  the  side  of 
the  boiler  to  which  the  uptake  is  fitted.  Some  engineers,  to 
arrest  this,  suspend  zinc  plates  from  the  stays  by  means  of  iron 
hangers.  The  presence  of  zinc  no  doub 七 is  an  advantage,  but 
this  method  is  not  an  advisable  on &，  owing  to  the  liability  of 
the  zino  plates  to  break,  falling  off  the  li angers,  and  landing 
on  the  top  of  the  furnaces.  A  good  method  is  to  fix  iron 
boxes  on  the  stays  and  let  the  zinc  plates  rest  in  thern.  Good 
results  have  been  obtained  by  filing  the  ends  of  the  ays 
clean ,  and  cleaning  the  front  end  plates  as  before  stated  ou 
tlie  furnace-s,  and  painting  them  with  zinc  white,  but  this  also 
must  be  kept  up. 

It  is  quite  a  general  pr act  ice  when  scaling  furnaces  to  only 
scale  them  down  to  the  line  of  firebars,  leaving  the  ontiro 
hoi  turns  untouched,  and  scale  is  allowed  to' form  to-  a  consider- 
able thickness  and  left  on  for  voyage  after  voyage.  This  I 
c(.) n^ider  to  be  a  v&ry  bad  practice,  as  corrosion  has  been  found 
going  on  badly  under  this  scale  on  tlie'  furnace  bottoms,  which, 
had  th&  furnaces  been  kept  cleaned  right  round,  might  not 
have  ever  started  ；  in  any  cas&,  it  would  have  been  seen  at  the 
commenoement,  when  steps  could  have  been  taken  to 
remedy  it. 

The  backs  of  combustion  chambers  and  tlie  necks  of  the 
stays  at  the  combustion  chamber  end  give  another  source  of 
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trouble  due  to'  corrosion,  and  require  every  attention  and  (';m'. 
W'licn  corrosion  has  anoe  started  here  it  is  hard  t o  slo]>  owin^ 
to  its  inaccessihilitv.  Probably,  I  lie  best  means  oi'  stojtpin^  it 
is  to  clean  the  parts  as  we'll  as  possible  and  fasten  zinc  plates 
to  the  stays,  midway  between  the  boiler  en<l  plate  and  t  hr. 
combustion  clianiher  hack . 

I  Hitrn'tl  F<r  <I  ft  pes. ― These  pipes,  when  fitted,  sliould  be 
given  every  attention,  as  the  position  in  wliicli  the  feed  water 
is  discharged  into  a  boiler  has  a  material  cflVcl  on  t  Ih>  circula- 
tion, whicli  leads  to  show  that  should  they  b©  allowed  to 
remain  in  a  bad  state  of  repair  it  would  mean  loss  of 
efficiency.  They  often  give  trouble  by  coiitinuall v  bursting, 
and  in  many  cases,  if  not  well  secured  by  clamps,  come  off 
altogether.  This  may  be  said  to  be  due  to  water-liainmering, 
caused  by  the  internal  pipe  becoming  partly  filled  witli  steam, 
and  the  feed  pumps,  every  stroke,  delivering  comparatively 
cool  water,  producing  a  concussion  by  the  sudden  condensation 
of  the  steam,  wliich  forms  a  vacuum  in  the  pipe  ;in(l  causes  an 
inrush  of  boiler  water.  In  Mr.  Stromever's  l)ook  on  boilers  it 
is  stated  that  a  small  hole  near  the  flange  on  t  he  pipe  or  ； hi 
unceniented  joint  entirely  prevents  this  action.  This  lias 
certainly  been  found  to  work  we'll  with  the  inicenieotecl  joint, 
but  witli  t  opper  internal  pipes  another  trouble  arises.  Corro- 
sion sets  up  badly  on  the  boiler  plate  to  wliich  the  brass  flange 
of  the  pipe  is  jointed,  also  the  studs  when  of  iron  or  steel  get 
corroded  ；  this  is  undoubtedly  due  to  galvanic  action  between 
the  copper  pipe  or  brass  flange  and  the  boiler  plate  and  studs. 
It  is  therefor©  necessary  that  this  joint  should  be  kept  tight 
when  copper  pipes  are  fitted .  Another  advantage  gained  by 
internal  feed  pipes  is  that  the  feed  water  passing  through  them 
becomes  heated  before  being  discharged,  and  further  loses  any 
air  it  may  contain. 

In  modern  ships  the  foregoing  troubles  are  somewhat 
eliminated  by  the  fitting  of  independent  feed  pumps  and 
efficient  f&ed  heaters  where  the  feed  water  is  delivered  into 
the  boilers  at  over  200。  Fah.  ，  practically  free  from  air. 
Impurities  are  further  extracted  by  the  use  of  modern  feed- 
water  filters,  and  with  a  good  evaporator  the  use  of  salt  water 
feed  is  reduced  to  a  minimum  ；  but  in  the  class  of  ship  to 
which  I  am  referring,  where  tlie  feed  water  is  dealt  with  solely 
by  the  main  feed  pumps,  the  highest  temperature  at  which  the 
fe&d  water  can  be  pump&d  into'  the  boilers  is  seldom  over 
150°  Fah.,  and  although  evaporators  and  filters  are  fitted,  it 
is,  in  many  cases,  found  necessary  to  work  the  boilers  at  about 
5  ozs.  density,  to  keep  a  protective  scale  on  the  plates, 
especially  with  new  boilers. 

/iftisi/tf/  St('(im, 一 When  commencing  to  raise  steam  it  is 
quit©  a.  common  rule  with  many  engineers  to  set  the  fire  away 
in  the  centre  low  furnace"  of  a  three-furnace  boiler  four  or  five 
hours  before  the  others,  in  the  hope  that  the  cold  water  which 
remains  undisturbed  at  the  bottom  will  get  warm.  This  rule 
undoubtedly  originated  in  old  ships,  where  there  were  no 
appliances  fitted  for  artificial  circulation,  such  as  liydro- 
kineters,  or  a  suction  pipo  from  the  boiler  bottoms  to  a  feed 
donkey  pump.  With  these  ap])liances  I  consider  the  above 
pi  aclioe  unnecessary,  as  it  must  set  up  an  undue  strain  on  the 
front  end  plate  by  th©  centre  furnace  becoming  lieated  and 
iix[)anding,  and  the  two  wing  furnaces  remaining  cold  and 
rigid,  to  wliich  may  be  attributed  the  cause*  of  leaky  furnace 
itiout  li  scams  when  lia]>p-ening  under  such  circiunst ances.  For 
t  his  reason  all  lii  (\s  sliould  be  lighted  together,  es|vecially  when 
tluM-o  are  means  of  j)ioi)ioting  artificial  circulation. 

Too  tnucli  care  cannot  he  taken  in  attending  to  the  circuit 
i  ion  wIhmi  raising  steam.  When  tlie  (i  res  a  re  、stM  a  way  \\\^ 
j  a f ct y  valve's  should  1h'  opem'd  to  allow  t  lie  Ileal  cd  ； lir  in  t  lie 
>\ cam  space  to  escape.  (Another  plan  is  to  ease  the  stop  valvt's 
ofT  t  Ik1  i';i<*c  a  lid  allow  ihv  Ileal  ed  air  to  pass  1  lii'oui^li  and  warm 
u\y  t lie  on^in^s,  but  this  is  not  always  convtMiicnt ).  It'  this  is 
not  done  the  air  forms  ； i  pressure,  and  t his  ； lir  pressu re  on  tlio 
surl'ace  o\'  the  water  prevents  the  formation  of  steam  bill 山 les 
when  boiling  point  is  reached ,  which  would  niatcriallv  assist 
t  he  circulation  by  carrying  water  with  them  as  they  rise.  TIk» 
safety  valves  should  be  left  open  until  steam  is  blowing 
through  them,  and  the  hydrokineters  or  donkey  pump,  as  the 
case  may  be,  kept  working,  until  the  boiler  bottoms  have 
grown  quite  hot. 

It  is  often  the  case  that  after  steam  lias  been  raised  it  has  not 
been  wanted  for  sonie  time,  through  del  a  v,  and  witli  t  lu*  l)()ilcrs 
standing  and  no  circulation  going  on  the  bottoms  will  lxvmm、 


(|uiie  cold ,  even  when  the  steam  is  at  working  prossui  1 1 
a  donkey  )>uin|>  is  the  only  means  for  cinuilating,  diiliculty  will 
be  found  in  getting  it  to  work,  if  at  all,  witli  liigli  pr'-wr"  on 
tlie  boilers.  To  guard  against  t  liis  drawback,  it  is  always 
advisable  to  fill  the  boilers  u|>  full  glass,  and  Mow  ofl  cold 
wat  er  from  the  bottonia  at  iiilci  vals.  Sliouhl  t  Ihm^  Ik*  no 
delay,  it  is  still  an  easy  matter  to  blow  the  water  off  before 
starting.  This  met IkmI  of  blowing  might  be  adopted  when 
lying  under  hanked  ii res,  especially  when  fre^h  wat<M  is 
(jbtainahle  for  making  up  \  1''、、 

If  the  boilers  are  allowed  to  stand  long  with  their  bottoms 
cold,  under  pressure  they  are  sometimes  unable  to  hear  the 
additional  straining  to  whicli  t hey  are  subjected,  by  tlie 
difference  of  temperature  between  prwticallv  tlu*  uj)|>er  two- 
thirds  and  tlie  lower  one-lliird  of  t  hoir  «  in-uintVrcjn  and  if 
not  causing  a  cracked  sliell  plate  it  is  invariably  the  cause  of 
leaky  circumferential  seams,  which,  wlien  once  started,  are  a 
trouble  to  keep  tight  ever  after.  This  difference  of  temp'* 
rature  can  amount  to  considerably  over  250 '  Fall.,  and  as  iron 
expands  0012  and  steel  0011  of  their  length  between  32'  Fall, 
and  212°  Fall.,  it  can  thus  be  seen,  that  with  a  large  boiler,  a 
severe  stress  would  be  set  up.  Siemens  steel  has  now  taken 
the  place  of  iron  in  boiler  making,  and  as  it  possesses  a  rnucli 
higher  tensile  strength,  together  with  greater  elasticity,  the 
danger  of  cracked  shell  plates  is  considerably  reduced,  but,  as 
the  percentage  of  strength  of  the  circumferential  seams  is  com- 
paratively low,  the  danger  of  sheared  rivets  and  leaky  se;im.、 
has  still  to  be  guarded  against. 

E rttrtial  Corrosion. — In  dealing  with  the  external  part  -  n\ 
a  boiler,  there  are  many  things  in  the  management  to  which 
sufficient  care  is  not  always  given  with  a  view  to  the  preserva- 
tion and  upkeep  of  the  boiler.  The  bottoms  of  combustion 
chambers  on  the  fire  side,  for  instance  ；  here  an  incrustation  of 
scale  and  dirt,  if  not  watched,  will  form,  and  witli  the  com- 
bustion chambers  being  frequently  swept  and  scraped  out,  tins 
scale  obtains  quite  a  smooth  surface  and  apj>ears  like  the  plate 
itself.  It  can  easily  be  detected  by  a  tap  with  the  round  < 
of  a  hand  hammer,  when  it  will  break  oft  in  flakes.  If  this  is 
allowed  to  form,  corrosion  invariably  goes  on  underneath  it, 
and  the  thickness  of  the  plate  is  sometimes  seriously  r"'lu"''l 
before  being  noticed. 

Salt  from  leaky  tubes  and  joints,  wlien  mixed  with  wet 
ashes,  causes  corrosion,  and  as  this  often  occurs  in  the  com- 
bustion chambers,  it  is  essential  that  any  leaks  noticeable 
should  be  stopped  at  the  first  opportunity.  Th©  boiler  front 
end  plates  at  the  bottom  suffer  a  great  deal  by  wet  ashes 
coming  in  contact  with  them.  This  cause  can  be  eliminated  to 
some  extent  when  at  sea,  if  the  ashes  are  removed  from  the 
furnace  fronts  immediately  after  the  fires  are  cleaned,  and  not 
allowed  to  remain  there  until  the  end  of  the  watch,  as  is  often 
the  case. 

Great  care  should  always  be  taken  when  putting  on  bottom 
manhole  doors  to  ensure  a  good  joint.  These  doors,  wlien 
leaking  constantly,  cause  the  flanges  of  the  plate  to  get 
corroded  away,  which,  in  time,  renders  it  impossible  to  make  a 
proper  joint.  This  trouble  is  further  influenced  by  the  pre- 
sence of  wet  ashes,  when  the  manholes  are  in  the  stokehold. 
More  often  than  not,  ashes  accumulate  on  the  manhole 
flanging,  between  the  "  dogs  "  of  the  door,  and  any  salt  leaking 
from  the  joint  forms  a  solid  mass  with  the  ashes  on  tlie  door, 
and  niiglit  remain  this  way  when  on  a  Ion*;  passage  for  weeks, 
corrosion  going  an  all  the  time.  This  leads  to  show  tlial  thev 
should  be  looked  at  daily  at  sea,  and  any  signs  of  accumiilatiou 
of  dirt  at  once  removed. 

Furnace  doors  being  in  const  ant  use  soon  get  out  of  onlcr. 
and,  as  they  are  an  iniiKntant  item  regarding  e^unoniv.  it  is 
necessary  that  thov  should  he  kept  in  j>ro]>er  repair.  If  not 
kept  properly  fitted  with  baflle  ]>la(os.  tliov  sm 川  hei-oinc* 
war^d  with  tlie  intense  heat  to  wliich  thev  aro  subje'  t'''l . 
The  difficulty  then  arises  in  getting  t liem  to  shut  rloselv,  ； m'l 
cold  air  is  allowed  to  be  admitted  into  the  furnaces  to  "、'  '  、、， 
and  so  reduces  the  efficiency  of  the  boiler. 


Institution  of  Automobile  Engineers.  At  a  lneetui^  rercntlv 
held  in  Glasgow  of  engineers  interested  in  the  automobile 
industry  it  wa^i  decided  to  form  a  Scottish  section  of  the 
Institute.  Mr.  T.  C.  Pullinger  was  elected  chairniau  of 
tlie  section. 
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BRITISH  COAL  SUPPLIES. 

Professor  Cadman,  of  Birmingham  University,  in  the 
course  of  a  lecture  on  '(Coal  Mining :  Past,  Present,  and 
Future/'  at  the  Midland  Institute,  said  that  within  the 
last  36  years  the  annual  production  of  coal  in  the  different 
countries  of  the  world  had  quadrupled,  rising  from 
277  million  tons  in  1878  to  over  1,000  million  tons 
in  1911  ；  and  in  Great  Britain  the  output  had  reached 
272  million  tons.  Our  coal  resources  were  supposed  to  be 
capable  of  yielding  193,000  million  tons.  That  figure  was 
arrived  at  after  an  exhaustive  and  extensive  enquiry  con- 
ducted by  a  Royal  Commission  on  Coal  Supplies  in  1905' 
and  it  appeared  that  the  coal  resources,  or  rather  the  fuel 
resources ― because  in  the  near  future  we  should  probably 
be  using  products  of  coal  in  a  manner,  perhaps,  that  we  did 
not  recognise  to-day —— were  assured  for  a  considerable  num- 
ber of  years.  But  such  an  estimation  could  be  only  tenta- 
tive. New  discoveries  and  developments  in  science  would 
necessitate  frequent  examination  of  our  fuel  resources.  The 
subject,  indeed,  was  of  national  importance,  and  we  were 
apt  to  treat  it  with  considerable  indifference。  A  per- 
manent arrangement  should  be  made  to  enable  the  Govern- 
ment and  the  public  to  be  kept  in  intimate  touch  with  the 
available  resources  of  its  premier  industry. 

The  future  of  coal-mining  in  this  country  was  wrapt 
in  problems  of  extraordinary  difficulty.  Those  of  a  mechani- 
cal nature  did  not  cause  much  anxiety,  for  engineering 
science  had  developed  at  such  a  pace  that  it  was  not  likely  to 
fail  to  meet  the  call  upon  it  in  that  direction.  The  control 
of  temperature  in  deep  mining  of  the  future  was  one  of 
the  most  difficult  problems  that  had  to  be  met.  It  was  one 
which  posterity  would  have  to  face.  The  question  of  coal- 
dust  explosions  was  also  touched  on  by  the  lecturer.  How 
were  these  calamities  to  be  stopped  %  The  problem  appeared 
to  have  been  solved,  and  the  remedy,  apparently,  was  quite 
a  simple  one.  The  committee  which  had  been  working  on 
the  subject  had  shown  after  extensive  experiments  that  for 
practical  purposes  the  adulteration  of  the  coal  dust  with 
some  incombustible  dust,  some  powdered  stone  dust  to  the 
extent  of  about  50  per  cent.,  was  all  that  was  required. 
By  the  proper  application  of  that  remedy  on  systematic 
lines  they  would  be  almost  entirely  relieved  from  those 
lamentable  accidents.  Unfortunately,  however,  regula- 
tions were  not  sufficient  entirely  to  meet  the  object.  The 
regulations  would  not  effect  a  remedy  unless  an  intelligent 
anticipation  of  the  problem  was  realised  not  only  by  em- 
ployers but  by  employes. 

Speaking  of  subsidences,  Prof.  Cadman  said  it  was 
only  when  mines  were  worked  in  an  irregular  manner  that 
the  surface  was  let  down  to  any  serious  extent.  In  order  to 
fill  the  holes  caused  by  the  removal  of  coal,  hydraulic  stow- 
ing had  been  devised,  a  method  which  consisted  in  flushing 
debris  from  the  surface  and  carrying  it  into  the  holes.  This 
method  would  permit  of  great  developments  in  this  country, 
particularly  where  new  undertakings  were  set  up.  It  would 
mean  that  more  efficient  extraction  would  be  possible,  with 
less  consumption  of  timber,  fewer  accidents  from  falls, 
greater  ease  of  ventilation,  and  less  subsidence.  Of  course, 
it  would  mean  an  increase  in  the  price  of  the  product,  but 
that  was  something  all  were  prepared  for. 


TESTING  MACHINE  FOR  LARGE-SIZE  GIRDERS. 

The  Director  of  the  U.S.  Bureau  of  Standards  of  the  De- 
partment of  Commerce  has,  according  to  "  The  Iron  Age," 
asked  Congress  to  provide  in  the  annual  Sundry  Civil  Appro- 
priation Bill  an  appropriation  of  £20,000  to  begin  the  con- 
struction of  the  largest  transverse  testing  machine  ever  con- 
structed. The  total  cost  will  approximate  £80,000,  and  it 
will  be  housed  in  a  special  building  to  be  constructed  at  an 
additional  cost  of  about  £50,000.  This  testing  machine  will 
weigh  more  than  200  tons  and  will  be  constructed  to  test 
to  destruction  plate  and  other  girders  up  to  75ft.  in  length 
and  12ft.  in  depth,  also  full-sized  brick  and  concrete  arches 
and  floor  construction. 

The  testing  machine  will  be  of  massive  construction  and 


will  be  supported  by  four  large  screws,  16in.  diam.，  carrying 
a  loading  mechanism  capable  of  loading  the  girders  uni- 
formly or  at  as  many  points  as  may  be  desired.  The  load 
will  be  applied  by  means  of  hydraulic  cylinders,  but  the 
weighing  device  is  of  the  lever  type  and  is  entirely  distinct 
from  the  loading  device.  Tentative  designs  have  been  pre- 
pared for  the  machine,  but  these  will  be  modified  and 
adapted  in  accordance  with  the  expressed  needs  of  engineers 
when  the  appropriation  is  secured.  An  important  feature  of 
the  designing  of  this  gigantic  testing  machine  will  be  the 
consulting  of  engineering  authorities  throughout  the  coun- 
try in  order  that  the  machine  may  be  so  built  as  to  be  avail- 
able for  all  projects  for  which  it  is  generally  designed. 
While  the  new  machine  wil】  be  the  principal  appliance  to  be 
housed  in  the  special  building,  considerable  other  heavy  test- 
ing equipment  will  be  assembled  under  the  same  roof,  as  it 
is  the  intention  of  the  director  to  bring  appliances  together 
to  place  the  structural  material  work  of  the  Bureau  of 
Standards  on  a  basis  somewhat  commensurate  with  the  needs 
of  the  engineers  of  the  country. 

The  Bureau  of  Standards  has  recently  put  into  operation 
its  large  tensile  and  compression  machine  of  the  Emery 
type,  and  is  now  engaged  upon  a  series  of  test^  of  columns 
according  to  a  programme  arranged  by  the  Column  Com- 
mittee of  the  American  Society  of  Civil  Engineers.  In  this 
connection  several  columns  presented  by  the  American  Rail- 
way Engineering  Association  are  being  tested.  A  collateral 
investigation  is  now  progressing  at  the  Pittsburg  branch 
of  the  Bureau  of  Standards,  where  similar  programmes  are 
being  carried  out  in  connection  with  the  10,000,0001bs.  com- 
pression machine  there  installed. 


THE  JUNIOR  INSTITUTION  OF  ENGINEERS, 

The  30th  annual  dinner  of  the  Junior  Institution  of  Engineers 
was  held  at  the  Holborn  Restaurant  on  Saturday  last,  the 
president,  Sir  Boverton  Redwood,  Bart.,  D.Sc,  F.R.S.E.， 
presiding.  Proposing  "  The  Petroleum  Industry,"  Sir  Oliver 
Lodge  said  that  in  future  engineers  would  be  more  associated 
with  the  operations  of  the  oil  industry  than  they  had  bean 
in  the  past,  and  he  took  it  that  it  was  the  realisation  of  that 
which  had  caused  the  Institution  to  elect  Sir  Boverton  Red- 
wood to  their  presidential  chair.  Sir  Oliver  referred  to  the 
Admiralty  as  a  very  good  customer  of  engineering,  and  added 
that  he  could  not  but  regret  the  immense  amount  of  ingenuity, 
skill,  scientific  knowledge,  and  expenditure  put  into  the 
work  of  death  and  destruction.  If  the  same  amount  were 
expended  in  a  scientific  laboratory  it  would  result  in  dis- 
coveries of  vast  importance  to  mankind.  The  country  that 
allowed  itself  to  get  behind  in  scientific  progress  and  dis- 
coveries was  going  to  take  a  back  seat.  Great  Britain,  he 
said,  had  to  wake  up  in  that  respect,  and  realise  that  while 
we  were  rich  enough  to  have  good  engines  of  defence,  we  must 
also  be  rich  enough  to  explore  the  secrets  of  nature.  The 
importance-  of  the  petroleum  industry,  not  to  our  nation  only, 
but  to  all  nations,  was  being  recognised  by  the  Governments 
of  these  countries,  but  not  least  by  our  own  Government. 
Sir  Boverton  Redwood,  in  responding,  said  that  in  the  petro- 
leum industry  there  had  been  no  lack  of  leaders,  and  they 
had  every  reason  to  be  proud  of  the  part  that  British  engineers 
had  played  in  the  development  of  oilfields  in  various  lands. 
But  to  our  shame  he  had  to  say  that  whilst  there  had  been 
leaders,  it  had  been  occasionally  difficult  to  find  men  properly 
qualified  to  take  part  in  the  work  initiated  by  the  men  to 
whom  he  had  referred,  and  it  had  often  been  necessary  to  go 
abroad  in  order  to  find  men  effectively  trained  to  take  part 
in  this  important  work.  He  was  of  the  opinion  that  the 
University  of  Birmingham,  in  instituting  a  special  curriculum 
for  the  training  of  students  in  petroleum  mining,  leading  up 
to  the  degree  of  Bachelor  of  Science  in  Petroleum,  have  per- 
formed a  signal  service  which  ought  to  be  generally  recognised 
as  one  which  it  is  desirable  to  support  in  every  possible  way. 
Mr.  Ernest  King,  responding  for  "  The  Institution,"  which 
was  proposed  by  Prof.  Meldola,  said  that  the  total  membership 
had  now  reached  1,272,  by  an  almost  unbroken  record  of 
progress.  In  the  first  five  months  of  the  present  session  the 
membership  had  increased  by  the  extraordinary  number  of 
101  net,  as  against  an  increase  of  35  for  the  whole  of  last 
session. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Clyde  Shipbuilding. —— During  the  past  month  21  vessels  were 
taunc'lKHl  from  Clyde  shipyards,  having  a  totnl  lonun^'  of  l"，d'， 
ns  cotnpanHl  with  11  vessels  of  22,272  tons  in  .January.  Owiiig  to 
the  (l<'prossion  in  the  freight  market,  very  few  m'(l"rs  wcro  placed 
tor  new  work. 

German  Machine  Tool  Industry  in  1913.  ―  According  to  £l  Stnhl 
und  Kison,"  the  results  of  most  of  the  companies  in  the  Union  of 
German  Macliino  Tool  Makers  w ore  satisfactory  for  1913,  and  in 
nuiny  cases  better  than  in  1912.  Husinoss  was  also  (';irr"'(l  <>n 
right  up  to  tho  autumn  nt  r('muii('r"tiv<'  prices.  Kv<in  in  tin*  last 
(|ii;irtor  business  was  on  the  whole  jiood,  but  tho  dcniaiid  sl:i(  l"'t"><l 
noticeably  during  that  period,  and  also,  on  account  of  tho 
iallin^off  of  iron  and  stool  prices,  tin*  (n  iccs  originally  domaiulod 
for  tho  machines  could  not  be  maintained.  The  conclusion  of  the 
yea r  wns  tluMoforc  a  little  less  favourahlo  than  the  beginning. 
The  exports  of  macbino  tools,  the  largest  of  all  tho  l)ranches  of  tho 
(^•i  nian  macliino  industry,  showed  a.  distinct  increase,  rising  from 
72,000  metric  tons  in  1912  to  87,000  metric  tons  last  year.  The 
total  exports  of  machinery  (other  than  electrical)  increased  by 
;-).「>,。()(）  metric  tons  to  594,000  metric  tons  in  1913. 

Conciliation  in  Labour  Disputes. ~  A  record  number  of  cases  was 
dealt  with  by  the  Board  of  Trade  during  1913  under  the  Concilia- 
tion Act  of  1896.  The  year's  total  was  99，  against  73  in  1912,  and 
92  in  the  previous  record  year,  1911.  The  most  important  disputes 
in  "  hich  action  was  taken  were  the  strike  of  metal  workers  in 
Soutli  Staffordshire  and  North  Worcestershire ,  and  the  strike  of 
transport  workers,  &c.，  in  Dublin.  The  former  dispute  commenced 
in  April,  and  affected  directly  or  indirectly  about  50,000  work- 
people, the  demands  involving  a  claim  for  a  minimum  wage  of  23s. 
per  week.  A  settlement  was  arrived  at  in  July.  Tho  Dublin 
strike  began  with  the  tramwaymen  on  August  26th,  and  involved 
about  20,000  persons  by  the  end  of  September.  The  report  details 
the  unsuccessful  efforts  to  settle  the  dispute,  and  adds  that  a 
general  resumption  of  work  occurred  towards  the  end  of  January 
:\  iid  the  beginning  of  February.  Of  the  99  cases  dealt  with,  53 
involved  a  stoppage  of  work  Sinoe  the  Act  came  into  force  in 
1896  a  total  of  696  cases  have  been  dealt  with,  about  65  per  cent, 
of  these  having  occurred  during  the  last  six  years.  The  record 
(established  in  1911  was  due  to  the  sudden  rise  in  transport  cases 
from  3  to  21，  and  that  last  year  to  an  increase  in  the  building 
trades  from  10  to  31.  The  total  number  of  voluntary  conciliation 
hoards  and  standing  joint  committees  in  existence  at  the  end  of 
1913  was  325. 

State  Ownership  of  Mines. 一 At  a  recent  meeting  of  the  Newcastle 
Economic  Society,  Prof.  Louis,  M.A.,  D.Sc,  in  a  lecture  on 
" Nationalisation  of  Mines  and  Minerals,"  pointed  out  that  in  the 
only  State-owned  coalfield  in  this  country,  the  Forest  of  Dean,  the 
men's  wages  and  conditions  were  no  better  than  in  any  other  part 
of  the  country.  Indeed,  the  men  were  paid  lower  wages.  Nor  was 
the  coal  sold  at  any  cheaper  rate.  He  also  instanced  the  cases  of 
the  royalties  owned  by  the  Ecclesiastical  Commissioners,  and  drew 
comparisons  in  favour  of  privately-owned  mines  against  Stati- 
on'nod  mines,  both  in  regard  to  wages  and  conditions,  in  West- 
phalia and  in  a  State-owned  mine  in  Victoria,  Australia.  The 
l>rofossor  referred  to  the  trouble  which  had  occurred  over  the 
State  railways  in  South  Africa,  and  said  he  thought  that  an  object 
lesson  wliicli  should  be  sufficient  to  deter  the  most  enthusiastic 
advocate  of  mines  nationalisation.  He  mentioned  tliat  in  the 
House  of  Commons  recently  the  Labour  party  had  moved  an 
amendment  to  the  address  of  tho  Throne  because  tho  legal  inter- 
t'("'(、iK'(、  with  mines  during  the  last  three  years  had  not  brought 
the  miners  any  benefit.  Now  they  saw  orders  for  coals  going  to 
Wostplialia,  which  had  hitherto  come  to  this  country,  because  of 
the  increased  cost  of  production  due  to  these  useless  legislative 
restrictions.  He  protested  against  the  argument  that  uiulor  a 
national  system  there  would  be  greater  safety  of  mines.  Sucli  a 
statoniont  Avas,  he  said,  a  reflection  upon  the  care  which  w  as  taken 
Itv  tho  mine  owners  of  this  country  at  the  present  day. 

The  Shipping  Outlook. ―  At  the  annual  meeting  of  tho  Chanil>or  of 
Sliippinjj;  of  the  ITnited  Kingdom,  held  in  London  on  Foliriiar> - 
27th,  Mr.  J.  H.  Warrack.  the  pi-osidont,  in  the  course  of  his 
juldrcss,  siiid  that  he  regretted  lio  could  not  ('ongratulato  thvm  on 
tin1  piosont  condition  and  future  prospects  of  nuMcliaiit  shipping. 
At  the  moment  it  was  evident  that  the  increased  additions  to  the 
world's  tonnage  during  the  last  three  years,  combined  with  a 
shrinkage  in  the  carrying  requirements  and  the  】'eleaso  of  a  lar^e 
number  of  steamers  whicli  liad  been  (Mi^n^tMl  on  tiim、  clia rtor  to 
t'f^uhir  lilies,  liad  turned  the  scale  in  favour  of  the  """('luint,  :m(l 
probably  tho  fact  that  owners  were  not  now  acting  with  the  saitu* 


c«nifi(l<'iK  <'  liHp(，<l  to  ； icccntiiiiU'  tli''  s<'\  tn'  <li  op  in  inU:^  "Im  li 
thoy  liad  <'xp('ricii<M'(l  during  tli<，  last  IVu  mouths.  Not  m\\\ 
rates  of  in'iglit  m;it<'riall.v  (l('(  r<':is4'<l.  1'iit  «,、、  i"'rs  liad  nou  to  i;"',' 
liigl"'r  ruimiii^  expenses,  from  w  hich  tli('、  、、 not  likely  to 
obtain  much  rel""'  for  homio  time.  Wliih*  tlio  outlook  tl"'r'.i ''• 
wius  far  from  promisiiig,  it  wns  a  mistal"'  to  take  too  gloomy  a  view 
of  the  situation.  Shipping  g<»i"'i*all.v  was  in  a  iniict)  soundci 
financial  position  to-day  than  for  many  v'  ars,  anM  it  、、： t、  to  !><• 
lio|)C(l  that  this  circumstance  would  assist  o\\  m-rs  tr>  make  a  lx*tt*T 
.stand  against  the-  efforts  mad"  unduly  to  (l<'pn's、  rat<-.s  and  <'iialil»' 
them  to  face  the  only  remedy,  tl"»  laying  up  of  tonna^<*  i ;itlicr 
than  run  at  a  loss.  No  doubt  tl"'  tonnage  put  into  tho  w  aU*i 
during  the  last  three  years  and  tho  heavy  amount  under  const""' 
tion  would  tako  some  time  to  u  oi  k  off,  hut  if  owners  w  ho  were  'i'»t 
compoIltHl  to  build  tonnage  to  iiiaiittiiin  tl"'ir  regular  lm<、  wil'l 
refrain  iroin  placing  orders  tor  tlie  next  two  > cars  thoy  would  not 
only  do  much  to  restore  a  higher  level  of  rates,  but  th<'.v  wciil'l 
then  be  able  to  buy  at  considerably  lower  prices.  The 
development  which  liad  taken  place  in  tin*  uK-rchant  fleet  of  tli*- 
world  during  the  last  2S  years  was  strikingly  shou  n  l>y  thf*  fact 
that  in  1888-89  there  were  9,890  steamers  with  ； i  total  frrms 
tonnage  of  10,918,153  tons,  and  in  1913-14  there  were  23,897 
steamers  of  43,079,177  tons,  an  increase  of  32,1(51,024  tons,  or 
ill  most  300  per  cent.  To  add  to  the  difficulties  of  conductinu  busi- 
ness with  freights  at  a  much  lower  level  there  was  the  uncertainty 
and  loss  caused  by  frequent  labour  disputes.  The  suggestion  had 
been  made  that  strong  conciliation  hoards  might  he  formed  to  pre- 
vent disputes  coming  to  a  head  or  secure  a  settlement  should  ;i 
strike  take  place,  but  employers  would  hesitate  to  adopt  such  ； i 
method  unless  they  could  be  assured  of  the  competence  and 
absolute  impartiality  of  such  boards,  and  that  their  decisions 
would  be  accepted  as  hinding  by  the  employed  as  well  as  the 
employer.  Meanwhilo  the  only  course  open  appeared  to  to 
press  for  amendment  of  the  Trades  Disputes  Act  of  1908,  and  to 
urge  the  Government  to  protect  from  intimidation  those  who  、、<"•" 
willing  to  work. 

Army  Aeroplanes.— In  the  House  of  Commons  a  few  d;i\、  .， 乂'' 
Col.  Seely  (Secretary  for  War)  gave  some  interesting  information 
relating  to  the  development  and  use  of  aeroplanes  in  the  Armv. 
He  stated  that  on  July  30th  last  they  had  113  aeroplanes  for  tin- 
Flying  Squadron  and  for  the  Flying  School.  Since  that  date  they 
had  struck  off  52  and  had  added  100  new  aeroplanes,  makinu  ；! 
total  now  in  possession  of  161. .  The  striking  off  of  52  machines 
seemed  a  strong  step,  but  it  was  perfectly  justifiable.  The 
machines  they  had  a  year  ago  were  nothing  like  as  good  as  they 
had  now .  This  step  had  been  taken  to  minimise  the  risk  to  life 
and  limb,  and  it  had  had  that  result.  Since  July  30th  the  number 
of  miles  flown  was  well  over  100,000.  During  that  tim3,  excluding 
Saturdays  and  Sundays,  which  were  not  flying  days,  there  had 
only  been  six  days  on  which  flving  had  not  taken  place,  and  there 
had  not  been  one  single  fatal  accident  to  an  officer  or  man  of  the 
Royal  Flying  Corps,  and  there  had  been  no  case  of  any  serious 
breakage  of  a  main  part  in  the  air.  The  creation  of  an  inspection 
branch  was  to  see  that  machines  were  carefully  tested  in  every 
part.  They  had  made  arrangements  for  accelerating  the  provision 
of  the  squadron,  and  would  require  250  aeroplanes  ―  50  for 
the  central  flying  school  and  200  for  the  military  wing.  They  had 
come  to  the  conclusion  that  if  they  wanted  to  have  10  aeroplanes 
ready  at  any  given  moment,  they  must  have  20  in  their  possession. 
The  great  majority  of  the  machines  were  biplanes.  They  could  not 
count  the  life  of  an  aeroplane  as  more  than  two  years,  so  they 
would  require  125  new  machines  a  year  to  keep  up  the  supply. 
These  could  be  got  in  the  United  Kingdom.  Of  the  100  obtained 
since  July,  they  got  13  from  abroad  and  87  in  this  country.  He 
had  satisfied  himself  that  tho  condition  of  the  industry  was  mk  Ii 
that  they  could  quite  easily  get  all  the  aeroplanes  they  required 
in  this  country.  With  regard  to  entries,  a  competition  was  to  be 
held  in  the  near  future,  with  a  considerable  prize,  and  orders  to 
the  extent  of  £50,000  for  a  British-built  engine.  He  believed  thoy 
could  also  get  all  the  engines  they  required  in  this  country  in  a 
short  space  of  time.  They  proposed  that  much  tho  larger  propor- 
tion should  be  constructed  by  private  firms.  The  smaller  propor- 
tion would  be  constructed  by  the  Royal  Aircraft  Factory.  lo;iviim 
them  free  to  make  experiments  and  to  construct  machines  of  a 
special  type,  of  which  they  did  not  wish  the  details  to  become 
known.  They  had  nothing  to  fear  as  to  the  capacity  of  this 
country  to  produce  the  machines  and  engines  required.  Tho 
average  speed  of  thoir  macliines  was  65  to  66  miles  an  hour,  、、1、"'1， 
was  much  groator  than  the  average  sjM^od  of  tho  aeroplanes  of  any 
other  country.  There  could  he  no  doubt  as  to  the  usefulness  of 
these  machines.  Tho  po、ver  of  vision  from  the  air  was  astonishing. 
At  a  height  of  5,000ft.  one  could  see  clwirly  on  an  ordinary  day 
every  dotail  of  tho  landscape.  On  tho  whole,  he  boliovod  th»\\  ha'l 
inado  vory  satisfactory  propr(、、s.  and  they  hoped  to  make  >till 
furtluM-  progress  in  the  year  to  come. 
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NEW  PATENTS. 

Speciftcatit)ns  of  the  {olhurimj  an-  now  pulAished,  and  we  shall 
be  pleased  t"  jorwa nl  "'/"•'  . 、-  post  ji  ♦  on  n  ceqd  of  Uhl.  .4'/(/n  、、 
u  Mn  hatiti  ill  Khtj'tn *'*'/,"  f>;i,  N*  w  liaihy  Strt'rt)  Manchest er. 

MECHANICAL  1912. 

Tntornalmmhustion  on*»;inos.      Rodrup,  Rovlo,  Hovlo,  Ar  TJodrtip 
25452. 

Power    luunmors.      Pottin^oll   Machino  Company,  and 
25789. 

Safety  apparatus  for  arresting  pit  cages  and  hoists. 
28781. 

1913. 

Internal-combustion  engines.    Fullagar.  603. 
Manufacture  of  chains  with  welded  links:    Bindel.  2785. 
Apparatus  for  controlling  or  regulating  the  speed  of  railway  trains. 

Ward.  2981. 
Piston  valves  for  pumps.    Duverger.  3059. 
Nut  locking  devices.    Thompson.  3086. 
Apparatus  for  raising  water.    Paindavoine.  3295. 
Centrifugal  governors.    Clark.  3328. 

Apparatus  for  converting  reoii)rooatorv  motion  into  rotary  motion. 
Wade.  3338. 

Cast  iron  and  process  for  producing  same.    Anderson.  3354. 
Motor- driven  vehicles.    Norton.  3369. 
Variable-speed  mechanism.    Giles  &  Giles.  3492. 
Heat-radiating  device  applicable  to  intei-nal-combustion  ongii 化 s. 

Wharrad  Engineering  Company,  and  Wharrad.  3493. 
Manufacturing  cement  steel.    Benjamin.  3554. 
Change-speed    gear    mechanism    for    motor- vehicles.  Sti'atton. 

3674. 

J!<'\  olvin^;  cvliiuler  internal-combustion  engines.    Baird  &  Turner. 
3710. 

Apparatus   for   the  automatic  production  of  non-oiroular  holes. 

fiauterjun^.  375(i. 
Maniirjictuiv  of  products  of  indefinito  length  from  molton  lead  or 

otlici-  metals  or  allo>-s.  I)<kl);ui^e.  3944 . 
Production  of  gaseous  fuel.    Southey.  4006. 

Elastic   fluid    turbines.      Wji rwiok    Machinery    Company  (19U8). 
4092. 

C'ailiurett^rs  for  internal-combustion  engines.    Roots.  4503. 
Centrifugal   pump    or    fa  n .     Johnston,    and    Globe  Piuunnatic 

Engineei  in^;  C'oiiipany .  4661. 
Boiler  furnaces.    Thomas.  5<i74. 

Apparatus  tor  treating  boiler  foed  water.    Genssen  &  Wiebelitz. 
59-19. 

C'nrburetters  for  internol-oomhustion  engines.  Hammond.  <i( K>3. 
Muffle  furnaces.    Curran.  (>U>o. 

Lubrication  of  internal-combustion  engines     Neuto.  (i374. 
Penstocks  and  valves.    Ada ms.  6417. 
(  Viitrifugal  fans.     Hancock.  7492. 

Internal-combustion  engines  of  the  sleeve-valve  tvpe.     Hurt  and 

Matthew.  7879. 
Heating  or  condensing  apparatus.    Da  hi.  8217. 
Apparatus  for  governing  the  speed  of  i-ailwav  trains.  Alexander. 

8245. 

Diaphragm  pumps.    Bentall  <t  Bingham.  834-5. 

Mnnutacturc  of  ammonia  and  other  by-prod i:cts  in  ^as  producers. 

Wade."  9499. 
Revolving  c\  lin<l«'i-  rccipi'ocatiM^;  engines.    Soutluall . 
Starting  of  internal-combustion  engines.  Punlav. 
Promoting  (  omhustion  in  hoiloi*  fui  nnccs.     Stow  ;irt . 
CVntrifugal  pumps.    Mond.  11314. 

Keverberatory  furnaces.    Soc.  Franchise  D'Exploitation  de  Fours 

Speciaux  a  Haute  TVnipenitmv.  11390. 
Removing  soot  from  fire  tubes  of  steam  generators.  Gi'unwnld. 

11732. 

lU'tort  furnaces.    Londress  &  Worley.  11900. 
( i  Imretters  for  inteniitl coinlnistion  engines.    Dicker.  11969. 
Iuternal-combustion  engines.    Tugwood.  12352. 
T、vo-sti'oke  cycle  in  tenia  l-comhustion  engines.    B  rot  tell.  13397. 
SptM'd-rlui lining  gearing.    Wardw  ell.  13880. 
Railway  rail  joints.    Allen.  14024. 
Optical    indicator    for    internal- f'ombiistion 

engines.    Dalbv  &  Watson.  14108. 
RcK-k  drills.    Meyer.  14637. 
Fluid-[)iossint'  motors  for  driving  torpedoes. 

Salmson.  15303. 
Variable-speed  and  ie\  ei-.sin^;  gearing.    Mortier.  15522. 
Method  of  separating  harytes  from  ores.    Gioenstreet.  10273. 
Hotary  explosion  engine.     Dupont.  l(i<>31. 
Pi  I"'  、、  r('ii(l"'s.     Ocaly.  17673. 

ior  sup[>lvinrr  nftuating  fluid  to  tho  ovlindors  of  haulnp;o 
\V<m)(I  A   Wood.    18114.  * 


9525. 
10206. 
10234. 


(Mi^inos   aiul  steam 
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Boiler  ciiculators.    Frasor.  188(51. 

(':ir(l:iii  joints.    Sor.  Anon.  lTsincs  Pij>o.  18038. 

Sh':mi  j(*t  ;»|>|»;u-;iius.    Mi(Msl)o.  ]D22<i. 

Tnuismission  w;iimg  ior  juitornohilo  vcliiHos.    Mcllcrsli  J;Kk^on 
1  !)!'：>!». 

Iiitcinal  (-(.nilmst  ion  cn^iiios.     Sliillito  A   Wall  work.  ；；(!!. 
A|)l»;ir;itiis  lor  iiltcrin^  dust  from  air  iind  ^.-iscs.     AII(l;iv  A' 
10G95. 

Ammlar  hall  l>o;uin^s.    Schatz.  1*)7M. 

Automatic  starting  device  ior  f'xplosio"  olivines.     Oav  S:  Pauilliac 
20842. 

Detachable  fastening  devices  for  flexible  stays.    Vickors    Ltd  and 

Challenger.  21232. 
Change-speed  gearing  for    motor    road  vehicles.      Stewart  and 

Williams.    22624.  ' 
Burner  for  autogenous  welding  and  cutting  of  metal.  Konasbak 

22923. 

Power  transmission  means.    Fournier.  23846. 

Control  device  for  rotary  boiler  feed  pumps.    G.  &  J.  Weir,  Ltd., 

and  Petermoller.  24073. 
Anti-friction  hearings.    Greene.  24582. 
Reheating  furnaces.    Siemens.  28048. 
Regenerative  coke  ovens.    Schuster.  29517. 

ELECTRICAL,  1912. 

】':Wtriml  ignition.    Hicklleeombe  &  Thomas.  28513. 

1913. 

of    electric  signalling 
Williams.  788. 

for   generating   alternating  electric  currents. 
802. 

Klpftrical  control  of  alternating-current  motors.      Otis  Elevator 

Company.  3249. 
T (小1 plioi">  systems 

pnny.  3339. 
Kl('('tric  motor  control  systems. 

pany.  3565. 

Suppi'essing  the  interruption  are  on  electric  switches 
3882. 

Inter  com nmnication  tek'plioiie  systems.    Sterling  Telephoiu  mui 

Klortric  Company,  and  Bell.  4396. 
KUict ric  machines  having  oommutators.    Lj ungstrom  &  Widstriini 

4773. 

Controller  for  electric  lifts  and  hoists.    Cooper  &  Barlow.  4860. 
P^lectrical  contact  devices  particularly  applicable  to  are  lamps. 

】；rockie，  and  Johnson  &  Phillips,  Ltd.  41)27. 
M;i*>;azine  electric  fuse  box.    Groves.  6861. 
Electric  lighting  of  vehicles.    Lee  &  Oldfield.  7286. 
Prepayment  appai'atus  for  the  supply  of  elect rioitv.  Garsi<l<\ 

7853. 

Automatic  telegraphic  apparatus.    Gell.  14407. 
Telephone  relays.    Schiessler.  15179. 

Automatic  telephone  exchanges.    Reeves  &  Luiidell.    l.V>7 卩. 
Dynamos.    Brooks  &  Holt.  15697. 

Rectifiers  for  alternating  electric  currents.    Richardson.  10668. 
Tfoliies  or  collectors  for  electricity     Wallace  &  Macey.    2( )'2H  \ . 
Suhniai  ine  electric  lamps.    Davis.  ！ 2111.5. 

Af'tuating  electric  apparatus  at  a  distance.      "Wide^i-en  &  Widc- 
Kren.  29240. 


impulses    throu^li  r;il>]os. 


Automatic  Telephone  Manufaoturino;  ('(,m 


I3iitisli  Thomson-Houston 


】3urst.vn. 


METAL  QUOTATIONS. 

TUESDAY,  MARCH  3rd. 

Aluminium  ingot   86/-  per  cwt. 

,,         wire,  according  to  sizes,  &c  from  112/ -  " 

,，         sheets        ，，  ，，    "  112/- - ，， 

Antimony   £27/10/-  to  £29/10/-  per  ton 

Brass,  rolled   7|d.  per  lb. 

，,    tubes  (brazed)    9|d.  ,, 

，，       "     (solid  drawn)   8|-d.  " 

，,       ，，      wire    7Jd.  ，, 

Copper,  Standard   £64/-/-  per  ton. 

Iron,  Cleveland   50/ (»  ，， 

，， Scotch   50/6  ，， 

Lead,  English    £20/r>/-  ,, 

，, Foreign  (soft)    £20/-/-  ,, 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,，  ,，  ，，       medium   3/6  to  6/-  '， 

,,  ,,  ,，       large   7/6  to  11/- ,， 

Quicksilver   £7/10/-  per  bottle 

Silver   26^d.  per  oz. 

Spelter    £21/7/6  per  ton. 

Tin,  block   £173/—/-  ，， 

Tin  plates   13/3  ，， 

Zinc  sheets  (Silesian)    £25/—/-  •， 

(Stettin  ；  Vieille  Montague)   £25/2/6  ,, 
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UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,    H  ighest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c. 


(i) 


HEAD  OFFICE: 

112,  QUEEN  VICTORIA  STREET,  LONDON,  EX. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand. 

Now  a  smile  he's  always  wearing,  he's  found  "NONLEAK  "  will  stand. 


WHY   NOT  WEAR   A  SMILEP 

NONLEAK  JOIN compound 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE! 


FREE  FROM  LEAD  I 

IMPROVES  WITH  AGE  1 


TESTING  SAMPLES. 


WILL  NEVER  BLOW  OUT,  SCALE,  OR  HOT. 

B,  Leeds  Road, 


J.  E.  TURNER  &  CO.,  Ltd.,  ^  Bradford,  Yorks. 
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Steel  Driving  Belts. 

Some  of  our  readers  will  b&  aware  that  in  connection  with 
investigations  that  have  been  made  by  the  Mill-driving 
Committee  of  the  Textile  Institute,  Manchester,  several 
papers  have  been  presented  by  experts  setting  forth  the 
respective  merits  of  various  methods,  not  only  of  power  trans- 
mission but  of  power  development.  The  relative  advantages  of 
reciprocating  engines,  steam  turbines,  gas  engines,  oil  engines, 
and  electric  motors  have  already  been  pretty  fully  set  forth, 
while  more  recently  the  long-standing  claims  of  leather  belts 
for  subsidiary  power  transmission  liave  been  challenged  by 
the  chain  drive,  and  on  the  24th  ult.  another  paper  was  read 
urging  the  superiority  of  steel  driving  belts  to  the  cotton 
rcpes  usually  employed  for  main  power  transmission.  Not- 
withstanding all  that  has  been  said,  however,  respecting  power 
developments  and  transmission,  no  serious  innovation  has 
been  mad©  upon  the  methods  that  have  been  in  vogue  during 
the  last  20  years.  It  is  true  that  a  survey  of  Lancashire 
mills  would  reveal  a  few  examples  of  every  method  of 
power  development  enumerated,  but  the  horizontal  reciprocat- 
ing engine,  either  triple  or  compound,  with  Lancashire  boilers 
and  superheaters  is  so  generally  adopted  that  it  may  be 
regarded  practically  as  the  standard  type  of  power  plant,  and 
the  cotton  rope  drive  from  the  engine  flywheel  to  the  main 
line  shafts  on  each  floor  as  the  standard  method  of  power 
transmission.  It  is  counted  to  the  Lancashire  inillowner  for 
conservatism  that  he  adheres  to  old  and  well-tried  methods, 
but,  if  it  be  so，  it  is  conservatism  of  a  wide-awake  kind,  for  no 
power  user  is  more  alert  to  seize  an  advantage  when  it  has  been 
clearly  demonstrated,  though  his  notions  on  this  point  are  apt 
to  differ  from  those  who  are  interested  in  only  oue  feature  of 
his  power  installation  and  see  only  one  item  iu  his  balance- 
sheet.  He  was  not  slow  to  take  up  rope  driving  and  discard 
his  spur  gears  and  second  motion  and  vertical  shafts  when  the 
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advantages  of  the  former  were  demonstrated.  These,  how- 
ever, did  not  consist,  as  some  engineers  who  ought  to  know 
better  appear  to  think,  in  the  more  regular  driving  and  lesser 
resistance  of  ropes  as  compared  with  gearing — as  a  matter  of 
fact,  the  resistance  is  more— but  in  the  greater  reliability  and 
diminished  cost,  the  former  being,  however,  the  determining 
factor,  and  one  which  is  too  often  overlooked  by  advocates  of 
competitive  methods.  Spur  gearing  for  a  long  time  reigned 
supreme,  but,  with  the  increase  in  size  of  mills  and  engines, 
a  point  was  reached  at  which  it  became  difficult  for  the  teeth 
of  large  spui'  driving  wheels,  designed  on  ordinary  lines,  to 
transmit  the  power  that  was  required,  and  those  who  can 
throw  their  minds  back  some  20  years  will  recall  tli©  interest 
and  discussion  aroused  when  Mr.  Michael  Longridge  first 
suggested  a  radical  departure  from  established  practice  as 
regards  the  form  of  teeth  for  spur  driving  wheels,  and  to  whieli 
he*  briefly  alluded  in  his  recent  paper  on  engine  breakdowns 
(see  p.  216  ante).  The  objection  to  all  tooth  gearing,  how- 
ever,  in  main  transmissions  is  that  in  the  event  of  failure  of 
a  few  teeth  a  serious  and  costly  stoppage  may  be  entailed,  and 
this  is  the  event  which,  of  all  others,  the  millowner  most 
dreads,  and  beside  which  a  slight  gain  in  fuel  is  a  bagatelle. 
With  the  adoption  of  ropes  much  anxiety  on  this  score  was 
avoided,  since  a  rope  could  be  resplioed  or  renewed  with  little 
or  no  interference  with  the  continuity  of  running.  It  is  not 
necessary  to  labour  the  question  of  friction  losses  between 
prime  mover  and  machine  to  establish  the  claims  of  ropes  over 
gears.  In  fact,  to  make  any  such  claims  is  erroneous,  and  the 
niillowner  has  been  quite  ready  to  adopt  the  rope  drive,  as 
we  have  seen,  even  though  he'  pays  a  little  more  in  the  way 
of  power.  Whether  a  thin  steel  band  can  claim  an  all-round 
superiority  over  a  cotton  rope  is  a  matter  which  must  be 
decided  to  some  extent  by  experience,  and  this,  so  far  as 
regards  mill  driving,  is  lacking.  Steel  driving  bands  are  not 
new.  They  have  been  adopted  for  some  time  on  the  Con- 
tinent for  heavy  power  transmission  service,  and  some  interest- 
ing claims  are  made  far  them,  amongst  these  being  the  small 
amount  of  slipping,  the  narrow  width  of  a  belt  for  a  given 
power,  and  the  high  speed  at  which  they  can  be  run.  In  his 
paper  before  the  Textile  Institute  Mr.  Kruger  quoted  some 
figures  showing  distinct  improvements  in  efficiency  by  the  use 
of  steel  belts  in  place  of  cotton  ropes,  but,  with  all  due  respect 
to  these,  they  were  too  limited  and  too  partial  to  permit  of 
anything  like  a  complete  judgment  being  formed  as  to  their 
merits.  Questions  of  durability,  facility  of  handling,  ease-  of 
renewal,  apart  from  those  of  cost  and  economy  of  power,  are 
of  importance  to  the  millowner,  and  until  he  can  receive  fuller 
information  regarding  these  than  were  vouchsafed  in  the 
course  of  the  paper  he  is  not  likoly  to'  abandon  the  use  of 
cotton  ropes  for  steel  bands,  though  we  do  not  doubt  he  would 
make  the  exchange  without  hesitation  if  he  were  convinced 
of  its  advantage. 


SURFACE  COMBUSTION. 

In  the  course  of  a  lecture  on  11  Surface  Combustion"  recently 
delivered  before  the  Royal  Institution,  Prof.  W.  A.  Bone 
stated  that  by  applying  the  principle  of  surface  combustion  to 
the  gas-firing  of  multitubular  boilers  it  had  been  possible  to 
obtain  results  with  coal  gas  corresponding  to  the  transmission 
of  nearly  95  per  cent,  of  the  net  calorific  value  of  the  gas  to 
the  water  in  the  boiler.  The  first  experiments  in  Leeds  were 
made  with  a  single  steel  tube  3ft.  in  length  and  3in. 
diam.，  packed  with  fragments  of  granular  refractory 
material,  meshed  to  a  proper  size,  and  fitted  at  on©  end  with 
a  fire-clay  plug,  through  which  was  bored  a  circular  hole, 


^in.  diam. ,  for  the  admission  of  the  explosive  mixture  of  gas 
and  air  at  a  speed  greater  than  that  of  back  firing.  Such  a 
tube  is  the  fundamental  unit  of  the  boiler  system,  because 
boilers  of  almost  any  size  may  be  constructed  merely  by 
multiplying  the  single  tube,  and  as  each  tube  is,  so  to  speak, 
an  independent  fire  or  unit,  the  efficiency  of  the  whole  is  that 
of  the  single  tube,  or,  in  other  words,  the  efficiency  of  the 
whole  boiler  is  independent  of  the  number  of  tubes  fii'ed.  In 
experinieiiting  with  such  a  tube,  it  was  found  possible  to  rn 
completely  a  mixture  of  100  c\\b.  ft.  of  coal  gas  plus 
550  cub.  ft.  of  air  per  hour,  and  to  evaporate  about  lOOlbs.  of 
water  from  and  at  100°  C.  per  hour  (201bs.  to  221t)s.  per  squ:tiv 
foot  of  heating  surface),  the  products  leaving  the  further  end 
of  the  tube  at  practically  200°  C.  This  meant  the  trans- 
mission to  the-  water  of  88  per  cent,  of  the  net  heat  develoj>^<l 
by  the  combustion,  and  an  evaporation  per  square  foot  ()1 
heating  surface  nearly  twice  that  of  an  express  loco'm()ti、  ，• 
boiler.  Of  the  total  evaporation,  no  less  than  70  ]>er  cent . 
occurred  over  the  first  linear  foot  of  the  tube,  22  per  cent, 
over  the  second  foot,  and  only  8  per  cent,  over  the  last  foot. 
A  boiler  erected  at  the  Skinningrove  Ironworks  for  use  with 
coke-oven  gas  consists  of  a  cylindrical  drum  10ft.  diam.  and 
4ft.  from  front  to  back，  traversed  by  110  steel  tubes,  each  of 
3in.  internal  diameter,  which  are  packed  with  fragments  of 
suitable  refractory  granular  material.  Trials  made  with  this 
boiler  at  the  end  of  July,  1912，  after  it  had  been  running  for 
five  months,  showed  that  of  the  net  heat  supplied  92*7  per 
cent,  was  utilised,  3  per  cent,  passing  away  with  the  burnt 
gases,  and  4*3  per  cent,  being  lost  by  radiation,  &c.，  but  none 
in  unbumt  gas.  Deducting  the  steam  equivalent  of  the 
power  consumed  in  driving  the  fan  the  over -all  efficiency  of 
the  plant  is  practically  90  per  cent.  The  Skinningrove  Com- 
pany have  put  down  a  second  unit  for  their  new  battery  of 
coke  ovens,  and  within  the-  last  few  months  the  firm  of  Ivrupps 
have  installed  a  boiler  in  connection  with  one  of  their  coking 
plants  in  the  Ruhr  district  of  Westphalia,  from  the  plans  of 
the  Skinningrove  plant.  This  boiler  has  been  running 
successfully  since  October  last,  and  about  three  weeks  ago 
underwent  its  official  steam  trials,  the  results  of  which  are 
understood  to  confirm  those  obtained  at  Skinningrove. 


AERIAL  ROPEWAYS. 

At  a  meeting  of  tlie  Birmingham  Association  of  Mechanical 
Engineers,  held  on  Saturday  last,  a  paper  was  read  by 
Prof.  G.  Kapp  on  the  fundamental  principles  of  electric 
t-elpherage.  He  said  tlie  idea  of  conveying  goods  over 
an  aerial  ropeway  had  been  carried  into  practical  applica- 
tion by  the  Chinese  long  before  the  beginning  of  our  civilisa- 
tion. The  first  record  of  such  an  application  in  Europe 
dated  back  to  1411，  and  was  contained  in  a  manuscript  in  the 
Vienna  Library.  The  Dutch  engineer  Wybe  was，  however, 
generally  credited  with  the  invention  of  aerial  ropeways,  since 
ho  built  several  about  the  year  1644  in  the  neighbourhood  of 
Dantzig  for  the  conveyance  of  clay  over  water-courses.  Since 
in  those  early  days  no  other  but  hempen  ropes  were  available, 
the  span  and  carrying  capacity  of  these  ropeways  was  neces- 
sarily limited,  and  it  was  only  after  the  invention  of  the  wire 
rope  that  this  method  of  transport  could  attain  some  impor- 
tance. This  brings  them  to  the  year  1834，  when  wire  rope 
telpherage  was  first  used  in  connection  with  the  metal  mines 
in  the  Harz  Mountains.  The  general  principle  had  remained 
the  same  ；  namely  a  fixed  rope  on  which  the  load  was  sus- 
pended from  rollers,  and  a  tow-rope  in  motion  for  pulling  it 
along.  The  suppression  of  the  tow-rope  and  the  substitution 
for  it  of  an  electric  motor  was  the  invention  of  the  late  Prof. 
Fleeming-Jenkin,  who  also  coined  the  word  (*  telpherage, 
meaning  the  carrying  of  something  over  a  long  distance.  In 
the  working  out  of  his  invention  Prof.  Fleeming-Jenkin 
became  associated  with  Profs.  Ayrton  and  Perry,  and  the 
result  of  this  co-operation  was  the  erection  of  the  electric 
telpher  line  at  Glyn  on  the  estate  of  Lord  Hampden  for  the 
conveyance  of  clay  from  a  brickfield.  This  had  been  the 
first  electric  telpher  line  anywhere  in  the  world,  and  it  had 
been  perfectly  successful,  both  technically  and  commerciallv. 
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OPTICAL  INDICATOR  FOR  STEAM  AND  GAS  ENGINES. 

'I'm':  apparatus  shown  in  the  accoin |miiyin^  cuts  lias  hccn 
designed  and  patented  by  Prof.  W.  E.  Dalby,  1  lie  City 
and  Guilds  EiigimMM'mg  (1(jlle^c,  L (川 （l( 川， S.W.,  and  William 
Walson,  Assistant.  Profensor  of  IMi vsi<'s,  t  lie  I  injx'rial 
( 'ol  le^e  o f  Science  and  T^chnolo^v ,  Sout  It  Ivciisiii^ton,  Lon- 
don, S.W.，  foi"  r€(u)rdin^  fluid  prt'ssuiv  variations,  and  is 
particularly  adapt eil  to  obtaining  iudical or  diagrams  from 
hi^li-speed  engines,  such  ； is  internal coml)Ust  ion  engines.  Tht* 
inclicnt or-  is  of  1  Ihj  type  romprisiiig  a  pair  of  minors,  one  ，）f 
which  is  rotated  al)out  its  axis  by  t lie  rriovi-nienl  of  a 
(liaplii-a^rri  undei-  1  he  iict  ion  uf  t  lie  Huid  pi'essure,  wliil"  t  lie 
("'her  is  rotated  about  an  axis  at  light  angles  to  the  former 
axis-  b v  a  reciprocating  pad'  of  tl"'  t-ngine,  records  of  the 
various  fluid  pressures  being  made  upon  a  pliotographit'.  plate, 
nv  means  of  a  ray  after  reflection  from  both  mirrors.  In  the 
arrangement  under  notice  tin*  necessary  adjuslinent  of  the  line 
correspoiidin^  tu  atniaspli^ric  pressure  when  the  diaphragm  is 
clianged  is  effecte*!  l)v  alt^ ring  the  position  of  t  he  mirror,  the 
position  of  the  diaphragm  being  unaltered.  There  is  also 
provided  an  adjustable  stop  at  the  back  of  i\w  diaphragm,  and 
means  whereby  accumulation  of  liquid  in 
contact  with  the  diaphragm  is  prevented. 
Any  existing  source  of  light  can  be  made 
use  of  for  obtaining  a  photographic  record 
of  the  diagram. 

Referring  to  the  illustrations,  Fig.  1 
is  a  sectional  elevation  of  the  apparatus, 
Fig.  2  is  an  end  elevation,  Fig.  3  is  a  sec- 
tional plan  :  while  Figs.  4,  5，  6，  7，  and  8 
are  detail  views,  showing  devices  for  ob- 
taining a  suitable  source  of  light  for  the 
production  of  the  diagram.  The  whole 
of  the  indicating  apparatus  is  mounted  on 
a  rigid  baseplate  A  adapted  to  be  securely 
fixed  to  the  engine.  The  diaphragm  B 
is  placed  in  communication  with  the 
engine  cylinder  through  the  pipe  C,  and 
a  stop  D,  adjustable  by  screwing  rela， ' 
tively  to  the  framework  A，  is  provided  at 
the  back  of  the  diaphragm,  the  stop  being 
adapted  to  bear  against  the  diaphragm 
along  the  circumference  of  a  circle,  and 
to  be  fixed  in  any  given  position  by  means 
of  a  set-screw.  A  water-cooling  chamber 
F  is  provided  in  the  neighbourhood  of  the 
diaphragm.  The  diaphragm  is  con- 
nected to  the  pivoted  mirror  G  by  means 
of  a  rod  H，  and  in  order  to  alter  the 
adjustment  of  the  line  corresponding  to  a 
given  pressure,  such  as  atmospheric  pies 
sure,  the  mirror  is  moved  relatively  to 
the  diaphragm  by  rotating  the 
piece    K    by    means    of    a    tommy  har 

inserted  into  one  of  the.  apertures  L.  This  piece  K  carries 
the  mirror  (J,  and  its  movement  in  the  longitudinal  direction 
relative  to  the  rod  H，  which  is  held  steady  by  the  diaphragm, 
causes  the  mirror  lo  tilt-  to-  give  the  neoesyarv  adjust inent.  A 
drain  hole  M  is  provide 讧 in  the  space  in  front  o!'  tlie 
iliaphragin,  this  hole  being  nonnally  closed  by  means,  of  a 
screw  which  can  be  reinoved  in  order  to  remove  oil  or  other 
liquid  from  the  front  of  the  diapliragm .  The  canieia  < )  is 
iiiuunled  (m  t  lie  apparatus  so  1  hat  it  can  be  readily  reinoved 
by  loosening  th<'  catrh  screws  P.  A  pivoted  mirror  Q  is 
provided,  actuated  in  any  suitable  manner  from  the  piston  of 
the  engine,  ami  in  any  desire"  phase  relationsliip  with  the 
movement  of  the  piston.  The  source  of  light  may  be  any 
suitable  existing  source,  aiul  an  image,  i'or  instance,  of  an 
electric  arc  may  be  obtained  on  one  of  the  a^rtures  N  of  t  lui 
diaphragm  platf  S，  by  means  of  a  prism  T  and  lens  U, 
mounted  so  as  to  he  capable  of  rotation  on  the  spindle  V. 
The  apertu re  R  may  )>e  varied  as  desired  l>v  means  of  a 
pivoted  plate,  (  ari  ving  apertures,  any  one  of  whicli  mav  Ik1 
placed  in  Hie  operative  position.  A  fixed  concave  mirror  Z 
may  be  provided  in  the  neighbourhood  of  \he  mirror  G，  in 
order  to'  give  a  datum  line  at  any  determined  distance  from 
the  atinospherit*  Hue.    The  diaphragm  plate  S  is  carried  by 


a  tubular  plate,  and  carries  the  holder  for  the  lens  and 
mirror  T  U. 

The  operation  of  the  apparatus  is  as  follows  ：  Tin*  lens 
and  mirror  T  U  are  adjusted  so  as  to  give  an  image  of  the 
source  of  light  on  one  of  the  apertures  R.  Tliis  image  is 
focussed  by  means  of  the  concave  mirror  G,  and  Hie  plai"， 
mirror  Q,  on  to  tlu*  ground  glass  of  the  camera,  whicli  can  I"' 
replaced  in  the  usual  manner  by  a  sensitive  plat**.  'Hi,'.  mirr',r 
Q  is  given  a  movement  corresponding  with  the  movement  of 
tlie  piston  of  the  engine  \ty  any  s\i\Ui\Ac  mm-;iiis.  t  lie  (h  iving 
rnechanisfn  of  the  mirror  inchulin^  an  epicyclic 小'、 i,',',  、、  li(，r(' 
hy  the  phase  ca"  be  altered  to  give  any  desired  d"fw'M<  <'  ui 
1 山 ase  between  the  inuvcnient  tlie  mirror  and  the  movfincnt 
of  the  piston  of  the  engine.  A  diaphragm  suitable  to  ili，* 
pi-essures  to  be  recorded  is  fitted  into  the  apparatus  and  the 
position  of  the  mirror  G  adjusted  by  rotating  the  piece  K,  by 
means  of  a  tommy  bar  inserted  in  one  of  tlie  apertures  L. 
The  pressure  in  the  cylinder  acts  on  the  front  of  the 
diaphragm  B  causing  this  to  tilt  the  mirror  G  in  sucli  a 
manner  as  to  cause  a  spot  of  light  to  move  on  the  ground 
glass  or  sensitive  plate  in  the  direction  at  right  angles  to  the 
paper,  Fig.  1 .  The  motion  of  the  mirror  Q  imparted  from  the 
engine  piston  or  other  reciprocating  part  of  the  engine  causes 
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the  spot  of  light  to  move  over  tlie  ground  glass  or 
sensitive  plate  in  the  direction  parallel  to  tlie  paper.  It  will 
thus  be  seen  that  the  pressure  diagram  is  produced  on  the 
ground  glass  cr  on  the  plate,  corresponding  with  the  pressures 
in  the  cylinder  at  different  points  of  the  stroke  of  the  piston 
of  the  engine.  In  order  to  keep  the  diaphragm  cool,  water 
may  be.  supplied  continuouslv  through  the  chainher  F，  and  if 
any  condensation  takes  place  in  the  front  of  i  he  diaphragm, 
the  condensed  liquid  can  reinovetl  I  hrongli  t  lie  aperture  M 
by  removing  the  screw.  It  will  be  seen  that  in  order  tu 
remove  the  mirror  it  is  only  necessary  to  remove  the  camera  O 
and  withdraw  tlie  piece  K  outwards  after  the  screw  W  has 
been  slackened.  Tlie  part  K，  beiug  withdrawn  to  the  left 
(see  Figs.  1  and  3)，  carries  with  it  tlie  mirror  and  the  rod  H, 
leaving  tlie  diaphragm  in  position  so  that  tliere  is  no  neeil  to 
>top  the  enorine  to  remove  the  mirror. 

Institution  of  Electrical  Engineers  ：  Manchester  Local  Section.— 

The  next  meeting  will  he  held  at  Liverpool  University 
on  Tuesday,  Maivli  24tli,  wlien  》[r.  F.  J.  Teago  will  read 
a  paper  entitled  "  Experiments  on  Air  Blast  Cooling  of 
Transformers."  The  equipment  and  apparatus  for  air 
measurement  used  iu  the  experiments  described  in  the  paper 
will  be  in  operation. 
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CENTRALISED  ELECTRICAL  CONTROL  SYSTEM  FOR  PANAMA 
CANAL  LOCKS. 

The  electrical  specification,  design,  and  manufacture  of  the 
Panama  Canal  centralised  control  system  may  properly  be 
regarded  as  one  of  those    undertakings    which,    from  an 


Fig. 


-Control  Hodse,  Centre  Wall  of  Upper  Locks  a.t  Gatun, 
showing  Towing  Tracks. 


engineering  standpoint,  not  only  arouses  a  lively  interest, 
but  also  presents  an  opportunity  for  much  valuable  instruc- 
tion. The  interest  results  mainly  from  the  immensity  of  the 
canal  project  itself,  and  the  instruction 
from  a  consideration  of  the  methods 
employed  to  ensure  the  passage  of  even 
the  largest  ships  afloat  across  the 
Isthmus  with  speed  and  safety.  The 
complete  operation  of  the  canal  locks^ 
terminals,  and  auxiliary  equipment 
utilises  electrical  energy  throughout, 
with  the  present  exception  of  the 
Panama  Railroad,  the  electrification  of 
which  is  under  contemplation.  The 
specifications  for  the  entire  generating, 
lock-controlling,  and  distribution  sys- 
tem for  operating  the  Panama  Canal 
were  prepared  under  the  supervision 
of  Mr.  Edward  Schildhauer,  electrical 
and  mechanical  engineer,  Isthmian 
Canal  Commission. 

Generat io n  and  Dis t r i h  u t i on .  —  The 
power  system  for  the  operation  of  the 
locks,  towing  locomotives,  lights  for 
the  locks  and  buildings,  and 
motors  not  directly  connected  with  the 
lock  control  comprises  a  7,500  kva., 
2,200  volt  hydro-electric  power  plant 
at  the  Gatun  Dam  ；  a  4,500  kva., 
2,200  volt  Curtis  turbo-generator 
electric  power  plant  at  Miraflores 
for  emergency,  lately  used  to  supply 
power  for  construction  work  ；  a  double 
44,000-volt  transmission  line  across  the 
Isthmus,  connecting  Cristobal  and 
Balboa   with   the   two   power  plants, 

four  44,000-2,200  volt  sub-stations,  stepping  down  at 
Cristobal  and  Balboa,  and  up  or  clown  at  Gatun  and  Mira- 
flores, depending  on  which  of  the  two  plants   is  supplying 


power  ；  36  2,200-240  volt  transmission  stations  for  power, 
traction,  and  light,  at  Gatun,  Pedro  Miguel,  and  Miraflores 
locks  ；  three  2,200-220-110  volt  transformer  stations  for  the 
control  boards  at  the  locks  ；  stations  at  Cristobal  and  Balboa 
for  coal-handling  plants,  machine  shops,  and  dry  docks. 

The  system  of  connection  throughout  employs  a  double- 
bus,  double-switch  scheme,  with  provision  for  disconnecting 
any  oil  switch  for  cleaning  or  repairs  without  interrupting 
tlie  circuit.  In  the  power-house  and  the  four  44,000-2,200 
volt  sub-stations,  the  oil  switches  are  solenoid  operated,  and 
in  the  36  transformer  stations  hand  operated.  All  2,200-volt 
oil  switches  have  disconnecting  switches,  so  arranged  that 
live  parts  are  completely  covered. 

For  the  hand-operated  switches  a  pipe  framework  sup- 
ports vertical  metal  guides  which  carry  the  oil  switch 
operating  mechanism  and  slate  base  forming  a  section  of  the 
switchboard  panel.  On  the  guides  a  lever  and  toggle 
mechanism  is  mounted,  by  which  the  oil  switch  and  slate 
base  may  be  raised  and  lowered.  Above  the  oil  switch,  and 
mounted  on  the  pipe  framework,  a  stationary  cast-iron  base 
carries  the  disconnecting  switch  studs  and  insulators.  The 
higli  tension  leads  run  to  the  tops  of  the  disconnecting  switch 
studs,  and  the  bottom  of  each  stud  is  equipped  with  con- 
tact fingers.  On  the  top  of  each  oil  switch  stud  is  mounted 
a  contact  blade.  When  the  oil  switch  is  raised,  these  blades 
engage  the  contacts  on  the  bottom  of  the  disconnecting  switch 
studs,  which  thus  in  the  closed  position  form  extensions  of 
the  oil  switch  studs.  When  the  oil  switch  is  lowered  it  is 
completely  isolated  from  the  circuit.  When  the  oil  switch 
is  raised  it  always  goes  to  a  fixed  height,  where  it  is  latched. 
An  interlock  prevents  the  oil  switch  from  being  raised  or 
lowered  unless  its  contacts  are  open,  precluding  the  circuit 
being  closed  or  opened  by  the  disconnecting  switch.  In 
some  instances  another  interlock  makes  two  single-throw 
switches  a  double-throw  switch,  and  prevents  both  switches 
being  closed  at  the  same  time. 

For  solenoid-operated  switches,  the  same  form  of  discon- 
necting switch  is  used  ；  but  the  solenoid  is  stationary  and 
the  connecting  mechanism  to  the  oil  switch  has  a  vertical 
slotted  link  which  allows  the  oil  switch  to  be  raised  and 
lowered    without    being    disconnected    from    the  solenoid 


Fig.  2.— Mitre  Gate  Moving  Machine,  Gatun  Upper  Locks. 


mechanism.  A  mechanical  interlock  prevents  the  raising  or 
lowering  of  an  oil  switch  while  in  the  closed  position. 

The  instrument  and  control  board  for  the  Gatun  generat- 
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ing  station  is  totally  enclosed.  The  switchboards  for  tlu* 
transmission  line  sub-stations  are  of  the  vertical  type,  with 
control  apparatus  and  mimic  connections  symmetrically 
arranged  on  the  middle  section  of  the  panels. 

Power  Swppl [/  (Utd  Control  Panels  for  Lock  Mnrlihunj 
Motors. ― Current  for  the  lock  macliinery  and  towing  loco- 
motives is  transformed  frorM  the  2,200-volt  system  in  tlie 
immediate  vicinity  of  where  it  is  used.    There  are  a  total  of 


Fi  g.  C /'ii.  Tp/>smittkr  Machine  with  Cover  Removed. 

36  transformer  stations,  for  all  locks,  each  containing  dupli- 
cate 200  kva.  three-phase  2^00-240  volt  transformers  for 
power,  and  one  single-phase  25  kva.  2,200-220-110  volt 
transformer  for  lighting.  The  stations,  normally  fed  from 
the  2,200-volt  buses  in  the  44,000-2,200  volt  sub-stations,  can 
also  be  operated  from  the  power  plants  ；  the  stations  at  Gatun 
locks  from  the  Gatun  hydro-electric  station  ；  and  the  stations 
at  Miraflores  and  Pedro  Miguel  from  the  Miraflores  emer- 
gency steam  plant.  To  give  an  idea  of  the  number  and  sizes 
of  motors  to  be  controlled  in  operating  the  lock  machinery  the 
following  table  is  interesting  : — • 


Motors 

Number  of  motors. 

Total 

Machines  and  operation. 

each 

horse- 

machine 

power. 

and  hp. 

Gatun. 

Ped.M. 

Mira. 

Tot. 

Mitre  gate,  moving,  each 

1-25 

40 

24 

28 

92 

2,300 

Mitre  gate,  mitre  forcing 

1-7 

20 

12 

14 

46 

322 

Fender  chain,  main  pump 

1-70 

16 

16 

16 

48 

3,360 

Fender  chain,  operating 

valve   

1  1-2 

16 

16 

16 

48 

24 

Rising  stem  gate  valve 

1-40 

56 

24 

36 

11(3 

4,040 

Cylindrical  valve  .... 

1-7 

GO 

20 

40 

120 

840 

1-25 

(5 

6 

6 

18 

450 

Auxiliary  culvert  valve 

1-7 

4 

4 

4 

12 

84 

Totals  

218 

122 

160 

"500 

12,020 

There  are  many  motors  not  included  in  the  above  table, 
as,  for  instance,  those  for  the  spillway  gates,  for  the  hand 
rails  on  the  mitreing  gates  and  for  the  sump  pumps.  The  spill- 
way gates  are  remote  controlled  from  a  special  control  board, 
and  the  control  of  the  hand-rail  motors  is  given  in  connec- 
tion with  the  discussion  of  mitreing  gates.  The  motors  are 
started  and  controlled  by  contactor  panels  located  near  them , 
the  contactors  of  which  handle  the  main  motor  currents. 
These  contactors  are  controlled  from  the  central  control  house. 
The  smaller  motors,  including  those  for  cylindrical  valves, 
auxiliary  culvert  valves,  and  mitre  forcing,  are  started  by 
being  thrown  directly  on  the  line.  Two  double-pole  con- 
tactors are  used,  one  for  forward  and  one  for  reverse.  In 
the  case  of  larger  motors  for  mitre  gate  moving,  rising  stem 
valves,  and  guard  valves,  a  starting  point  with  resistance  in 
two  legs  of  the  three-phase  circuit  is  provided. 

In  all  cases  the  contactors  are  operated  from  the  control 
boards  by  three  wires,  one  for  forward,  one  for  reverse,  and 
a  common  return.    In  the  case  of  panels  having  a  starting 


point,  the  period  during  which  the  motor  remains  on  tlie 
resistance  is  automatically  controlled  by  a  dash  pot,  so  that 
the  starting  operation  at  the  control  house  is  the  same,  simply 
energising  a  forward  or  reverse  wire  as  the  case  may  be.  The 
control  connections  are  arranged  in  such  manner  that  each 
individual  rnacliine  may  be  controlled  locally. 

/.oca tion  and  0 ration  of  Loch  Mnrlmn nj. ― From  an 
operating  standpoint  t lie  madiinery  was  placed  below  the 
coping  of  the  lock  walls,  thus  affording  a  clear  space  for 
manoeuvring  ships  and  protecting  the  apparatus  from  the 
weather  without  erecting  nu merous  houses.  The  mitreing 
gates  consist  of  two  massive  leaves  pivoted  on  the  lock  walls 
which  operate  independently  of  each  other.  A  pair  of  gates 
is  located  where  each  change  of  level  occurs  and  divides  the 
locks  into  1,000ft.  chambers.  In  addition  to  these  gates,  at 
lake  and  ocean  ends  are  duplicate  pairs  of  gates  used  as 
guard  gates.  To  handle  the  vessels  of  various  sizes  witli  the 
minimum  use  of  water,  mitreing  gates  of  the  same  descrip- 
tion as  those  above  are  installed,  dividing  1,000ft.  locks  into 
two  compartments.  These  gates  are  termed  intermediate 
mitreing  gates.  When  the  mitreing  gates  are  closed  they  are 
what  might  be  termed  clamped  in  this  position  by  a  clevirc 
called  a  mitre-forcing  macliine. 

On  the  top  of  all  mitreing  gates  a  foot  walk  with  hand 
rails  is  provided.  When  the  gates  are  opened  and  in  the 
recesses  provided  for  them  in  the  lock  walls,  these  hand  rails 
would  interfere  with  the  passing  of  the  towing  locomotives, 
except  in  the  case  of  the  lower  guard  gates.  The  hand  rails 
are  therefore  made  to  be  raised  and  lowered.  This  is  done 
by  a  motor  under  the  foot  walk,  controlled  from  the  lock  wall. 
Near  the  approach  to  each  foot  walk  a  controller  is  located 
in  the  lock  wall  flush  with  the  surface,  this  controller  being 
operated  by  a  foot  push. 

The  chain  fenders  are  stretclied  across  the  canal  in  front 
of  all  mitreing  gates,  which  can  be  exposed  to  the  upper  lock 
level  and  also  in  front  of  the  guard  gates  at  the  lower  end. 
These  chains  are  maintained  in  a  taut  position  when  the  gates 
behind  are  closed,  and  are  lowered  when  the  gates  are  opened 
for  the  passage  of  a  ship.  The  chains  are  raised  and  lowered 
by  a  method  similar  to  that  followed  in  hydraulic  elevators, 
with  the  additional  feature  that  if  a  ship  approaches  the  gates 
at  a  dangerous  speed,  and  rams  into  the  chain,  the  chain  is 
paid  out  in  such  a  way  as  to  gradually  stop  the  ship  before 
it  reaches  the  gates.  Lowering  the  chain  for  the  passage  of 
a  vessel  and  raising  it  again  after  the  vessel  has  passed  is 
accomplished  by  two  motors,  one  driving  the  main  pump 
supplying  water  under  pressure,  and  the  other  operating  a 
valve  which  controls  the  direction  of  movement  of  the  chain. 


Fig.  4.— Mitre  Gate  Index. 

These  two  operations  are  combined  iu  one,  each  motor  being 
stopped  automatically  by  a  limit  switch  when  the  motor  has 
performed  its  function. 

The  filling  and  emptying  of  the  locks  is  accomplished  hv 
three  culverts,  one  in  the  middle  wall  and  one  in  each  side 
wall,  the  flow  of  water  being  controlled  by  rising  stem  valves. 
They  are  located  in  the  culverts  at  points  opposite  each  end 
of  each  lock,  so  that  the  culvert  can  be  shut  oil  at  any  desired 
point  for  filling  a  lock  with  water  from  above,  or  up  stream. 
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or  for  emptying  it  by  allowing  it  to  flow  out  and  down  to  the 
next  lock.  Lateral  culverts  conduct  the  water  from  the  main 
culverts,  under  the  lock  chambers,  and  up  through  openings 
in  the  lock  floors.  The  rising  stem  valves  are  installed  in 
pairs,  and  each  pair  is  in  duplicate  ；  also  each  culvert  is 
divided  into  two  parallel  halves  at  these  valves  by  a  vertical 
wall.  This  arrangement  reduces  the  size  of  each  valve  and 
makes  it  more  easily  operated,  each  valve  being  8ft.  by  18ft. 


Fig.  5.— Chain  Fender  Transmitter  Machink,  Coyer  Removed. 

One  pair  of  duplicates  is  left  open  as  a  guard,  or  reserve  pair  ； 
the  other  pair  is  used  for  operating,  so  that  in  case  of  an 
obstruction  in  the  culvert  or  accident  to  the  machinery  the 
duplicate  pair  can  be  used. 

At  the  upper  ends  of  the  culverts  at  the  side  walls  the 
duplication  is  accomplished  by  three  valves  in  parallel,  called 
the  guard  valves.  They  perform  service  exactly  similar  to 
the  rising  stem  valves,  except  that  three  valves  in  parallel  in 
this  case  must  conform  to  the  same  laws  as  the  two  in  parallel 
in  the  other  case.  The  culvert  in  the  middle  wall  must 
serve  the  locks  on  both  sides,  and  to  control  this  feature  cylin- 
drical valves  are  placed  in  the  lateral  culverts  that  branch 
out  on  each  side.  There  are  ten  of  these  on  each  side  of  the 
culvert  at  each  lock.  At  the  upper  end  of  each  set  of  locks 
there  are  two  valves  in  the  side  wall  for  regulating  the 
height  of  water  between  the  upper  gate  and  upper  guard 
gate,  as  it  is  desired  to  maintain  the  level  of  the  water 
between  these  gates  at  an  elevation  intermediate  between  that 
of  the  lake  above  and  that  of  the  upper  lock  when  the  upper 
lock  is  not  at  the  same  level  as  the  lake.  These  valves  are 
called  the  auxiliary  culvert  valves. 

i  'mf/a/isfd  f1  on  fro/  mnJ  //〃//>•〃/〃/,/  Sy.<tem^ — As  the  flight 
of  locks  at  Gatun,  for  instance,  extends  over  approximately 
6,200ft.,  and  the  principal  operating  machines  are  distributed 
over  a  distance  of  about  4,000ft.,  central  mechanical  transmis- 
sion of  control  of  machines  would  be  almost  impossible  ；  and 
to  control  the  machines  locally  would  mean  a  large  operating 
force  distributed  practically  along  the  full  length  of  the  locks. 
Such  a  force  would  be  difficult  to  co-ordinate  into  an  effi- 
cient operating  system.  The  situation,  therefore,  resolved 
itself  into  centralised  electrical  control,  which  reduces  the 
number  of  operators,  operating  expense,  and  liability  to  acci- 
dent. To  accomplish  this  system  of  control,  a  control  board 
for  each  lock  was  constructed  which  permitted  having  all  <-on- 
t'rol  switches  located  thereon  mechanically  interlocked,  so  as 
to  minimise  the  errors  of  human  manipulations. 

The  control  boards  are  installed  in  control  houses  located 
驪 the  middle  walls  at  points  which  afford  the  best  view  of 
the  locks.  They  are  made  approximately  operating  minia- 
tures of  the  locks  themselves,  and  are  arranged  with  indi- 
cating devices  which  will  always  show  the  position  of  valves, 
lock  gates,  chains,  and  water  levels  in  the  various  lock  cham- 
bers; and,  with  the  exception  of  such  machinery  as  needs 
only  an  "  open  ，，  or  "  closed  ，，  indication,  the  indications  will 
be  synchronous  with  the  movement  of  the  lock  machinery. 

A  complete  synchronous  indicator  consists  of  a  transmitter 


located  at  and  operated  by  the  machine  in  the  lock  wall,  and 
a  receiver  operating  an  indicator  at  the  switchboard  in  the 
control  house.  Both  transmitter  and  receiver  have  a 
stationary  and  a  rotating  part.  The  stators  have  three-phase 
windings  with  leads  from  three  corresponding  equidistant 
points  brought  out  and  connected  together,  but  not  connected 
to  a  source  of  power,  the  stator  coils  being  energised  by  in- 
duction from  the  rotors.  The  rotors  are  bi-po】ar，  and  are 
connected  in  multiple  and  energised  from  a  110- volt,  25-cycle 
single-phase  source. 

The  movement  of  the  lock  machinery,  and  with  it  tlie 
connected  transmitter  rotor,  produces  a  field  in  the  trans- 
mitter stator  polarised  in  the  direction  of  the  rotor  axis, 
which  induces  voltage  in  the  stator  coils.  This  voltage  is 
transmitted  by  the  three-phase  connection  above  mentioned 
to  the  receiver  stator  coils  and  duplicates  in  them,  but  in  the 
reverse  direction,  the  same  conditions  of  polarity  and  voltage 
as  present  in  the  transmitter.  The  rotor  of  the  receiver 
being  energised  by  the  external  source  in  the  same  direction 
a?  that  of  the  transmitter,  is  reacted  upon  by  the  polarised 
receiver  stator  until  the  magnetic  axes  coincide  and  the  rotors 
of  both  transmitter  and  receiver  are  in  the  same  relative  posi- 
tion. Any  difference  in  the  position  of  the  transmitter  and 
receiver  rotors  causes  a  difference  of  potential  between  the 
stator  windings  with  a  consequent  flow  of  current  and 
resultant  torque,  which  again  moves  the  receiver  rotor  to  the 
same  relative  position  as  that  of  the  transmitter  rotor.  The 
receiver  rotor  follows  closely  and  smoothly  the  movement  of 
the  transmitter  rotor,  and  consequently  imparts  to  the  posi- 
tion indicator  a  movement  identical  with  the  movement  of  the 
lock  machine,  although  on  a  scale  reduced  to  the  require- 
ments of  the  control  board.  A  brief  description  of  the 
individual  synchronous  indicators  follows. 

In  the  case  of  the  mitreing  gates,  the  vertical  operating 
shaft  is  connected  to  a  shaft  which  operates  the  transmitter 
machine.  The  latter  shaft  is  threaded  and  carries  a  nut  on 
which  is  mounted  a  rack.  The  rack  engages  a  gear  on  the 
rotor  shaft,  and  this  turns  the  rotor  as  the  gates  operate. 
The  mitreing  gate  indicator  comprises  a  pair  of  aluminium 
leaves,  shaped  to  correspond  to  the  plan  view  of  the  top  of 
the  gate,  which  travel  horizontally  just  above  the  top  of 
the  board,  the  hinge  ends  being  connected  to  shafts  extend- 


Fig.  6.— Chain  Fender  Index. 

ing  clown  through  the  surface  of  the  board,  wliere  they  are 
geared  to  the  receivers  by  means  of  bevel  gears.  When  the 
miniature  gates  are  completely  opened  they  are  covered  bv 
shields,  to  give  the  effect  of  the  gates  folding  back  into 
recesses  in  the  lock  walls. 

For  the  chain  fender  the  position  indicator  transmitter  is 
driven  by  the  shaft  which  operates  the  limit  switch  that 
controls  the  stroke  of  the  piston.      The  indication  on  the 
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board  is  given  by  a  sniall  alutnitiiu m  cliain ,  wlii(，li，  like  the 
large  chain,  is  raised  and  lowered,  each  end  operating  iinl*'- 
pendently,  the  large  cliain  Ikmu^  iowfrod  to  the  ijoltom  of  the 
lock  and  tlie  small  chain  into  ； i  slot,  ()n  ihc  ('。iil'r()l  lm;u<l.  rPlio 
(Muls  of  Mm1  miniature  <"hain  aro  fasienod  semaphore  arms 
whirh  are  connected  io  so^riuMil al  ^ears  inesliing  with  1  Ik1 
driving  gears  on  the  receive!'  inacli i nes.  As  the  receiver 
rol oi-s  turn  the  chain  卜： cit  licr  I i  t  (  c<l  or  low  iTcd ,  t  he  position 


Pig;  7.— Stonky  Gate  Vat.vf.  Transmitter  Machine,  Cotf.r  RFMovnn. 

of  the  large  chain  from  the  bottom  of  the  lock  being  indicated 
by  the  angle  of  the  semaphore  arms. 

As  the  rising  stem  valves  occur  in  pairs,  their  position- 
indicator  machines  occur  in  pairs  also.  The  transmitter  rotor 
is  driven  by  a  shaft  and  gearing  similar  to  that  described 
for  the  mitreiug  gates.  Each  indicator  is  similar  to  a  small 
elevator,  a  car  being  used  to  indicate  the  position  of  the  valve 
gate.  Both  front  and  back  of  the  shaft  is  fitted  with  opal 
glass  marked  with  black  lines  for  the  quarter,  half,  and 
three-quarter  positions.  A  small  aluminium  cage  moves  up 
and  clown  in  each  compartment.  A  drum  for  operating  the 
cord  which  raises  and  lowers  the  cage  is  located  underneath 
tlie  control  board,  and  is  operated  by  the  receiver  through  a 
suitable  train  of  gears.  To  make  the  indications  visible  from 
points  up  and  tlown  tlie  control  board,  the  elevator  shaft 
iiiider  each  car  is  always  ilhuninateJ  and  the  portion  above 
is  dark. 

Water  Level  Indicators, — Tlie  specifications  covering  the 
water  level  indication  required  an  accuracy  of  one-twentietli 
of  a  foot  or  one-tenth  of  1  per  cent,  in  actual  water  level. 
The  required  accuracy  was  obtained  by  two  sets  of  trans 
uiitters  and  receivers,  one  set  connected  to  a  fine  index  in 
which  the  rotors  make  ten  complete  revolutions,  aiul  tlie  other 
set  connected  to  a  coai-se  index  operating  less  than  180  '.  Tlie 
fine  index  is  a  hollow  cvliinler  carrying  a  pointer,  the  length 
of  the  cylinder  being  such  that  when  an  aluiniiiiuni  ball 
representing  tlie  coarse  index,  which  can  be  depended  upon 
for  coarse  indication,  is  witliin  the  limits  of  the  cylinder,  the 
reading  of  tlie  fine  index  is  correct  within  the  limits  specified. 
The  scales  are  illuminated  by  lamps. 

For  water-level  indication,  wells  S(juare  in  the  lock 

walls,  with  communication  to  tlie  look  by  a  sniall  opening  at 
the  bottom  of  the  well  to  (.lainpeu  sui'ges,  contain  a  welded 
steel  box  float-,  oOin.  square  hy  9in.  deep.  A  non-slipping 
phosphor-bronze  belt  transmits  tlie  movement  of  the  float  to 
a  sheave  fitted  with  pins  on  the  transmitter  mechanism,  the 
pins  registering  witli  holes  punclied  in  the  belt.  The  sheave 
shaft  is  carried  in  ball  bearings  with  oil  cups  for  lubrication 
and  drainage  cocks  at  the  bottom  of  the  bearings.  The  posi- 
tion of  the  mitre    forcing    machine    is    not    indicated  hv 


synchronouH  indicators,  but  itn  open  and  closed  positions  are 
shown  by  red  and  green  lights  and  a  merli;m"  ;il  iiuJirator  on 
the  control  board  representing  the  macli i nc 

Control  Jiorrrds. ― The  control  boards  are  of  the  flat  top 
benchboard  type,  32in.  high  by  54 in.  wide,  built  in  sections, 
with  total  lengtlis  as  follows  ：  Gatuii,  G4ft.  ；  Vadvo  Miguel, 
36ft.  ；  Miraflores,  52ft.  Tlie  side  and  centre  walls  of  the 
locks  are  represented  by  cast-iron  plates  and  tlie  water  in 
t lie  looks  by  blue  Vermont  mai*ljlo  slahs.  The  control  board 
is  supported  by  a  wrought-iron  framework  resting  on  base 
castings,  which  are  in  turn  suppoi  I  im!  on  the  operating  Hoor  of 
tlie  control  house.  The  control  switcli  liandles  are  mounted 
above  the  surface  of  the  board  and  operate  through  an  an^Ie 
of  90°.  Tliey  are  provided  with  name  plates  for  the  ''  open," 
"closed,"  and  "off"  positions.  The  sp;"'**  imnierliatelv 
below  the  flat  top  of  the  control  board  is  occupied  by  the  con- 
tact finders  ot*  the  control  switches,  mounted  on  the  operating 
sliaft,  synchronous  receivers,  and  their  cable  connectioiiH. 
Connection  boards  are  provided  for  the  cables,  whirh  are 
led  up  from  each  side,  as  are  buses  for  supplying  current  I u 
the  control  switrlies,  receivers,  and  tlie  lamps  that  illuminate 
the  scales  of  indicators.  The  receivers,  transmitters,  and 
lamps  are  operated  at  110  volts,  while  the  control  circuits  are 
220  volts,  both  using  25-cycle  alternating  current. 

M eeha nival  I // frrforli/u/  St/^fr ///. — In  order  to  make  it 
necessary  for  the  operator  to  manoeuvre  the  control  switch 
handles  always  in  a  certain  order,  corresponding  to  a  pre- 
determined sequence  of  operation  of  the  lock  machinery,  and 
to  prevent  the  operator  in  control  of  one  channel  from  inter- 
fering with  the  machinery  under  the  jurisdiction  of  the 
operator  controlling  the  other  channel,  these  control  switches 
are  provided  with  interlocks.  The  interlocks  are  in  two  ver- 
tical racks  under  each  edge  of  the  board  and  some  distanre 
below,  so  that  they  may  be  inspected  and  oiled. 

Vertical  shafts  operated  by  connecting  rods  from  the  con- 
trol switch  shafts  extend  downward  past  the  electrical  parts 
for  the  operation  of  the  interlocks.    The  interlock  system 


Fro.  s.—SroNnv  Gatf.  V-vi.t r.  I.vdf.x . 


is  essentially  a  hell-orank  nieclianism,  t  onnectin^  the  shaft  of 
the  control  switch  through  a  movable  horizontal  bar  to  a 
vertical  operating  shaft,  which  can  or  can  not  move,  according 
to  the  relative  positions  of  the  interlockng  bars  and  dogs. 
The  interlocking  rack  is  a  steel  frame  carrying  Hve  liorizontal 
members.  Upon  these,  and  tying  them  together,  are  vertical 
steel  straps  whirh  carry  hi'ass  rumvnv  posts  for  tlie  vertical 
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and  horizontal  interlock  bars.  These  posts  are  riveted  to 
the  vertical  steel  straps.  Forked  cranks  mounted  on  the 
vertical  operating  shafts  move  the  horizontal  interlock  bars 
by  means  of  pivot  blocks  set  over  pin  blocks  riveted  to  the 
horizontal  bar.  The  interlock  bars  and  dogs  are  shaped  so 
as  to  keep  the  dogs  in  line  with  the  axis  of  the  bars  when 
under  pressure  by  being  engaged  with  another  dog  on  a 
vertical  bar.  Every  control  switch  uses  a  horizontal  bar  of 
from  3ft.  to  50ft.  long.  The  interlock  system  depends  mainly 
on  the  action  of  engaging  bevel  dogs  located  on  horizontal 
and  vertical  bars,  the  movement  of  a  horizontal  bar  tending 
to  lift  a  vertical  bar  by  bevels  on  the  dogs.  A  horizontal 
bar  cannot  be  moved  without  raising  a  vertical  bar.  Thus 
if  at  any  time  a  dog  on  a  horizontal  bar  rests  against  the 
upper  end  of  a  dog  on  a  vertical  bar,  no  movement  of  the 
horizontal  bar  where  the  dog  engages  with  the  vertical  bar 
can  take  place  and  the  control  handle  connected  to  that 
particular  horizontal  bar  is  locked. 

Interlocks  prevent  the  chain  fender  from  being  lowered 
until  adjacent  mitreing  gates  have  been  opened,  and  also  pre- 
vent the  gates  being  opened  until  the  chain  is  in  the  raised 
position.  In  this  way  it  is  assured  that  the  chain  fender  will 
always  be  in  the  up  position  to  protect  the  gate  when  the  gate 


the  choice  of  the  operator,  an  interlock  becoming  effective 
when  the  first  valve  of  the  second  pair  of  duplicates  is  opened. 
This  is  done  by  a  novel  arrangement  of  equalising  levers 
acting  against  the  ends  of  the  interlock  bars,  with  certain 
definite  amount  of  lost  motion  which  is  taken  up  on  opening 
the  first  pair  of  valves,  thus  putting  the  interlocks  in  opera- 
tion on  the  next  pair.  To  illustrate  this  operation  consider, 
for  example^  a  side  wall  culvert  at  Gatun  with  its  principal 
rising  stem  valves  at  each  change  of  level  from  one  lock  to 
the  next.  The  control  of  these  valves  is  interlocked  so  that 
if  the  valves  are  opened  at  one  particular  point  the  valves 
a  lock  length  upstream  or  downstream  cannot  be  opened. 
Thus  the  operator  is  limited  to  equalising  the  water  between 
locks,  and  cannot  allow  water  to  flow  from  the  upper  lock 
past  the  middle  lock  into  the  lower  lock,  which  operation,  if 
permitted,  might  flood  the  lower  lock  walls  and  the  machinery 
chambers  in  them.  The  cylindrical  valves  are  interlocked  so 
that  if  those  on  one  side  are  opened  the  ones  on  the  other 
side  are  locked  closed,  and  the  opening  of  one  switch  on  a 
side  will  lock  the  opposite  ten.    This  prevents  careless  cross- 
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-FiiOATWELii  Transmitter  Machine  with  Float, 
Weight,  and  Belt. 


Fig.  10.— Floatwell  Transmitter  Machine,  Cover 
Removed. 


Fig.  IT.— Fifty-foot  Float- 
well  Index. 


is  closed.  To  avoid  unnecessary  complication,  each  end  of 
the  chain  is  interlocked  with  the  leaf  on  its  side  of  the  lock 
only,  because  as  a  rule  both  leaves  of  a  gate,  as  well  as  both 
ends  of  a  fender  chain,  will  be  opened  simultaneously,  and 
further  interlocking  is  unnecessary.  After  the  mitreing  gates 
are  closed,  a  mitre-forcing  machine  is  operated  by  a  control 
handle  and  locks  the  ends  of  the  gates  closed.  This  machine 
cannot  be  operated  until  the  gates  are  closed. 

Also  tlie  rising  stem  valves  of  the  side  wall,  next  above 
or  below  a  mitre  gate,  must  be  closed  while  the  mitre-forcing 
machine  is  open.  As  the  mitre-forcing  machine  cannot  be 
closed  until  the  gates  are  closed,  this  means  that  the  valves 
either  above  or  below  the  gate  must  remain  closed  until  the 
gate  itself  is  closed,  thus  preventing  the  operator  from  creat- 
ing a  current  of  water  around  the  gates  while  they  are  open 
or  being  moved  in  opening  or  closing.  This  interlock  is  not 
included  on  the  middle  wall  valves  for  the  reason  that  they 
will  be  used  with  the  locks  on  either  side  and  must  be  free 
for  that  purpose. 

Either  pair  of  rising  stem  valves  may  be  opened  first,  at 


filling  between  locks,  which  operation  might  be  combined 
with  the  regular  method  and  produce  flooding.  However, 
there  may  be  times  when  it  is  desirable  to  employ  cross-filling 
to  economise  in  the  use  of  water  from  Lake  Gatun  in  the  dry 
season.  For  this  reason  this  interlock  is  made  removable  by 
the  use  of  a  Yale  lock  and  key.  In  the  use  of  the  middle 
wall  culvert,  the  cylindrical  valves  on  one  side  or  the  other 
must  be  opened  before  the  rising  stem  valves  can  be 
opened,  and  the  rising  stem  valves  must  be  closed  first.  This 
interlock  is  applied  in  order  to  require  the  operator  to  control 
the  flow  of  water  by  means  of  the  rising  stem  valves  rather 
than  by  the  cylindrical  valves. 

In  most  cases  the  locks  are  divided  into  two  unequal  parts 
by  the  intermediate  mitreing  gates.  This  arrangement  makes 
it  necessary  to  divide  the  ten  cylindrical  valves  into  two 
groups  of  seven  and  three,  respectively,  for  the  long  and 
short  lengths.  A  selecting  lever  is  provided  for  these  inter- 
locks, and  may  be  set  as  indicated  by  a  name  plate  on  the 
lever  to  u  three/ J  "seven,"  or  "ten"  respectively,  where- 
upon the  corresponding  valves  are  subject  to  that,  interlock 
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and  t\w  others  of  the  group  of  ten  are  locked  closed  if  three 
or  seven  only  are  to  be  used.  The  failure  of  the  operator  to 
make  his  selection  properly  in  advance  will  simply  cause 
him  Uie  trouble  of  going  back  and  doing  so,  as  the  n'maimng 
valves  are  locked  closed.  This  arrangement  permits  liandling 
small  vessels  without  causing  waste  of  water  due  to  operating 
such  vessels  in  the  large  chambers.  If  a  short  vessel  were 
being  passed  downstream  it  would  fir"  pass  into  the  chamber 
having  three  cylindrical  valves.  The  group  selective  lever 
would  then  be  placed  on  the  "  three  ，，  position,  which  would 
permit  the  opening  of  three  valves  above  the  intermediate 
gate,  but  would  lock  closed  the  other  seven  valves  above  it. 
After  the  vessel  has  been  passed  below  the  gate  the  handle 
may  be  reversed  releasing  the  lever  and  locking  three  switches. 

There  are  intermediate  rising  stem  valves  in  the  side  walls 
at  each  intermediate  gate,  but  no  interlocks  are  applied  to 
these,  for  the  reason  that  they  will  be  used  in  a  more  or  less 
irregular  manner.  Moreover,  they  control  the  water  only 
between  different  sections  of  the  same  lock,  and  there  is  not 
the  danger  from  mistakes  in  operation  which  exists  in  the 
case  of  the  other  valves  which  control  water  between  lock 
levels.  The  same  is  true  of  the  small  auxiliary  culvert  valves, 
by  means  of  which  the  space  between  the  upper  guard  gate 
and  upper  main  gate  is  filled  and  emptied. 

In  case  a  large  vessel  is  to  be  locked  through,  the  inter- 
locks on  the  intermediate  gates  can  be  made  ineffective  by 
the  operation  of  a  Yale  lock,  which  uncouples  a  clutch  and 
disconnects  the  central  switch  from  the  operating  mechanism. 
Turning  the  key  removes  the  interlock  and  permits  the  inter- 
mediate gates  to  be  thrown  open  to  obtain  a  1,000ft.  level 
and  the  valves  operated  independently  of  these  gates. 

To  obviate  the  possibility  of  flooding  the  locks  when 
valves  are  in  a  certain  position,  diagonal  interlocking  is  in- 
troduced between  the  rising  stem  valves  of  the  side  wall  and 
those  of  the  middle  wall  a  lock  length  away.  This  inter- 
locking between  valves  diagonally  across  a  lock  when  the 
cylindrical  valves  are  open  is  needed  to  prevent  the  flow  of 
water  from,  say,  the  upper  lock  by  way  of  a  side  wall  culvert 
to  the  middle  lock,  thence  by  way  of  the  middle  wall  culvert 
to  the  lower  lock,  thus  allowing  an  operator  through  careless- 
ness to  flood  the  lower  lock  walls.  If  the  cylindrical  valves 
of  a  certain  lock  are  closed,  the  interlock  is  not  needed  on 
the  rising  stem  valves  of  that  lock  ；  and  since  such  interlock 
would  interfere  with  the  proper  use  of  the  valves  of  its  twin 
lock  on  the  other  side  of  the  middle  wall,  this  interlock  is 
automatically  removed  when  all  ten  cylindrical  valves  are 
closed  on  the  particular  lock  in  question,  and  is  automatically 
applied  again  if  one  or  more  of  the  ten  cylindrical  valves  are 
opened.  Furthermore,  the  valves  of  the  side  wall  immediately 
at  the  gate  which  is  being  moved  will  be  open  to  equalise 
water  level,  and  diagonal  interlocking  will  prevent  the  open- 
ing of  the  middle  wall  valves  a  lock  length  above  or  below  the 
gate  being  moved.  Each  of  the  four  valves  of  such  a  group 
has  independent  control,  their 'control  switches  being  so  inter- 
locked that  either  pair 、！ nay  be  opened  and  left  open  as  guard 
valves,  the  interlocks  becoming  effective  when  the  operator 
tries  to  open  the  first  valve  of  the  second  pair.  In  addition 
to  these  pairs  of  valves  in  parallel,  each  pair  is  duplicated  at 
each  change  of  level  from  one  lock  to  the  next. 

All  of  the  lock  machinery  motors,  control  panels,  cen- 
tralised control  boards,  power  station  generating  apparatus, 
switchboards,  transmission  line  sub-station  equipments,  coal- 
ing stations,  and  practically  the  entire  electrical  equipment 
for  the  wharf  terminal  cranes  and  for  the  extensive  permanent 
repair  machine  shops  were  manufactured  by  the  General 
Electric  Company,  of  New  York,  U.S.A. 


SPEEDS  AND  FEEDS  FOR  COLD  SAWING  MACHINES. 

The  selection  of  speeds  and  feeds  for  cold  sawing  is  one  of  the 
many  phasss  of  machine-shop  practice  which  cannot  be  regu- 
lated by  fixed  rules.  The  design  and  construction  of  the 
machine  and  saw,  as  well  as  the  grade  of  material  to  be  cut, 
cause  wide  variations  in  both  speed  and  feed.  The  average 
output  or  number  of  pieces  cut  for  each  grinding  of  the  saw  is 
another  factor  to  be  considered.  Some  instructive  information 
on  the  subject  is  given  in  an  article  in  our  American  con- 
temporary " Machinery  ，  which  we  reproduce  as  follows. 

One   prominent   manufacturer  of    cold   saw  (uittin^-ofT 


machines  states  that  for  sawing  0  30  (rarhon,  oj^ii-lieartli 
machine  steel  bars  5in.  diam.,  a  feed  of  lin.  per  minute  and  a 
}>eripheral  speed  for  the  saw  of  approximately  4.5ft.  [>er  miii'i'*' 
would  be  used.  This  sj>eed  and  feed  is  regarded  as 
when  using  the  vanadium  steel  higli-carhon  1 山"" s  Aa  an 
exariiple  of  this  rate  of  cutting,  1  ,(j00  pi«'r«'s  \v*-rf  sa 、、卞 'I  off  in 
one  machine  with  an  average  out  put  oi  1 4 .*>  p""、s  l  or  oi»<* 
grinding  of  the  saw.  For  some  classes  of  work  a  feed  of  'Jin. 
per  minute  and  a  speed  of  about  45ft.  is  employed,  but  under 
average  shop  conditions  a  feed  of  Jin.  per  minute  is  considered 
conservative  when  cutting  0*30  carbon  open -hearth  steel  with 
a  saw  that  is  in  good  condition. 

When  selecting  speeds  and  feeds,  it  is  important  to  con- 
sider the  output  for  one  sharpening  of  the  saw.  In  one  sliop 
200  pieces  of  special  analysis  steel  and  800  pieces  of  open- 
hearth  steel  (varying  from  3^in.  to  4^in.  diam.)  were  cut  at 
one  grinding  of  the  saw.  While  it  may  be  feasible  to  cut 
various  grades  of  steel  at  the  rate  of  1,000  pieces  with  one 
grinding  of  a  high-speed  steel  saw,  the  experience  of  the  com- 
pany referred  to  is  that  on  high-carbon  tool  steel  and  special 
alloy  steel,  such  as  chrome-nickel,  &c.，  the  best  economy 
in  grinding  the  saw  will  be  obtained  by  using  a  feed  of  about 
|in.  per  minute  with  a  surface  speed  for  the  saw  of  approxi- 
mately 30ft.  per  minute.  When  using  the  speed  and  feed 
mentioned,  if  the  saw  averages  100  pieces  per  grinding  the 
output  is  considered  satisfactory.  It  has  been  found  that 
some  of  the  special  analysis  steels  cut  quite  freely,  as,  for 
example,  3i  per  cent,  nickel  steel  which  is  sawed  as  easily 
as  open-hearth  0'30  per  cent,  carbon  stee\.  On  the  other 
hand,  some  of  tlie  softer  grades  of  stock,  such  as  opeu- hearth 
machine  steel  having  about  0*15  per  cent  carbon,  do  not 
cut  as  freely  as  stock  with  a  iiigher  percentage  of  carbon. 
This  is  because  the  softer  steel  is  inclined  to  roll  up  into 
the  throats  of  the  saw  teeth,  and  if  too  much  heat  is  gene- 
rated in  the  cutting  the  chips  will  fuse  more  or  less  to  the 
teeth.  A  good  deal  of  this  soft  stock,  in  bars  8in.  diam.,  has 
been  cut  with  a  saw  speed  of  45fb.  per  minute  and  a  feed  of 
about  §  in.  per  minute.  This  rate  of  cutting  is  considered 
the  most  economical  for  the  saw  when  using  vanadium  high- 
carbon  blades.  Some  grades  of  clirome-nickel  stock  seem  to 
cut  quite  freely,  whereas  steel  of  another  make  is  cut  with 
difficulty  and,  in  some  instances,  the  use  of  a  high-speed  steel 
saw  is  necessary.  Moreover,  steel  of  one  make  may  cut  quite 
differently  from  that  of  another  make,  although  the  analysis 
in  both  cases  may  be  the  same;  consequently,  the  speed  and 
feed  that  will  prove  most  economical  must  finally  be  deter- 
mined by  actual  tests.  Of  course  it  will  be  understood  that 
the  size  and  power  of  the  machine  must  also  be  considered  - 
As  to  phosphor-bronze,  some  grades  can  be  cut  very  easily, 
whereas  some  of  the  bronzes  used  for  gears,  &c.，  are  very  hard 
to  cut  and  the  edge  of  the  saw  is  inclined  to  glaze  over  ； 
hence  it  is  difficult  to  give  even  a  general  idea  of  the  speeds 
and  feeds. 

Another  well-known  manufacturer  of  cutting-off  machines 
gives  the  following  data  on  the  time  for  cutting  various 
sizes  of  steel  stock  ：  Eighty-one  pieces  3|in.  diam.,  2  hours 
27  mins.  \  210  pieces  4in.  diam.,  7  hours  27  mins.  ；  54  pieces 
5in.  diam.,  2  hours  22  mins.  ；  57  pieces  6in.  diam.,  2  hours 
58  mins.  ；  684  pieces  varying  from  3§in.  to  6 in.  diam.,  26i 
hours.  In  the  last  example  the  smallest  number  of  pieces 
of  the  same  size  was  2  and  the  largest  210.  The  feed  was  2in. 
per  minute  and  cutting  speed  48ft.  The  time  for  cutting 
46  pieces  of  axle  steel  7]in.  diain .  was  3]  hours,  the  feed 
being  l|in.  per  minute.  When  cutting  flat  stock  1  Jin.  by 
9^in.  several  bars  were  stacked  and  cut  simultaneously,  a 
total  of  246  pieces  being  cut  off  in  1  liour  37  mins.  Tlie 
material  was  low-carbon  steel,  the  feed  3|in.  per  minute, 
and  the  cutting  speed  85ft .  per  minute. 

Still  another  concern  gives  time  data  for  various  grades 
of  metal  ：  Time  for  sawing  steel  forging,  6|in.  diam.,  con- 
taining 0  74  carbon,  112  manganese,  0*30  nickel ,  1\  mins. ； 
tool  steel  bar  2iin.  diam.,  4  mins.  ；  tool  st^el  bar  0  50  per 
cent,  carbon,  3iin.  diam.,  mins.  ；  Kmpp  chrome-nickel 
steel  bar  4iin.  diam.,  5  mins.  :  Kinpp  chrome-nickel  steel 
bar  6in.  diam.,  8  mins.  to  10  mins.  ；  6.\in.  bar,  0'20  per  cent, 
carbon,  5  mins.  ；  6in.  bar,  0*30  per  cent,  carbon,  mins.  to 
6  mins.  :  8in.  bar  of  liigh-carbon  steel,  13  mins.  :  8in.  diam. 
hard  bronze  ingot,  6  mins. 

All  these  data  represent  actual  practice  and  are  given  as  a 
general  guide,  although  it  is  necessary,  of  course,  to  make 
considerable  allowance  for  the  design  of  the  saw  as  well  as 
the  size  and  power  of  the  machine. 
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APPLICATION  OF  SURFACE  COMBUSTION  TO  LOCOMOTIVE 

BOILERS. 


A  design  of  locomotive  boiler  in  which  the  system  of  surface 
cx>mbustion  is  applied  has  recently  be&n  patented  by  Mr.  C. 
D.  McCourt  and  The  Baneoourt  Surface  Combustion,  Ltd. , 
Parliament  Mansions,  Victoria  Street,  Westminster,  LoikIud. 
The  boiler  is  shown  in  the  acconi])anyiug  illustrations,  Fig.  1 
}>eiug  a  longitudinal  section,  Figs.  2  and  3  trail s\rorse  sections, 
and  Fig.  4  a  sectional  view  of  one  of  the  burners  on  an 
enlarged  scale.  The  combustible  is  derived  i'roin  or  con- 
stituted bv  an  adinixture  of  oil  or  other  liquid  fuel  and  air, 
which  ai、e  delivered  at  suit ； pressure  by  means  of  |)\mips 


smokebox.  Thij  direction  of  flow  of  the  hot  gases  through 
the  superheater  is  opposite  to  the  direction  of  flow  of  the 
steam.  In  order  to  start  the  firing  a  mixture  of  any  suitable 
combustible  gas  and  air  may  be  supplied  th rough  the  air 
supply  pipes,  a  brancli  pipe  conveying  combustible  gas  being 
provided  foi*  this  purpose,  the  object  being  that  the  refractory 
material  in  proximity  to  the  air  admission  apertures  may  be 
heated  to  incandesoence  before  the  liquid  fuel  is  admitted. 


1**ig.  -2.  Fig. ― 

Application  of  Hukface  Combustion  tu 


JjUCOMUTIN  1 


or  blowers  to  supply  pipes  B  A  respectively,  and  thence 
through  control  valves  C  to  a  series  of  burners  D，  1  hose, 
burners,  as  shown,  comprising  a  central  fuel  jet  or  uozzle  E 
coaxially  arranged  witliin  au  air  pipe  F  and  discharging  into 
a  mixing  chamber  G.  The  oil  jet  or  nozzle  E  is  fitted  with 
a  suitable  atomising  or  spraying  device,  whereby  the  liquid 
fuel  constituent  of  the  combustible  mixture  is  reduced  to  a 
finely-divided  form,  so  as  to  enable  a  homogeneous  or  sub- 
stantially homogeneous  mixture  of  air  hjkI  sprayed  fuel  to 
be  effected  within  th©  mixing  chambers.  G.  This  combustible 
mixture  passes  through  apertures  in  the  outer  or  delivery 
wall  of  the  mixing  chamber  into  a  bed  H  of  I'efi'act'oi'V 
material  in  a  fragmentary  or  granular  form.  As  nliown,  ail 
the  burners  deliver  to  a  single  refractory  bed  overlving  the 
mixing  chambers  G. 

The  hot  gases  derived  from  the  combustion  of  the  mixtiin' 
upon  or  within  the  bed  H  (ignition  of  the  mixture  being 
effected  by  any  suitable  means,  as  by  the  introduction  of  a 
flaine  to  the  surface  of  the  bed  througli  the  ignition  door  V) 
pass  to  a  lieader  J  extending  longitudinally  to  th©  boiler 
shell  and  thence  t'liro'ugh  a  plurality  of  short  tubes  K  tra- 
versing the  water  space  of  the  boiler  to  a  second  header  M 
in  communicatiooti  with  the  chimney.  The  tubes  K  may  con- 
tain or  b©  packed  with  refractory  material  in  a  granular  or 
fragmentary  form,  which  is  raised  to  incandescence  by  the 
hob  gases  aud  the  heat  therefrom  transmitted  through  the 
conducting  walls  to'  the  water  within  the  boiler  shell.  The 
steam  space  of  the  boiler  shell  communicates  with  tho  steam 
valve  or  chest  through  a  superheater,  which  is  disposed  in 
t〜 smokebox.  The  superheater  comprises  a  series  of  steam 
pipes  O  embedded  in  refractory  material  in  granular  or 
fragmentary  form,  through  which  hot  gases  are  led,  these 
gases  being  taken  directly  from  the  header  'T  through  tlie 
ducts  P，  which  extend  longitudinally  at  each  side  of  the 


THE  HEAT  TREATMENT  OF  STEEL  CASTINGS. 

The  Pennsylvania  Railroad  lias  for  sumc  time  been  exj>eri- 
menting  on  the  clTect  of  t lie  si^cia]  Ileal  Ireatinf ni  of  steel 
castings,  particularly  bolsters  and  locomotive  frames,  and  the 

results  of  these  experiments  are  em- 
bodied in  a  paper  presented  at  a 
meeting  of  the  American  Institute 
of  Mining  Engineers  at  New  York 
on  February  18th  by  C.  D.  Young, 
engineer  of  tests  of  the  railroad, 
O.  A.  I).  Pease,  and  C.  H.  Strand. 

In  an  eilort  to  employ  cast  steel 
of  a  stronger  structure  than  that 
found  in  the  annealed  steel  cast- 
ings, the  possibilities  of  heat  treat- 
ment which  will  increase  the 
strength  without  materially  cle- 
n'easing  the  ductility  may  be  re- 
sorted to.  An  abstract  report  (which 
is  a  brief  outline  of  wliat  has  aire  ad  v 
been  done  by  the  Pennsylvania 
Railroad  Company  at  its  shops  and 
test  laboratories  at  Altoona,  Pa.)  is 
of  material  interest,  as  it  indicates 
what  may  be  done  with  steel  cast- 
ings when  properly  treated,  thereby 
perjnittiiig  in  railway  service  greater 
strength  of  cast- steel  parts  without 
any  increase  in  weight  or  space.  The 
(juestion  of  the  heat  treatment  of 
alloy  steel  casting-;  is  not  dealt  with 
in  tins  paper.  The  obscurity 
formerly  surrounding  the  heat 
treatment  of  steel  lias  been  for 
the  most  part  removed  by  the 
development  of  our  knowledge 
of  the  critical  points  of  steel,  pyrometers,  furnace  construct  ion, 
aud  th©  testing  of  the  finished  product.  The  operations  of 
the  heat  treatment  proper  are  taken  up  under  tlie  heads  of 
( 1 )  lieating  for  quenching  ；  (2)  quenching  ；  (3)  drawing. 


w  20 


11.30 

carbon, per  cent 
Fig.  1.— Chart  showing  Tests  of  Large  Castings. 

Heating  for  Qutnchiny . ― Heating  for  quenching  is  best 
conducted  slowly,  especially  in  the  case  of  castings 'of  variable 
thickness.    Craoka  may  occur  either  in  heatiug  or  in  cooling, 
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due  to  different  kiiiiperat  un>s  ； it  diiVeiont  points  of  t  he  r"stiiig. 
Tlui  castings  should  U1'  i  liorouglil  v  soaked  al-  t  lu*  niHxiiiium 
temiwraturo  (generally  1  ,.「)00o  to  1,600°  Fall.),  one  liour  being 
sufficient-  for  seciions  1  H  .  in  t  li ick dbss.  Tlie  rniiiiinuin  "'m|>" 
i-ature  wliicli  will  produco  1  lie  dcsifcd  liardenin^  c(Vc<-t  will,  in 
all  case's,  be  found  to  be  the  most  satisfactory,  as  the  grain 
coarsens  when  tlio  critical  r;my  is  exceeded  to  too'  great  a" 
extent.  All  temperatures  sliould  be  governed  by  a  checked 
pvromotcr  with  the  hot.  junction  to  the  heated  ol)jecl ,  and 
with  several  couples  in  a  large  l'uniaci1  to  rnsurc  ； i  unit'orm 
tcrnp-erature. 

QucnrhitHj . —— The  rasiiiig-  should  be.  I ran^lVn  rd  as  quickly 
； is  possible  From  t  \w  t'urnacr  to  tin1  ((iHMK'hiu^  t»;d  li,  ； lirI  in  Hie 
case  of  large  castings,  kiu'Ii  as  locomutivc  f  rames,  I  his  is  hy  no 
means  a  simple  matter.  The  larger  castings  are  best  handled 
by  means  of  cran-es  and  rollers.  The  quencliing  agent- 
employed  is  generally  water  or  oil,  preferably  the  former, 
because  of  its  cheapness  and  drastic  cooling  effect,  more 
readily  breaking  up  the  coars©  cast-steel  grain.  With 
int  ricate  castings  it  is  generally  beat  to  use  oil.  With  water 
it  is  possible  to  have  a  large  tank  and  a  large  running  stream, 
serving  to  maintain  a  uniform  temperature.  Castings  should 
never  b&  thrown  in  to  rest  on  the  bottom  of  the  tank,  but 
sliould  be  agitated  to  prevent  the  formation  of  a  coating  of 
vapour,  retarding  the  quenching  effect.  It  is  also  best, 
whenever  possible,  to'  quench  the  thicker  portions  first. 

I)  raw  in  (j . ― Whenever  possible  the  drawing  sliould  bo  done 
in  a  bath  of  some  kind,  such  as  lead,  barium  chloride,  a 
barium  chloride-salt  mixture,  or  oil.  In  the  case  of  large 
castings  this  is  manifestly  impossible,  and  great  care  should 
be  exercised  in  obtaining  a  uniform  temperature  in  the 
drawing  furnace.  The  use  to  which  the  casting  is  to  be>  put 
determines  the  drawing  teinperature,  railroad  work,  by  reason 
of  the  shock  and  vibration  of  the  road,  requiring  high 
ductility  at  tho  sacrifio©  of  some  strength  - 

The  following  table  shows  the  heat  treatment  and  t  lio 
results  of  tensile  and  cheiiiical  tests  ：  ~ - 


MANAGEMENT  OP  OIL  FUEL  PLANTS. 


STKOHM. 


T 1 1 1 :  nianageineiit  of  an  oil-burning  plant  diil'ers  very  '  '"isider- 
ablv  from  tlic  man;i^*jii<Mit  of  a  (:oa 卜 burning  plant  l>*M  aus**  ot 
the  rapidity  with  which  any  alteration  in  the  rate  of  firing 
afl'tM-l  s  t  he  ^iH'vni  ion  of  steam.  With  a  coal  fire  the  response 
to  an  increai*ed  rate  of  firing  is  slow,  l>e<;aus4»  it.  is  '"''•'"■、;。■、'  tor 
the  fresh  fuol  bo  become  heated  (x>  the  temperature  of  ignit ion 
l)efore  it  can  burn  and  give  ofT  lieaf'.  T»i  11  ic  case  of  an  oil 
fi re,  however,  the  corn])ustion  keeps  par 七  u  it  li  the  rate  of 
feeding  thc>  oil,  so  ill  at'  an  increas<Mj  flow  of  oil  is  iimiK'/li;'" 小 
fallowed  hy  an  i ncrea.sc<I  ^m^vni  ion  ()f  h<-;it .  Tli'-  l  li;it 
oil-hui'iiin^  plant  is  so  quickly  msponsive  to  alterations  in  Uk* 
conditions  of  conibustioii  makes  it  necessary  to  observe  '  ； u''  iii 
the  regulation  of  the  burners  and  tlu;  control  of  t lie  air  supply. 
It  is  particularly  necessary  to  guard  against  tlie  admission  of 
too  much  air,  wliich  will  dilute  the  products  of  combustion 
and  cause  loss  of  heat.  A  fi  reman  accustomed  to  the  ，卜'' oi 
solid  fuel  may  find  it  difficult  to  learn  to  reduce  tlie  air  su]>i>Iv 
sufficiently  for  the  economic  burning  of  oil,  as  oil  requires  ； i 
much  smaller  excels  of  air. 

The  method  to  be  used  in  starting  an  oil  fire  under  a 
boiler  will  depend  on  whether  the  boiler  is  the  only  one  in  the 
plant  or  whether  there  are  other  boilers  already  under  st*'am. 
If  steam  is  nofc  available  from  some  auxiliary  source,  it  is 
necessary  to  start  an  ordinary  wood  fire  and  get  up  steam  pres- 
sure enough  to  atomise  the  oil.  If  the  boiler  is  one  that  has  been 
converted  from  coal  l)urning  to  oil  burning,  and  tlie  grates  are 
still  in  place,  covered  with  firebrick^  the  wood  fire  is  built 
right  on  the  firebrick  layer  and  is  kept  going  until  the  steam 
gauge  on  the  boiler  shows  a  pressure  of  at  least  201bs.,  wliir-li 
will  be  sufficient  to  atomise  the  oil  for  starting  the  fire.  It  is 
not  necessary  to  remove  the  burner  while  this  fire  is  under 
way,  but  the  fire  should  be  kept  bX  a  safe  distance  from  the 
burner. 

When  the  steam  pressure  readies  201bs.  the  oil-pressure 
pump  should  be  started  and  the  steam  valve  on  the  burner 


('(uiiuu'rci ;il  1  y  An n c aU'd . 


Heat  Treated. 


Bolster  No  

E.  L.,  lbs  

T.  S.，  lbs..  

Elon.  in  2in.,  per  cent  

Red.  of  area,  per  cent  

C,  per  cent  

M.,  per  cent  

Si.,  per  cent  

P.,  per  cent  

S.  ，  per  cent  

Annt'a^ed  at  ,  deg .  Fall  

(Quenched  in  water  at,  (leg.  Fah. 
Drawn  to,  deg.  Fah  


B43 

B18 

B2 

B29 

B)0 

B39 

:i(),950 

36,700 

41,990 

44， 幅 

«i  1,940 

1  57,610 

78,665 

74,020 

69,783 

80,393 

87.890 

14-8 

()•() 

12-3 

53 

132 

43 

26"8 

4*5 

16-0 

5-9 

190 

0*31 

0*51 

035 

0'4!, 

032 

033 

；  0-82 

0-G8 

003 

0'70 

002 

0*88 

0*34 

031 

0-3G 

034 

026 

041 

OOIO 

0-04'> 

0-03" 

0036 

0042 

0*014 

0*010 

0030 

OOlli 

0  042 

0030 

0025 

1 .500 

1 ,550 

1,550 

1,550 

1 ,580 

l.()4(» 

l，600 

1.000 

900 

900 

B1.'> 
(U. 謂 
92.7;30 

15'4 
0:W 
0'7(i 
037 
0041 

1,600 
I.(i(K) 


lill 

二 4.'."' I 

0-62 

0032 
0018 


Tlie  curves,  Fig.  1，  show  the  average  results  of  a  consider- 
able number  of  tensile  tests  made  from  large  castings.  It  will 
be  observed  that  the  heat  treatment  increases  the  elastic  limit 
about  50  per  cent,  and  the  ultimate  strength  about  25  per 
cent.,  without  any  material  change  in  elongation.  The  heat 
treatment  to  produce  these-  results  is  also  shown.  In  cases 
where  a  fair  amount  of  ductility  is  required,  it  is  not  desirable 
to  have  the  carbon  content  above  0'35  per  cent.  Individual 
results  will  vary  from  5  to'  10  per  cent,  from  the  average 
results. 


Nottingham  Society  of  Engineers'— At  a  meeting  of  this 
society,  held  on  Wednesday  last,  a  paper  on  "  The  Utilisa- 
tion of  Exhaust  Steam,  and  the  Approximate  Cost  of  Produc- 
ing Electrical  Energy  therefrom  "  was  read  by  Mr.  W.  C. 
Mountain.  He  first  described  the  cliief  types  of  turbines  in 
use,  and  afterwards  furnished  figures  showing  the  amount  of 
steam  required  by  turbines  when  working  on  high  and  low 
pressure.  The  amount  of  exhaust  steam  available  from 
winding  engines  and  the  power  to  be  obtained  therefrom  was 
touched  on,  as  well  as  the  units  produced  by  turbines  of 
different  capacities  under  varying  load  factors,  and  the 
approximate  cost  of  producing  current  with  turbines  of - 
various  sizes  under  varying  load  factors.  The  paper  was 
illustrated  by  lantern  slides  of  typical  colliery  installations 
where  exhaust  steam  is  utilised,  and  of  the  different  types  of 
turbines  in  use. 


should  be  opened.  Steam  should  be  allowed  to  blow  through 
the  burner  until  the  issuing  jel  appears  to  dry.  Then  the 
oil  valve  is  opened  and  oil  is  allowed  to  flow  into  the 
burner.  The  spray  of  oil  will  be  directed  into  the  wood  fir<? 
on  the  floor  of  the  furnace  and  will  be  ignited,  after  wliich  the 
burner  will  continue  its  operation  in  the  usual  way.  The  wood 
fire  may  be  allowed  to  burn  out  or  it  may  be  raked  out  after 
the  oil  fire  has  beeu  started. 

If  there  are  other  boilers  in  use,  so  that'  a  supply  of  st^am 
is  at  hand,  the  operation  of  starting  an  oil  fire  under  a  cold 
boiler  is  made  much  simpler  and  shorter.  The  first  tiling  to 
do  is  to  open  the  damper  to  its  full  extent.  The  steam  and  oil 
stop  valves  are  kept  closed,  but  the  needle  valve  or  oil- 
regulating  valve  is  opened  slightly.  Now  steam  is  admitted  to 
the  burner  and  is  allowed  to  flow  until  the  pipes  and  the 
burner  are  heated  and  the  issuing  current  seems  to  be  dry, 
which  indicates  that  there  is  no  condensation  collected  in  tlie 
steam-supply  system.  Next,  a  bunch  of  wast^  saturated  witli 
oil  should  be  lighted  and  placed  inside  the  furnace,  on  the 
firebrick,  directly  in  the  path  of  the  steam  blast.  Then  the  fire 
door  should  be  closed  quickly  and  the  oil  valve  should  be 
opened.  The  oil  will  flow  though  the  partly  opened  needle 
valve  or  oil-regu】atiiig  valve  aud  the  spray  will  be  ignited  bv 
the  burning  waste.  After  the  fire  is  thus  started,  the  com- 
bustion may  be  regulated  by  adjusting  the  flow  of  oil  and 
steam  and  bv  changing  the  air  supply  through  manipulation 
of  the  ash-pit  doors  and  the  damper. 
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B&fore  starting  the  fir&，  it  is  a  wise  precaution  to  blow 
:U'am  through  the  oil  side  of  the  burner  to  make  sure  that  the 
oil  passages  are  clear.  This  is  don©  by  opening  tli^  by-pass 
valve  and  the  steam  valve.  After  the  fire  is  started  the 
intensity  of  the  fir©  should  not  be  increased  too  rapidly,  as 
there  is  danger  in  forcing  the  fires  under  a  cold  boiler.  The 
condition  of  the  fire  is  observed  through  peep  lioles  that  are 
placed  in  front  of  the  setting  or  at  the  sides.  When  the  boiler 
and  its  setting  have  become  heated  to  the  usual  working 
temperature  the  interior  of  the  furnace  should  appear  to  be 
filled  with  flame,  the  colour  of  which  should  verge  on  a 
dazzling  white.  The  flame  should  he  steady  and  not  surging 
or  gusty.  An  experienced  fireman  can  judge  the  condition  of 
his  fir©  very  accurately  by  observing  the  colour  of  the  flame, 
but  it  is  advantageous  if  he  can  also  see  the  top  of  the 
chim  nev. 

The  combustion  of  oil  is  accompanied  by  a  roaring  noise, 
and  the  nature  of  this  roaring  also  serves  a,a  a  guide  t(>  t  lie 
conditions  existing  in  the  furnace.  It  is  noticeable  that  an 
excessive  supply  of  cold  air  greatly  increases  the  noisei,  and 
that  preheating  of  the  air  supply  renders  the  combustion  much 
quieter.  It  is  natural  to  suppose,  therefor©,  that  the  reduction 
of  roaring  in  the>  furnace-  is  accompanied  by  an  increased 
efficiency  of  combustion,  since  it  is  obtained  by  cutting  down 
the  excess  of  air  and  by  increasing  its  temperature.  The 
formation  of  smoke  may  be  traced  to  an  insufficient  supply 
of  air,  an  over- supply  of  oil,  or  too  little  steam  to  atomise 
the  oil  thoroughly.  A  burner  that  has  not  been  properly 
cleaned  and  that  is  clogged  or  imperfectly  adjusted 
will  produce  an  unsteady  flame  and  m ay  cause  smoke.  If 
there  are  scintillating  particles  in  the  flame  and  they  appear  to 
fall  to  the  floor  of  the  furnace,  it  may  be  concluded  that  the 
atomisation  is  imperfect.  Tlie  pressure  of  the  atomising  agent 
should  therefore  be  increased .  If  there  is  water  in  the  oil  or 
in  the  steam ,  the  burner  will  spit  and  act  erratically.  A 
similar  sputtering  may  be  caused  by  the  presence  of  gases  in 
the  oil,  due  to  an  excessive  heating  of  the  oil  on  its  way  to  the 
burner. 

In  the  average  small  plant  using  liquid  fuel  the  burners 
are  regulated  by  hand  to  accommodate  the  rate  of  firing  to 
the  demand  for  steam .  This  can  b&  done  readily  because1  the 
number  of  burners  to  be  adjusted  is  not  great  ；  but  m  a  very 
large  plant  this  method  of  control  would  be  irksome  particu- 
larly if  the  load  were  subject  to  wide  and  frequent  changes. 
With  hand  regulation  of  the  separate  burners  the  economy 
depends  on  the  intelligence  of  the  fireman  in  judging  the  con- 
ditions of  combustion  and  in  the  quickness  with  whicli  lie 
adjusts  the  burners  to  changes  of  load. 

Automatic  regulation  is  employed  in  some  of  the  larger 
plants.  The  means  by  which  regulation  is  effected  varies,  but 
the  end  attained  is  the  same,  namely,  an  increase  or  decrease 
in  the  rate  of  firing  to-  correspond  to  an  increase  or  decrease  of 
load .  An  increased  demand  for  steam  is  evidenced  by  a 
<ltM-rease  of  steam  pressure  in  a  boiler.  One  sys1>em  of  automatic 
control  therefore  us&s  a  regulating  valve  on  the  oil  line  to  the 
burners.  This  valve  determines  the  rate  of  flow  of  the  oil,  and 
its  stem  is  attached  to  a  spring  and  to  a  diaphragm  that  is 
acted  on  by  the  steam  pressure.  The  pressaire  of  the  spring  and 
the  steam  pressure  act  to  oppose  each  other,  and  the  tension  of 
the  spring  can  be  altered  to  suit  conditions.  By  setting  this 
spring  to  the  proper  tension,  any  decrease  of  steam  pressure 
following  an  increased  load  on  the  boiler  will  allow  the  spring 
to  open  the  valve  slightly  and  more  oil  will  be  admitted  to  the 
burners.  In  this  way  the  rate  of  combustion  can  b&  made  to 
follow  the  demand  for  steam  very  closely.  In  this  system  the 
pressure  of  the  oil  as  supplied  by  the  pump  remains  constant. 

In  another  system  of  automatic  regulation  the  regulating 
valve  takes  the  form  of  a  pump  governor.  When  an  increase  of 
load  comes  on,  the  governor  admits  more  steam  to  the  pump, 
which  increa&es  its  speed  and  gives  a  higher  oil  pressure.  The 
oil  valves  at  the  burners  are  left  open,  and  the  result  of  the 
higher  pressure  is  an  increased  flow  of  oil.  There  is  a  greater 
amount_  of  heat  thus  generated  and  the  steam  pressure  is 
quickly  brought  back  to  normal  by  the  accelerated  evaporation. 
While  the  steam  pressure  is  increasing  the  governor  is 
gradually  cutting  down  the  speed  of  the  pump.  In  this  way 
the  steam  pressaire  is  kept  fairly  uniform.  Of  course,  an 
increased  flow  of  oil  demands  an  increased  flow  of  steam  to 
atomise  it  properly.  In  the  system  of  control  ju&t  described 
the  steam  supply  is  regulated  by   a  valve  whose   stem  is 


fastened  to  a  diaphragm  acted  on  by  the  oil  pressure.  An 
increased  oil  pressure  immediately  causes  an  increased  open- 
ing of  the  steam  valve,  and  thus  the  correct  ratio  of  steam  to 
oil  is  maintained. 

The  draught  required  for  tlie  burning  of  oil  fuel  is  verv 
small,  ranging  from  about  ^in.  to  iin.  of  water.  This  is  much 
less  than  is  required  for  the  burning  of  solid  fuels  and  is 
accounted  for  by  the  fact  that  in  an  oil-burning  boiler  the  only 
resistance  to  be  overcome  by  the  draught  is  that  due  to  the 
friction  of  the  gases  in  passing  through  the  furnace,  among  or 
through  the  tubes  and  along  the'breeching  and  the  chimney  to 
the  outer  air.  In  a  coal-burning  boiler  the  draught  must  not 
only  overcome  these  resistances  but  must  also  cause  the  air 
supply  to  rise  through  the  bed  of  fuel  on  the  grates.  For  this 
reason  the  chimney  of  a  coal-burning  plant  will  give  too  strong 
a  draught  when  the  fuel  is  changed  to  oil,  and  to  prevent  the 
inrush  of  too  much  air  the  damp&r  must  be  closed  to  a  greater 
extent  than  when  solid  fuel  is  u&ed. 

The  regulation  of  the  air  supply  to  the  furnace  may  be 
effected  either  by  means  of  the  damper  alone  01 
by  means  of  the  damper  and  the  ash-pit  doors. 
When  the  damper  alone  is  used,  the  ash-pit  doors  are  left  wide 
open  and  the  rate  at  which  air  flows  into  the  furnace  is  con- 
trolled by  the  amount  of  opening  of  tlie  damper.  The 
advantage  of  this  system  of  control  is  that  at  all  times  there  is 
ample  opening  for  the  admission  of  air,  and  the  air  enters  at 
a  rate  sufficient  to  replace  the  gases  that  escape  to  the  chimney. 
By  impeding  the  escape  of  hot  gases  at  the  damper  the  hot 
products  of  combustion  are  kept  in  contact  with  the  boiler 
surfaces  for  a  longer  period  and  the  rat©  of  travel  is  reduced, 
thus  giving  ample-  time  for  complete  combustion. 

It  is  probable,  however,  that  in  the  larger  number  of  plants 
the  regulation  is  accomplished  by  both  the  damper  and  the 
ash-pit  doors.  When  tlie  load  on  the  boiler  decreases  the 
amounts  of  air  and  oil  are  reduced.  This  results  in  a  corre- 
sponding reduction  of  the  weight  of  gases  formed  in  the  furnace, 
and  so  the  damper  should  be  moved  toward  its  closed  position. 
When  the  demand  for  steam  increases  the  opposite  adjustment 
must  be  made.  In  any  case,  the  object  to  be  attained  is 
efficient  combustion,  and  this  should  be  done  with  the  least 
possible  amount  of  air.  To  judge  as  to  when  this  point  has 
been  reached 3  the  air  supply  may  be  cut  down  until  smoke  is 
formed,  indicating  that  there  is  too  little'  air.  Then  the  supply 
may  be  increa&ed  gradually  until  the  smoke  disappears  and 
only  a  slight  haze'  is  visible  at  the  top  of  tho  chimney. 

When  an  oil-burning  boiler  is  to  be  shut  down,  the  stop 
valve  on  the  oil  line  to  the  burners  should  be  closed  first  of  all, 
thus  cutting  off  the  flow  of  oil  and  stopping  combustion  in  the 
furnace.  Next,  the  steam  valve  should  be  closed  until  only  a 
small  jet  of  steam  escapes  from  tlie  burner.  The  oil  side  of  the 
burner  should  then  be  blown  out,  which  is  don©  by  opening  the 
oil  regulating  valve  on  fch^  burner,  the  by-pass  valve,  and  then 
the  steam  valve.  This  precaution  is  necessary  to  prevent 
clogging  of  the  burner  ；  for  if  the  oil  is  allowed  to  remain 
stagnant  in  tlie  burner  and  its  connecting  pipes,  the  heat  of  the 
petting  will  carbonise  tlie  oil  and  bake  its  tarry  constituents  on 
tlie  inside  of  the  passages,  and  th-er&  will  be  trouble  and  delay 
when  the  burner  is  again  put  into,  service.  The  ash-pit  doors 
and  any  other  openings  for  the  admission  of  cold  air  to  the 
furnace  should  b&  closed  and  the  damped  opened,  so  that  tlie 
setting  may  not  cool  too  rapidly. 

As  a  usual  thing,  the  heat  stored  in  the  brick  lining  of  the 
furnace  will  re-ignite  the  oil  spray  if  the  flow  of  oil  is  inter- 
rupted for  a  few  seconds.  If  the  supply  of  oil  is  cut  off  for 
some  time,  however,  the  temperature  of  th©  furnace  may  fall 
to  such  a  point  that  tho  oil  cannot  he>  ignited  by  the  heat  of  the 
firebrick.  In  such  a  case  the  fireman  should  shut  off  all  oil  and 
then  close  the  steam  valve,  putting  the  burners  out  of  action. 
Then  ho  should  throw  a  bunch  of  burning  waste  into  the 
furnace,  clo'Se  the  fire  door  and  restart  the  burner  in  the  usual 
way.  The  inflammable  nature  of  oil  fuel  renders  accidental 
fires  a  possibility.  Should  oil  escape  from  the  pipes  and 
become  ignited,  the  flames  should  be  smothered  by  scattering 
sand  or  earth  over  the  surface  of  the  blazing  liquid.  Tlie  air 
is  thus  shut  off  from  the  oil  and  combustion  dies  out  because 
of  the  lack  of  oxygen.  It  is  useless  to  attempt  to  put  out  an 
oil  fire  by  turning  water  on  it,  because  tlie  only  effect  of  the 
water  will  b&  to  spread  the  oil  without  extinguishing  the 
flame, ~ Electrical  World." 
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ELECTRICAL  PYROMETRY. 

(/  'o/irfiit/ff/    fru///    jhif/i     J  JO). 

Pyrodur"  Indicators. ― By  virtue  ol'  Uh'  rmisi(l('raljle 
^lectroniotive  force  developed  by  the  "  Pyrodur  '  couples, 
Messrs.  Schaffer  <k  Budt'i 山 t'rg  h.'ivc  been  cnahlod  1o  conM  i  u<-( 
a  series  of  very  robust  indicating  instruments  particularly 
suitablo  for  industrial  requirements.  For  general  use  a 
veHiral  type  is  made  either  witli  flange  at  back  of  case  (»ee 
F\ir.  10)  for  iixing  to  a  wall  or  s、\'i"'l 山 (）;i  r'l  ，  or  \vi1  li  lLm"r"  it) 
front  of  case  for  letting  in  flush  witli  wall  (see  Fig.  1  I),  "ml 
a  purlablo  typo  (s<»e  Fig.  12). 

The  tubes  of  Marquardt  Masse, '，  Hie  In^lx'st  of 
porcolaiii  ！ nado  by  the  Imperial  German  Porcelain  Works,  at 
Berlin,  withstand  a  teinj)erature  of  considerably  alxivf 
3,000°  Fah.  and  are  impervious  to  gases.  They  are,  however, 
sensitive  to  sudden  changes  of  temperature  and  must  not  be 
plunged,  wIumi  cold,  into  heat  or  withdrawn  sucklenly.  Thf'v 
shoukl  be  inserted  slowly  or  allowed  to  u\>  with  thv 

funiai'^.  They  must,  further,  be' protected  against  liiechaiiic;)] 
injury  or  exposure  to  a  sharp  jet  of  ilanie. 

A  very  suitable  protection  is  the  new  "Silidur"  protector 
introduced  by  Messrs.  Schaffer  &  Budenberg,  Ltd.,  Man- 
chester. This  new  kind  of  protection  sheath,  which  lias 
recently  been  placed  on  the  market,  is  chiefly  intended  as  an 
extra,  protection  t'o  thermo-couples  with  "  Marquardt  Masse  •， 


tul 儿 's，  wlivn  uaed  under  very  severe  conditions.  It  is  a 
wonderfully  refractory  material,  which  will  stand  w lit? re  any 
other  material  would  bo  ruined  in  a  very  short  time. 

The  "  Silidur  "  sheaths  withstand  the  most  abrupt  changes 
of  temperature  up  to  1,500°  C.  (2,732°  Fah.).  They  protect 
the  Marquardt  Masse  tubes  against  cracking,  even  at  most 
suddeu  changes  of  temperature.  In  comparison  with  ceramic 
products,  such  as  porcelain,  fireclay,  or  with  quartz,  &c,，  they 
j)oss^ss  an  extraorclina rily  great  】iie('liaiii('al  firmness,  and  in 
addition  resist  chemical  action  well.  The  only  apparent  dis- 
advantage of  "  Silidur  ，'  is  that  it  cannot  be  used  alone  for  a 
protection  fitting,  as  it>  is  an  electrical  conductor,  and  would 
also  affect  or  destroy  the  platinum  wires,  if  brought  into  direct 
contact  with  them .  This,  of  course,  does  not  apply  it"  t ho 
sheaths,  as  is  reconi mended,  are  used  as  an  extra  protection 
over  "  Marquardt  Masse  ，'  tubes. 

The  "  Silidur  .，  sheaths  should  be  fixed  to  the  head  of 
the  couple  by  means  of  a  double  iron  clam p,  which  is  supplied 
for  the  purpose,  and  not  to  the  fragile  Marquardt  Masse  1  u\w. 
Either  of  these-  instruments  is  made  with  scale  eitlHM' 
1,650°  Fah.,  or  900。  C.，  as  shown  in  Figs.  13  and  14. 

For  the  platinum-platinum -rhodium  couples  for  ttMnpe- 
ratures  up  to  1,600°  C,  or  3,000°  Fah.,  the  following  indii-ators 
are  used  ：  (a)  Precisiou  pyrometer  indicator,  Fig.  15，  hori- 
zontal pattern,  in  metal  case,  with  spirit-level  in  centre  of 
dial  and  levelling  screws,  scale  with  temperature  and  ^nillivolts 
marking  and  mirror  below  pointer  to  avoid  errors  in  reading 
due  to  parallax,  (b)  Pyrometer  indicator.  Fig.  16，  wall  type, 
in  metal  case,  with  projecting  profile  scale  marked  in  tempe- 
rature  and    millivolts.      (r)  Port  able   pyrometer  indicator, 


Ki"r.  17，  in  w;d li ul  ('； is*'，  with  UMn|M*ra*  urr  awd  millivolts  scale 
and  mirror  I'dmv  poiiil«T  avoid  cnors  clue  lo  parallax. 
Scale,  70。  to.'KO(M)'  Kah. 

Fig.  18  shows  the  scale  of  Fig.  15  or  17，  Fig.  H)  lliat  of 
Fig.  16  indicator.  The  scale  of  the  indicaton*  Kigs.  1  .'>.  I  *；. 
17  need  not  iiwssarilv  I)''  <*xt I rorri  70  to  .V)u"  K;ih. 
(20。  to  1,600"  ('.)，  hut  can  be  calibrated  from  70°  to  2,200'' 
Fall.  (120°  lo   1 /200    C)  so  as  to  f)l>tai»i  as  oj>cn  a  scale  as 


possible  for  lower  ranges.  The  indicators  Figs.  15,  1(5，  17 
can  also  be  supplied  with  two  different  temperature  scales, 
say,  20°  to  1,200°  and  70°  to  3,000°,  or  any  other  convenient 
range.  The  second  scale  takes  the  place  of  the  usual  milli- 
volts scale.  The  two  scales  cannot,  of  course,  be  used  at  the 
same  time.  Portable  double  instruments  are  also  made  con- 
sisting of  one  pyrometer  indicator  and  one  resistance  tliermo 
indicator  in  one  case. 

The  electrical  pyrometers  are  also  made  to  automatically 
record  the  temperature  near  the  source  of  heat,  or  at  a  distant 
point  out  of  reach  of  the  operator.  Messrs.  Schaffer  and 
Budenberg  make  three  distinct  types  of  recorder ― (a)  a  short, 
period  recorder  with  drum  for  holding  paper  ；  (b)  a  long 
period  type  with  continuous  paper  strip ；  and  (c)  a  "  multi  ，， 


Fig.  !•：. 

continuous  recorder  to  register  simultaneouslv  the  tempera- 
tures of  from  two  to  six  couples.  All  these  are  of  the  highest, 
perfection  of  design  and  workmanship,  and  the  recording 
system  employed  is  entirely  free  from  pen  friction,  so  that 
absolutely  correct  results  are  ensured. 

Any  of  the  thermo-couples  described  in  the  foregoing  can 
be  connected  to  two  or  three  indicators,  one  of  whicli  may 
be  fitted  near  the  furnace,  in  full  view  of  the  operator  who 
controls  the  firing,  and  one  or  two  at  distant  offices,  or  one 
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indicator  may  be  fixed  near  the  furnace  and  a  recorder  in 
the  office.  Moreover,  a  number  of  stations  may  be  controlled 
from  a  switchboard  fitted  in  the  office  or  some  central  place. 
One  indicator  is  ouly  required,  which  is  switched  in  turn  to 
each  station. 

Fig.  20  shows  a  simple  recorder  of  the  single-drum  type. 
These  instruments  are  supplied  in  a  metal  case,  and  can  be 
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used  on  any  table  which  is  fairly  horizontal.  They  are 
normally  arranged  for  a  record  of  24  hours,  but  are  made  for 
any  other  period.  The  drum  is  revolved  by  a  powerful 
clock  movement,  which  must  be  rewound  every  24  hours  by 
means  of  a  key.  By  means  of  a  clock-actuatsd  pressure  bar 
the  pointer  and  writing  boom  are  momentarily  depressed 
once  every  30  9ecs.,  thus  recording,  through  a  copying  ribbon, 
the  slightest  variations  of  temperature  by  a  series  of  con- 
nected dots  on  to  the  paper  fixed  on  the  drum.  The  momen- 
tary temperature  is  indicated  at  th&  same  time  by  the  upper 


Fig.  15. 

extension  of  the  writing  boom  or  pointer  on  a  segment  scale 
visible  through  the  glass  in  the  top  of  the  case. 

The  width  of  the  paper  is  4|in.  and  the  length  13|in. 
The  paper  is  divided  by  vertical  hour  lines  and  horizontal 
temperature  lines.  The  papers  are  normally  divided  as 
follows  ： —— 


From  30  ―  1,650°  Fah 
，， 30  ―  1,100°  ，， 

" 70  ―  3,000°  ，， 
，， 70  —  2,200°  ，， 


(or  20  ― 
(or  20  ― 


900° Cent.))  for  Pyrodm' 
600。    ，，     }  couple 

Ifor  Platinum- 
Platinum- 
Hhod 瞧 
couples. 

The  papers  are,  however,  supplied  with  any  lower  range 
according  to  requirements,  so  as  to  give  as  clear  a  record  as 
possible  for  the  working  range. 

Figs.  21  and  22  show  fragment  scales  of  the  recorder  Fig. 
20 ― 1,600°  Fall,  as  obtained  with  pyrodur  couple  and  3,000° 
Fah.  as  obtained  with  platinum-platinum-rhodium  couples. 
During  the  transit  the  writing  boom  is  arrested  by  a  flat 
spring  at  the  left  or  zero  end  of  the  scale.  To  start  the 
recorder  this  spring  is  depressed  and  the  writing  boom  gently 
pushed  to  the  right.  The  clock  is  then  started  by  a  lever  on 
the  right-hand  side  of  the  case. 


Each  time  after  re-winding  the  clock  movement,  the  wind- 
ing key  must  be  withdrawn  and  the  dust  cap  over  the  key- 
hole closed.  If  no  graphic  record  is  required,  the  instrument 
can  still  be  used  as  indicator  of  the  momentary  temperatures, 
by  leaving  the  writing  boom  unlocked  whilst  stopping  the 
clock  movement.  The  pressure  bar  which  depresses  the 
writing  boom  is  arrested  automatically  by  the  opening  of  the 
outer  case,  so  that  therefore  th©  registration  can  only  take 
place  when  the  case  is  closed. 

Fig.  23  shows  a  recorder  of  the  continuous  paper  type. 
These  instruments  are  supplied  in  metal  case,  and  can  be  used 
on  any  table  or  bracket  which  is  fairly  horizontal.  The 
diagram  paper  is  50  yards  long,  and  runs  out  through  a  slot 
in  the  front  of  the  case  at  either  of  th©  following  rates  :  (a) 
Rate  of  paper  feed  l^in.  (30  mm.)  per  hour,  registration 
taking  place  every  60  sees.  The  paper  lasts  60  days,  whilst 
the  clock  movement  must  he  re-wound  every  seven  clays. 
(h)  Rate  of  paper  feed  2§in.  (60  mm.)  per  hour,  registration 


taking  place  every  30  sees.  The  paper  lasts  30  days,  whilst 
the  clock  movement  must  be  re-wound  every  three  days. 

The  tip  of  the  pointer  or  writing  boom  is  momentarily 
depressed  every  30  sees,  or  60  sees,  against  the  paper  band 
as  it  passes  over  an  ink-pad,  by  means  of  a  clock-actuated 
pressure  bar,  thus  recording  every  minute  variation  of  the 
temperature  by  a  series  of  closely- spaced  dots.  The  paper 
being  transparent,  the  dots  are  visible  on  both  sides.  An 
ingenious  but  simple  recording  mechanism  ensures  a  system 


The  papers  are  normally  divided  as 


of  straight  ordinates. 
follows : — 

From  30  ―  1,650°  Fah.  (or  20  ―     900°Ceni.)\   for  Pyrodur 

couples, 
for  Platinuni- 
Platinum- 
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couples. 

Figs.  24  and  25  shows  fragments  of  the  records  of  Fig.  T-] 
― 1,600°  Fah.  as  used  with  the  pyrodur  couples  and  3,000° 
Fah.  as  used  with  platinum-platinum- rhodium  couples.  The 
adjustment  of  the  pointer  to  the  temperature  prevalent  near 
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the  head  or  "  cold  junction  "  of  the  thermo-couple  is  effected 
by  means  of  a  screw  on  the  top  of  the  case  marked  Index 
Correction .  The  electric  recording  system  is  arrested  by 
throwing  tlie  lever  A  on  right  side  of  base  over  to  "  Locked." 
The  i)a]>er  is  changed  or  adjusted  after  sliding  the  glass  door 
in  front  to  the  left  (which  can  only  be  done  after  the  lever  A 
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Fig.  19. 

is  thrown  over  to  "  Locked n).  The  clock  movement  is 
re-wound  by  a  key.  To  start  the  movement  the  milled  knob 
on  top  of  case  is  turned  to  "  Free." 

In  Fig.  26  we  have  a  continuous  recorder  to  register 
simultaneously  the  temperature  of  from  two  to  six  stations. 
We  recently  had  the  pleasure  to  inspect  one  of  these  instru- 
ments installed  at  Messrs.  Schaffer  &  Budenberg，s  premises 
to  record  room  and  outdoor  temperatures,  and  we  must  can- 
didly admit  that  it  is  as  interesting  a  piece  of  mechanism 


Fig.  20. 

as  we  have  seen  for  many  a  day.  One  scarcely  knows  what 
to  admire  most,  the  ingenious  design  or  the  exquisite  finish 
of  every  detail  or  the  marvellous,  almost  uncanny,  precision 
with  wliich  the  instrument  works.  It  is  quite  fascinating  to 
watch  the  writing  boom  or  needle  taking  its  position  within 
a  fraction  of  a  degree  for  each  of  the  six  stations  successively. 
In  the  instrument  wliich  we  saw,  and  which,  we  learn, 
Messrs.  ScliafFer  &  Budeiiberg  will  be  glad  to  show  to  auy  of 
our  readers,  the  slightest  variation  of  temperature  caused  by 
opening  a  door  or  a  window,  or  by  lighting,  regulating,  or 
extinguishing  the  gas  fire  in  a  calorifier  in  one  of  the  rooms, 
is  instantly  recorded,  as  also  the  differences  in  the  case  of 
outdoor  temperatures  caused  by  the  effect  of  wind  or  direct 
sunlight . 

The  makers  claim  the  following  advantages  for  these 
instruments,  viz.  :  Records  from  two  to  six  thermo-couples  on 


one  chart ；  each  record  in  a  different  colour  and  quil 山、 
tinct  ；  highest  precision  of  workinansliip  ；  works  quite  auto- 
matically ； re(|iiii cs  little  attcnt  ion  ；  |);i|>ci-  ca.-.ilv  clian:"-' i  . 
no  inking  of  pens,  &c.  ；  momentary  temperatures  indicated 
on  large  open  scale.  And,  as  far  as  we  can  judge,  these  aie 
fully  borne  out  in  practice. 

The  instruments  are  arranged  to  hang  on  a  wall  ai"l 
record  simultaneously  on  a  chart,  50  yards  lon^,  tin*  t''m|"'r;i 
tures  at  from  two  to  six  different  places.  The  various  tem- 
perature curves  are  produced  in  different  colours  and  can  \x- 
recognised  very  distinctly,  even  if  they  cross  each  other  at 
acute  angles.  The  multi-colour  effect  is  pro(lm'('(l  I'y  t  li.- 
employment  of  a  hexagonal  roller  with  six  pads,  eacli  charged 


Fig.  21. 


Fig.  22. 

with  ink  of  different  colour.  This  roller  is  revolved  auto- 
matically, so  that  the  corresponding  colour  is  turned  up  as 
each  element  is  connected  in  its  turn  to  the  recording  system. 
Thus  the  temperatures  of  the  various  stations  are  recorded 
each  in  its  own  different  colour.  The  temperature,  which  is 
recorded  momentarily,  is  indicated  by  a  pointer  on  a  scale 
at  the  top  of  the  instrument.  A  figure  wheel  on  the  right 
indicates  the  number  of  the  thermometer  which  is  in  circuit. 


Fig.  23. 

The  figures  on  this  wheel  are  in  different  coloured  enamels 
corresponding  to  the  colours  of  the  respective  record  curves. 

The  instruments  are  supplied  with  either  of  tlie  following 
paper  speeds  and  recording  periods,  &c.  ：  (a)  Paper  speed 
l^in.  (30  mm.)  per  hour.  The  registration  takes  place  every 
30  sees.,  each  of  the  six  thermometers  being  put  into  the 
circuit  every  3  mins.     The  paper  lasts  60  clays.     The  clock 
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spaced  dots  forming  practically  complete  lines.  The  instru- 
ment is  arranged  in  a  case  with  lock-up  glass-fronted  cover. 
When  once  fixed  and  connected  it  requires  no  attention 
beyond  occasional  winding  of  the  clock  and  changing  of  the 


-V 。辑 土  \ 

Fig.  26. 

paper.  The  ink-pads  in  the  recording  roller  last  for  a  con- 
siderable time,  but  can  be  re-charged,  when  necessary,  at  u 
small  cost.    The  power  required  to  work  the  electroma»n^ti> 


Via.  1. 


lacquer,  when  warm,  retained  the  dust,  thus  forming  a  path 
between  the  live  commutator  segments  and  the  armature 
core.  As  the  dust  accumulated  the  insulation  resistance 
gradually  decreased,  but  this  was  carefully  watched  and  the 
armature  eventually  removed . 

A  further  test  revealed  the  position  of  the  fault,  which 
extended  from  the  segments  across  the  mica,  as  shown  in 
Fig.  1,  During  this  test'  small  arcs  could  be  seen  ou  the 
film  of  copper  dust-,  passing  from  tlie  commutator  to  the 
metal  sleeve.  Before" a  remedy  could  b©  applied  it  was'  neces- 
sary to  removei  all  the  copper  and  carbon  dust  behind  the 
commutator.  The  question  was  how  to  get  at  it  so  as  to 
i'n; 山！ e  a  good  repair  to  bo  made  in  quick  time.  The  follow- 
ing 】netliod  was  adopted  ：  Sufficient  conductors  were 
unsweated  at  the  three  parts,  A,  B,  and  C  (Fig.  2),  so  as  to 
enable  small  steel  scrapers  to  be  used  over  the  whole  surface 
covered  with  the  copper  dust.  The  scrapers  were  made  in 
.lilVciTiit  shapes,  so  that  all  crevices,  & ('.，  could  l>e  thoroughly 
.•le;u'e(l  of  copper  dust,  and  old  lacquer.  The  back  of  t  h，' 
(■(wnmuiator  segments  w  as  t  li"muglil、'  cleaned,  and  also  t  he 
^'xposL'ii  mica  lie!  ween  and  undei  neatli  them.  Insulation  tests 
were  made  during  tlie  process,  and  the  improved  results 
o})tainecl  amply  repaid  the  trouble.  The  last  test  gave  a 
value  of  5  megohms.  The  avniat-ure  was  then  bake<l  io  a 
temperature  of  100°  Fall.,  and  when  tested  later,  at  intervals 
of  24  hours,  the  following  insults  were  obtained  :  (1)  7T) 
megs.  ；  (2)  20  megs.  ；  (3)  50  megs. 

The  writer  conceived  the  idea  of  removing  tlie  moisturo 
from  the  armature  by  means  of  resistance  wire  wound  <、ir- 
cumferentially  round  the  armature,  strips  of  wood  being 
placed  lengthways  along  the  core  to  keep  the  resistance  wire 
from  touching  the  armature.  After  the  wire  had  1>eeii 
wound  on  the  armature,  a  sheet  of  asbestos  was  placed  so  as 
to  completely  enclose  it,  and  thus  prevent  loss  of  heat.  The 

*  Paper  read  at  the  Midland  branch  of  the  Association  of  Mining  Electrical 

rnrinoers,  mul  rpprndnced  from  "  The  Iron  and  Coal  Trades  Eeviow." 


goes  r4  days.  (6)  Paper  speed  2 gin.  (60  mm.)  per  hour.  "I he 
registration  takes  place  every  15  sees. ,  each  of  the  six 
thermometers  being  put  into  the  circuit  every  H  mins.  The 
paper  lasts  30  days.    The  clock  goes  seven  days. 

In  each  case  the  record  curves  consist  of  series  of  closely- 
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switch  for  putting  the  different  thermocouples  intermittently 
into  circuit  is  usually  supplied  by  a  small  three-cell  accumu- 
lator or  battery,  or,  if  preferred,  a  resistance  can  be  supplied, 
so  that  any  existing  electric  light  or  power  can  be  used. 
The  papers  (in  rolls  of  50  yards  each)  are  normally  divided 
as  follows : — 


From  ：}() 
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,, 70 
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BREAKDOWN  OF  A  D.C.  MOTOR  ARMATURE.* 

BY  F.  CHURCH. 

Thk  armature  belonged  to  a  total ly-en cl osed  40  li.p.  four-pole 
macliiiH1,  having  a  multiple— riicuit  winding.  Tlie  diameter 
oi'  the  armature  was  15 in.  The  connnutator  lugs  were  ！ 2  7T〉iu. 
long,  the  commutator  diameter  8in.，  and  the  overall  diameter 
ol'  t  he  lugs  13'5in.  The  copper  and  carbon  dust  produced  hv 
t  Ite  1'riclion  between  the  brushes  and  tho  commutator  was 
carried  by  the  ventilating  current  of  air  through  the  open 
spares  between  the  commutator  lugs  and  into  the  interior  of 
the  armature.  This  action  was  continuous  while  the  machine 
was  running,  and  in  course  of  time  the  rear  of  the  com- 
mutator segments,  mica,  and  commutator  sleeve  became 
covered  witli  particles  of  copper  and  carbon.    The  insulating 


Fig.  25. 
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wire  used  was  160  yards  of  No.  22  inangaiiin,  asbestos  covered. 
Resistance  per  yard  =  0976.  The  pivssucr  us<mI  was  '」:)（>  volts, 
and  the  current  passing  through  tlie  wire  was  16  ampere. 

Whilst  the  armature  was  hot  the  exposed  portion  of  tho 
commutator  sleeve  was  well  coated  with  •'  Voltalac,"  wliicli 
is  an  air-drying  lacquer.  Afterwards  a  single  layer  of  cotton 
tape  was  wound  round  the  sleeve.  The  lacquer  was  applied 
to  the  back  of  the  commutator  segments  in  a  tliin  layer  and 
allowed  to  dry.  When  thoroughly  dry,  (  lie  whole  of  t  Itc 
interior  was  given  a  second  coating  of  "  Vtillalac."  WIipii 


this  was  dry  a  layer  of  brown  paper  was  laid  over  the 
lacquered  parts,  and  then  the  conductors  were  l'e- sweated 
into  their  respective  lugs,  care  being  taken  to  have  the  con- 
ductors and  lug  to  be  sweated  in  such  a-  position  thai  tho 
solder  ran  away  from,  and  not  into,  the  interior  of  the 
armature.  The  cord  binder  was  then  placed  in  position  and 
the  temperature  of  the  armature  raised  to  100°  Fah.  At. 
this  temperature  a  final  coat  of  lacquer  was  given  to  all 
connections,  &c.，  which  had  been  disturbed.  The  armature 
was  subjected  to  the  above  temperature  for  three  days,  and 


the  final  test  gave  70  megs.  When  the  armature  was  ('old 
the'  insulation  was  at-  20  megs. 

To  prevent  this  kind  of  failure  t  lie  space  between  the 
commutator  lugs  must  be  filled  in  so  as  to 川 ake  it  impossible 
for  the  copper  and  carbon  dust  io  ]>ass  lhrou<;h.  Tlie  cnm 
mutator  segment  and  lug  should  be  made,  in  one  pier!',  and 
lli&  mica  extended  to  the  top  as  shown  in  Fig.  3.  Wit li 
armatures  up  to  20  h.]>-,  the  lugs  can  be  made  short  and  the 
o\\(h  oi'  tlie  conductors  laid  obliquely  from  t  \iv  lugs  to  1 1 1 e 
slots.  Impregnat-ed  tape  should  be  laid  beneath  i \w  con- 
ductors to  prevent  any  dust  passing  l)et\veen  them  to  t Ik> 
i»ack  of  the  coninnitatoi-. 

The  above  remarks  apply  chielly  to  tl"、  semi  and  tolallv- 
enc]os€<l  motors.  The  open  type  ot'  niacliiue  is  not  so  liable 
1(>  fail  from  Hie  above  cause. 


North-cast  Coast  Institution  of  Engineers  and  Shipbuilders. ― At 

the  general  meeting  of  the  Graduate  Section,  to  he  held  in  the 
Institution,  on  Saturday,  iMarch  14th,  at  7 - 1  T>  p.ni.,  a  papt'r  on 
" Screw  Propellers,"  by  Mr.  P.  Y.  Briinbleconibe,  B.Sc,  will 
be  read  and  discussefl. 


MOTOR  AND  CONTROL  EQUIPMENTS  FOR  ELECTRIC 
LOCOMOTIVES. 

liY  F.  I-VDALL. 

Motohs. 

Dealing  first  with  motors  for  locomotives,  it)  will  be  con- 
venient to  divide  them  into  two  classes,  viz.,  geared  and 
gearless  motors.  Tlie  suitability  of  one  class  in  preference 
to  tlie  otlier  in  any  particular  case  has  already  been  discussed 
at  some  length  in  a  previous  paper. 十  The  conrlusions  arrivH 
at  are  that  tlie  sphere  of  utility  of  the  geared  motor  is  prart i 
cally  confined  to  locomotives  of  moderate  speed,  as,  lor 
instance ?  locomotives  whose  maxiniurn  speed  never  exw' 卜 
60  to  65  miles  per  hour  ；  whereas  for  express  passenger  loco- 
motives, witli  which  speeds  up  to  80  or  85  miles  per  hour 
may  be  reached,  the  gear  less  motor  practically  liolds  the  fif»l*l. 
Tt  is  proposed  only  to  draw  attention  to  questions  of  motor 
rapacity  in  relation  to  (a)  gauge,  (b)  electrical  system, "  > 
voltage,  (d)  diameter  of  driving  wheel,  {e)  method  oi  tr;" 卜 
mission,  and  (/)  forced  ventilation. 

(ft)  (rfuuje. — It  will  be  readily  understood  that  a  narrow- 
gauge  liarnj>ers  the  designer  very  seriously.  If  it  is  intended 
to  adopt  tlie  ordinary  form  of  transmission,  viz.,  by  single 
reduction  gearing  with  the  "  wheelbarrow  ，，  type  of  suspen- 
sion, the  space  available  for  the  motor  and  the  gearing  is 
equal  in  one  direction  to  the  distance  between  the  wheel  tyres, 
less  the  necessary  clearance.  If  with  the  normal-sized  driv- 
ing wheel  the  space  available  is  insufficient  to  accommodate 
a  motor  of  the  required  capacity,  the  only  alternatives  are  to 
increase  the  wheel  diameter  or  to  adopt  some  other  form  of 
transmission.  The  latter  of  these  two  alternatives  leads  to  a 
more  expensive  construction,  but  nevertheless  it  may  be 
unavoidable. 

The  point  is  well  illustrated  by  two  locomotives  both 
equipped  by  Messrs.  Siemens  Schuckert,  one  for  a  colliery 
in  the  North  of  England,  the  other  for  the  metre-gauge  rail- 
way line  belonging,  to  the  Rombacher  Hiitte  in  Alsace.  In 
the  latter  the  motors  are  suspended  on  the  bogies  in  the 
ordinary  way，  and  the  only  departure  from  the  usual 
arrangement  is  in  respect  of  the  wheel  diameter  which  is 
greater  than  customary  for  motors  of  160  h.p.  capacity.  This 
instance  is  of  particular  interest  owing  to  the  fact  that  each 
motor  is  designed  for  a  voltage  of  1,000,  and  is  insulated 
sufficiently  to  withstand  a  pressure  of  2,000  volts  to  earth , 
the  supply  being  at  2,000  volts  continuous  current.  In  the 
former  locomotive,  which  was  designed  for  a  gauge  of  26in., 
the  problem  was  to  provide  an  equipment  with  a  total  capacity 
of  about  175  h.p.  For  this  purpose  an  88  h.p.  motor  was 
mounted  on  each  of  the  two  bogies  in  such  a  position  that  it 
was  not  restricted  in  an  axial  direction  by  the  wheel  lyres. 
A  jack  shaft  was  also  provided  geared  to  the  motor  and 
cou pled  to  the  driving  axles  by  side  coupling  rods.  In  this 
way  a  motor  which  with  the  ordinary  suspension  could  not 
be  got  into  any  gauge  less  than  one  metre  was  fitted  on  to 
a  truck  built  for  26in.  The  two  constructions  are  sho、vn  to 
the  same  scale  in  Fig.  1.  The  restrictions  of  gauge  are  of 
less  importance  in  a  locomotive  in  which  ^earless  motors  are 
used  mounted  in  the  body  of  the  locomotive  and  driving'  l»v 
connecting  rods  and  jack  shafts.  With  this  construction  the 
motor  can  be  made  as  large  in  diameter  as  desired  ooiisi-t*Mit 
witli  the  limits  of  armature  peripheral  velocity,  but  in  an 
axial  direction  it  is  limited  by  the  distance  between  tin* 
centres  of  the  crank  pins  at  the  two  ends  of  the  jack  shaft. 
With  outside  bearings,  however,  the  cranks  being  on  exten- 
sions of  the  journals,  this  is  not  a  severe  restriction. 

(b)  avd  (c)  Elect ricnl  S//strt/t  and  YnUaffe. ― Four  alterna- 
tive systems  may  be  mentioned :  Continuous  current  low- 
tension,  continuous  current  liigh-tension,  tliree-phase  alternat- 
ing current,  single-i>liase  alternating  current.  For  continuous 
current,  low  tension  may  be  regarded  as  any  voltage  up  to 
750  or  800,  high  tension  1,000  volts  upwards^  there  being 
no  cases  that  the  author  is  aware  of  in  which  the  voltage 
is  between  800  and  1,000.  It  will  be  obvious  that  for  the 
same  capacity  a  high-tension  motor  will  be  larger  and  heavier 

*  Abstract  of  pajuT  lemt  ht'fort*  tin*  【ii、tiliiUcm  of  Kl(H»trii*al  Engineers, 
t  F.  Lyilnll.    '•  EU*otric  Looomotives."   Journal  I.E.F:..  V"l.  LI.,  p.  739.  1913. 


250 


THE    MECHANICAL  ENGINEER. 


[March  13,  1914 


than  a  low-tension  motor.  There  is  less  space  for  armature 
conductors,  and  therefore  the  armature  must  be  bigger  for 
tlie  same  volume  of  copper.  The  commutator  may  be  shorter 
if  the  motor  is  designed  for  a  high  terminal  voltage,  and  not 
merely  insulated  for  connection  in  series  with  another  low- 
voltage  motor  on  a  high-tension  supply  ；  but  this  advantage 
is  counter-balanced  by  the  longer  creeping  surfaces  required 
and  the  greater  clearances  between  live  parts  and  the  frame. 
Space  in  an  axial  direction  being  in  general  restricted,  the 
tendency  will  naturally  be  towards  an  increase  in  the 
diameter,  corresponding  to  an  increase  in  the  working  voltage, 
as  has  already  been  noticed  in  the  case  of  the  Rombacher 
Hiitte  locomotive  mentioned  above. 


question  of  frequency  is  important.  For  three-phase  loco- 
motive motors,  especially  those  operating  in  cascade,  a  low 
frequency  is  desirable.  In  the  new  locomotives  for  the  Nor- 
folk and  Western  Railway  25-frequency  motors  are  to  be 
used,  but  this  is  probably  on  account  of  the  general  tendency 
in  the  United  States  to  adopt  this  frequency  as  the  lowest 
standard  for  railway  work  in  order  to  utilise  the  supply  for 
other  purposes  at  the  same  time.  So  far  as  capacity  in 
relation  to  weight  and  bulk  is  concerned,  polyphase  induction 
motors  make  a  very  good  showing.  It  must  be  remembered, 
however,  in  comparing  induction  motors  with  motors  liaving 
series  characteristics,  whether  continuous-current  or  single- 
phase  alternating-current,  that  the  induction  motor  is  rated 


Fig. 


For  motors  of  moderate  capacity,  there  seems  no  difficulty 
in  raising  the  supply  voltage  to  2,400,  as  in  the  case  of  the 
locomotives  for  the  Butte  and  Anaconda  Railroad,  each  of 
which  is  equipped  with  four  300  h.p.  single-reduction  twin- 
gear  forced-draught  motors  suspended  in  the  ordinary  way 
with  48in.  driving  wheels.  A  step  in  advance  of  this  is 
being  tested  on  the  Lancashire  and  Yorkshire  Railway,  where 
motor-coach  equipments  are  being  supplied  by  Messrs.  Dick, 
Kerr,  &  Co.，  each  consisting  of  four  250  h.p.  1,650  volt  single- 
reduction  single-geared  motors  with  driving  wheels  of  44in. 
diam.  the  supply  voltage  being  3,300.  These  equipments  are 
said  to  work  perfectly  satisfactorily,  but  it  is  self-evident  that 


at  its  maximum  speed,  that  is,  at  a  speed  which  may  corre- 
spond to  the  maximum  permissible  peripheral  velocity  of  the 
rotor,  whereas  the  series  motor  is  rated  on  the  basis  of  a  speed 
which  may  be,  and  often  is,  not  more  than  half  the  maximum. 
If  series  motors  were  especially  designed  to  give  their  output 
on  the  one-hour  rating  at  their  maximum  speeds,  they  would 
compare  very  favourably  with  induction  motors  ；  at  least  the 
continuous-current  series  motor  would  give  astonishing  figures 
for  weiglit  per  horse-power.  In  practice,  the  single-phase 
motor,  even  at  the  low  frequency  adopted  as  the  standard 
on  the  Continent  (16§  or  15)  is  undoubtedly  more  bulky  than 
the  continuous-current  motor.    As  an  illustration  of  this, 


t 
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Fig.  2. 


2,000  H.P.  600-volt  Motor,  for  Pennsylvania  Locomotives. 


in  some  places  inside  the  motor  the  clearances  between  live 
parts  and  the  frame  must  be  comparatively  small.  But 
whatever  the  results  of  this  experiment  may  be,  it  is  certain 
that  in  the  case  of  a  locomotive  where  there  is  no  objection 
to  the  motors  projecting  above  the  floor  level,  the  electrical 
designer  would  feel  happier  in  making  the  motor  with  ample 
internal  clearances,  and  this  could  only  be  done  by  freeing 
the  motor,  by  orie  or  other  of  the  various  methods  available, 
from  the  restrictions  of  the  gauge  and  the  wheel  diameter, 
hi  considering  the  two  alternating-current  systems,  the 


00  H.P.  Single-phase  Motor,  I  —  B 十 B  —  I，  Locomotive  for  IiiHschberg  Railway. 

the  2,000  h.p.  600  volt  motor  of  the  Pennsylvania  Railroad 
locomotives  may  be  compared  with  the  800  h.p.  single-phase 
motor  of  the  Lotschberg  locomotive  equipped  by  tlie 
Allgemeine  Elektricitats  Gesellschaft.  The  comparison  is 
shown  in  Fig.  2,  the  two  motors  being  drawn  to  the  same 
scale.  The  influence  of  the  two  factors  (d)  and  (e)  on  motor 
capacity  has  already  been  touched  upon  above. 

(/)  Forced  V ent Nation . —— The  advantage  of  forced  venti- 
lation in  increasing  the  continuous  capacity  is  so  great  that 
it  is  becoming  general  to  introduce  it  in  locomotives  of  all 
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classes  except  small  industrial  locomotives.  The  complication 
of  apparatus  involved  in  the  provision  of  the  blowers  is  not 
great,  and  no  trouble  in  regard  to  maintenance  need  be 
anticipated,  as  the  blowers  and  their  motors  can  be  fixed  in 
the  interior  of  the  locomotive,  where  they  can  be  inspected 
at  any  time. 

Control  Equipments. 
The  problems  inherent  in  the  design  of  a  control  system 
suitable  for  an  electric  locomotive  are  bound  to  depend  upon 
the  purpose  which  the  locomotive  is  intended  to  .serve.  It 
may  be  said  at  once  that  apart  from  special  cases  an  electric 
locomotive  differs  essentially  from  a  motor  coach  both  as  to 
its  function  and  as  to  its  constitution.  A  motor  coach,  as 
generally  understood,  is  a  passenger  vehicle  with  an  electrical 
equipment.  This  equipment  is  usually  designed  to  enable 
the  train  to  be  started  with  a  high  acceleration,  so  high  in 


Fig.  3. 


fact  that  it  does  not  depend  to  any  great  extent  on  the 
gradients  such  as  are  ordinarily  met  with  on  English  rail- 
ways. The  weight  of  the  motor  coach  is  determined  princi- 
pally by  structural  considerations  with  regard  to  the 
passenger  accommodation,  and  partly  by  the  weight  of  the 
electrical  equipment  itself,  and  is  kept  down  to  the  lowest 
limit  consistent  with  strength  and  the  requisite  capacity. 

The  design  of  an  electric  locomotive,  on  the  other  hand, 
depends  on  quite  different  considerations.  In  the  first  place, 
the  weight  is  arbitrarily  chosen  independently  of  the  struc- 
tural strength  and  to  a  certain  extent  of  the  capacity  of 
the  equipment  ；  on  the  contrary,  the  principal  deciding  factors 
are  the  adhesion  necessary  to  enable  the  required  tractive 
effort  to  be  exerted,  and  the  speed  of  travel.  The  first  of 
these  factors  determines  the  weight  carried  by  the  driving 
wheels  ；  the  second  the  number  and  arrangement  of  non- 
driving  wheels.  In  many  cases  locomotives  are  ballasted  in 
order  to  bring  up  the  total  weight  to  the  required  value. 
In  the  second  place,  electric  locomotives  are  not  usually 
intended  for  service  in  which  high  acceleration  'is  required. 
Rapid  starting  is  not  a  matter  of  great  impcrtance  for  freight 
trains  or  for  long-distance  passenger  trains.  In  consequence 
the  proportion  of  the  weight  on  the  driving  wheels  to  the  total 
weight  of  the  train  is  usually  much  lower  in  the  case  of 
trains  hauled  by  electric  locomotives  than  in  the  case  of 
multiple-unit  motor  and  trailer-coach  trains.  For  example, 
for  freight  trains  the  ratio  might  perhaps  be  as  low  as  1  to  20  ; 
whereas  for  multiple-unit  trains  it  would  seldom  be  less  than 
1  to  or  1  to  3.  This  difference  in  the  ratio  of  adhesion 
weight  to  total  weight  has  a  marked  influence  on  the  control 
system,  as  will  be  seen  the  moment  the  question  of  starting 
on  gradients  is  considered. 

The  following  general  statements  with  regard  to  heavy 
traction  by  steam  or  by  electric  locomotives  will  be  admitted 
by  railway  engineers  ：  (a)  The  weight  on  a  pair  of  driving 
wheels  is  generally  not  far  from  the  maximum  permissible 
weight  as  determined  by  the  strength  of  the  track,  bridges, 
&c.  (h)  A  locomotive  is  utilised  to  the  greatest  advantage 
when  it  is  coupled  to  the  heaviest  train  with  which  it  is  able 
to  deal  ；  that  is,  haul  at  the  regulation  speed  on  the;  line 
selected,  start  on  the  steepest  rising  gradient,  and  stop  on 
the  maximum  falling  gradient. 

It  will  perhaps  be  best  to  explain  the  influence  of  these 
points  on  the  control  system  by  considering  a  simple  example. 
Let  it  be  assumed  that  the  maximum  weight  per  axle  of  tiie 
locomotive  is  16  tons:  and  take  the  case  of  an  articulated 
four-axle  64 -ton  locomotive,  each  half  of  which  is  equipped 
with  one  continuous-current  motor,  driving  through  single- 
reduction  gearing  and  coupling  rods.  Suppose  also  that  die 
steepest  gradient  on  the  line  is  1  in  90.  Fig.  3  shows  the  out- 
line of  the  locomotive,  and  Fig.  4  gives  the  performance 


curves  of  each  motor.  In  order  to  study  the  capabiliti*  ^  <>i 
the  locomotive  it  is  necessary  to  make  some  reasonable 
assumption  as  to  the  maximum  value  of  the  coefficient  of 
adhesion.  Let  it  be  assumed  that  this  value  is  1  to  4,  in 
other  words  that  the  greatest  tractive  effort  than  can  he 
exerted  by  the  motors  without  causing  the  wheels  to  slip  is 
64/4  tons  (  =  16  tons)  measured  at  the  tread  of  the  driving 
wheels  (not  at  the  draw-bar). 

Now  the  variations  of  the  tractive  effort  exerted  by  the 
motors  during  the  progress  of  the  controller  obviously  depend 
on  the  number  of  steps  in  which  the  controlling  resistances 
are  switched  out  with  motors  in  series  and  in  parallel.  What- 
ever the  variation  may  be,  the  current  on  each  position  of 
the  controller  must  be  allowed  to  fall  so  far  that  when  the 
next  step  of  resistance  is  switched  out  the  current  does  not 
increase  beyond  the  value  corresponding  to  the  maximum 
permissible  tractive  effort.  If  the  load  behind  the  locomotive 
when  travelling  up  the  specified  gradient  is  too  great  the 
current  will  never  fall  sufficiently  to  permit  the  controller  to 
progress  without  causing  the  wheels  to  slip.  It  is,  of  course, 
well  known  that  when  the  wheels  slip  the  tractive  effort  is 
much  less  than  while  the  wheels  adhere  to  the  rails.  If, 
therefore,  the  load  is  excessive,  the  locomotive  will  be  unable 
to  start  the  train  and  gather  speed  on  the  gradient,  although 
it  may  be  perfectly  capable  of  maintaining  full  speed  up  the 
gradient  if  the  train  has  already  been  started  on  the  level  or 
on  an  easier  gradient.  Thus  suppose  the  locomotive  men- 
tioned above  is  coupled  to  a  train  weighing  W  tons,  and 
assume  that  the  tractive  resistance  of  the  whole  train  during 
the  start  is  71bs.  per  ton,  then  the  tractive  effort  required  to 
maintain  speed  on  the  gradient  of 】 in  90  without  accelera- 
tion will  be ― 

(W —髻 +  7] 

= (W  +  64)  321bs. 
W 

=  Jq  +  0  915  ton. 

This  then  will  be  the  theoretical  lower  limit  of  the  variation 
of  tractive  effort  during  the  start.  For  example,  supposing 
the  number  of  steps  in  the  control  system  is  such  that  with 


FlQ-  4  — Peeformance  Curves  op  550  H.P.  1,300  volt  C.C.  Motor. 


an  upper  limit  of  16  tons  the  lower  limit  is  12  5  tons,  then 
the  maximum  train  weight  permissible  will  be  given  bv  the 
equation — 

W 

Yq  +  0915  =  12-5, 

from  which  W  =  810  tons.  It  is  hardly  practicable,  however, 
on  the  assumptions  made  above,  to  work  with  a  trailing  load' 
as  high  as  this.  If  this  load  were  coupled  to  the  engine  and 
an  attempt  were  made  to  start  up  on  the  specified  gradient, 
each  step  of  the  control  would  occupy  an  inordinate  time 
before  the  motor  current  fell  far  enough  to  permit  the  con- 
troller to  advance  to  the  next  step.  This  is  fairlv  obvious 
from  the  speed  time  curve  in  Fig.  5，  which  shows  how  tlie 
acceleration  varies  from  a  fairly  high  value  down  to  almost 
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zero  on  each  position  of  the  controller.  If  then  the  niaximm" 
theoretical  load  is  attached  to  the  locomotive,  the  acceleration 
must  actually  reach  zero  on  each  position  of  thecontroller,  which 
is,  of  course,  impracticable.  In  practice,  therefore,  the  load 
must  be  limited  to  something  less  than  the  theoretical  maxi- 
nuim  value.  For  the  following  reason  the  reduction  will 
depend  on  the  gradient.  If  the  tractive  resistance  is  small 
roni[>ared  with  the  force  of  gravity  on  the  gradient,  the  pull 
required  to  maintain  speed  on  the  gradient  can  be  calculated 
with  fair  accuracy.  If  not,  the  calculation  will  depend  to  a 
large  extent  on  a  correct  forecast  of  the  tractive  resistance. 
Even  a  correct  forecast,  however,  is  not  sufficient,  since  the 
tractive  resistance  differs  between  wide  limits  under  varvini; 
(•(nulitions.  For  example,  supjiosc  t  he  ^rudient  in  question 
is  1  in  50,  and  the  estimated  tractive  resistance  is  71bs.  per 
tun.      Tlien  the  pull  corresponding  to  steady  speed  will  be ― 

d— 十 71bs.  per  ton  =  51'Slbs.  per  ton. 

50 

An  error  of  10  per  cent,  in  the  tractive  resistance  will  only 
involve  an  error  of  1*25  per  cent,  in  the  total.  If,  however, 
the  gradient  were  1  in  200,  an  error  of  10  per  cent,  in  the 
tractive  resistance  would  lead  to  an  error  in  the  total  of  3  8 
per  cent.  The  only  safe  way  then  is  to  estimate  the  tractive 
resistance  on  the  high  side  and  allow  a  margin  beyond  the 
calculated  value  to  ensure  that  the  starting  period  is  not 
unduly  prolonged.  For  example,  in  the  case  illustrated 
in  Fig.  5，  the  theoretical  maximum  value  is  810  tons,  and  the 
actual  value  on  the  basis  of  which  the  curves  have  been  drawn 
is  only  740  tons.  The  number  of  steps  in  the  controller  or 
control  system  will  depend  on  the  characteristics  of  the  motor 
in  question.  If  the  magnetic  circuit  of  the  motor  is  not 
highly  saturated  on  that  part  of  its  range  which  is  used  dur- 
ing starting,  and  if  the  resistance  of  the  motor  is  relatively 
high,  the  number  of  steps  necessary  to  keep  the  torque  varia- 
tion within  moderate  limits  is  not  likely  to  be  excessive.  The 
greater  the  saturation  and  the  lower  the  internal  resistance, 
the  greater  will  be  the  number  of  steps. 

These  two  factors  can  be  combined  in  one,  viz.，  the  slope 
of  the  speed  curve  at  the  working  range.  The  greater  the 
slope,  the  smaller  the  number  of  steps.  This  slope  being  the 
resultant  of  the  two  factors  will  vary  with  different  motors. 
In  a  general  way  one  may  say  that  the  bigger  the  motors, 
the  lower  will  be  the  internal  resistance,  and  therefore  the 
less  the  slope  and  the  greater  the  number  of  steps.  This  is 
illustrated  by  the  comparison  in  Figs.  4  and  6，  the  formei"  of 


Seconds 

KlG.  5  _\COKijEBaTIon  CimVK  OF  804 -TON  TltATN.     1   IN 】（壯 

which  shows  the  starting  curves  for  a  550  li.p.  uiotor  and  the 
tattt-r  those  for  a  100  li.p.  motor,  the  same  peiceniiigo  varia- 
tion of  torque  being  permitted  in  l")Ui  cases. 

This  comparison  is  perhaps  wortli  consideration  when 
determining  the  most  favourable  motor  equipment  for  a  given 
locomotive.  Tf  a  single  large  motor  be  chose n  instead  of, 
say,  four  small  motors  of  the  same  aggregate  capacity,  in 
order  to  arrive  at  the  same  value  of  the  maximum  permis- 
sible load  a  more  elaborate  control  system  must  be  installed. 
This  is,  however,  comparatively  a  small  point. 

It  is  also  worth  remarking  that  the  question  of  self- 
induction  in  the  motor  windings  does  not  enter  into  the 
consideration  of  the  problem.  In  the  case  of  a  trarncar  start- 
ing on  the  level,  under  ordinary  ciiruinstanoes  the  entire 
starting  period  may  not  last  more  tlian  six  seconds,  and  there- 


fore the  time  spent  on  each  notch  of  the  controller  is  so  sliort 
that  the  variations  of  the  motor  current  may  be  considerably 
influenced  by  self-induction.  In  the  case  of  a  locomotive 
starting  with  its  maxinuun  load  on  a  steep  gradient,  the 
accelerating  period  may  last  from  five  to  ten  minutes,  so  that 
the  influence  of  self-induction  may  be  ignored.  It  is,  there- 
fore, necessary  to  consider  the  matter  carefully  as  no  help 
can  be  expected  from  this  source. 

On  the  other  hand  there  are  two  factors  which  make  for 
some  uncertainty  as  to  the  precise  fliu-tuations  of  the  torque 


lOO%  £5 


peres 

Fig.  6.— Performance  Curves  of  100  H.P.  500  volt  C.C.  Motou 

during  the  accelerating  period,  viz.,  the  variation  of  the 
supply  voltage  on  the  overhead  line,  or  on  the  third  rail  as 
the  case  may  be,  and  the  variations  in  the  resistance  values 
of  the  controlling  resistances  due  to  the  rise  in  temperature. 
The  first  of  these  tends  to  reduce  the  fluctuations,  as  tlu* 
supply  of  voltage  will  generally  fall  slightly  as  more  current 
flows  through  the  motors.  The  second  is  very  uncertain,  the 
temperature  of  the  resistances  depending  on  the  working 
conditions,  <fec. 

(To  be  continued.) 


LATHE  FOR  CRANK  PINS. 

The  accompanying  illustrations  show  a  design  of  self-contained 
lathe  for  turning  the  pins  of  crank  shafts  and  other  similar 
pieces,  the  inventioii  of  Mr.  G.  A.  Ryder,  Turner  Bridge  Iron- 
works, Tonge,  Bolton.  Fig.  1  is  a  front  elevation  of  the  lathe, 
and  Fig.  2  is  a  part  sectional  plan  of  the  same  with  the  loose 
headstock  removed.  Figs.  3  and  4  are  end  elevations  taken 
respectively  from  opposite  ends  of  the  barrel,  Figs.  1  and  2. 


Figs,  5，  （；，  and  7  are  detail  views,  on  a  larger  scalt1,  oi'  a 
suitable  arrangement  of  gearing  for  adjusting  the  position  of 
the  outer  sliding  carriage'  in  the  rotating  barrel. 

Referring  to  the  illustrations,  A  designates  an  electric  or 
other  suitable  motor  ；  B  a  gear  box  containing  the  variable 
gearing  for  rotating  the  barrel  at  tlie  required  speeds  ； 
C  the  main  pinion  gearing  into  external  teeth  on  the  rotating 
barrel  D  ；  E  two  hand  wheels  for  controlling  the  gears  in  the 
gear  box  B  and  effecting  the  necessary  changes  to  alter  the 
speed  of  the  barrel  D  as  required  ；  F  the  usual  change-feed 
motion  lever  ；  G  a  speed  controller  for  automatically  con- 
trolling the  motor  A  and  theivliv  maintaining  the  cutting 
speed  at  one  constant  raie ;   H  two  hand  wheel  controls  for  the 


March  13，  1914] 


THE    MECHANICAL  KM;I\K1':I《 


253 


usual  cutting  tools;  and  W  tlie  customary  loose  tailst<K»k.  In 
the  rotating  barrel  了）  is  mounted  a  longitudinally  sliding 
carriage  J  on  keyways  K，  and  in  this  carriage  is  m(,mi"'W  m 
guides  an  inner  carriage  M  arranged  to  receive  tlie  end  ("  tl"、 
crank  shaft  in  one  or  other  of  two  l)earin^s  X.  Tlie  (:ai:ri;f 
M  is  adjusted  to  the  desired  decree  of  "('('"""."'it  v  to  suit  tli(、 
throw  of  the  crank  shaft  by  means  of  a  hand  wheel  N，  a  pair 
of  bevel  wheels  0，  and  a  screw  P  in  en ija foment  witli  a  lu^  (} 


Fig.  3,  Fig.  4. 

Lathe  for  Crank  Pi n s . 


(川 the  inner  carriage  M.  On  the  guides  of  the  carriage  M  are 
provided  suitable  graduations,  and  indicating  fingers  (Fig.  3) 
to  facilitate  setting  the  carriage  M. 

As  first  on©  crank  pin  and  then  another  is  turned  the 
carriage  J  has  to  be  made  to  slide  in  the  barrel  D  on  the 
keyways  K，  the  motion  being  either  applied  direct  by  hand  or 
by  mechanism  such  as  tliat  shown  in  Figs.  5，  6，  and  7.  This 
mechanism  comprises  a  hand  wheel  R  and  screw  S，  the  latter 
engaging  a  nut  T  on  the  carriage  J.  It  will  therefore  be  seen 
that  as  the  hand  wheel  11  is  turned  the  carriage  J  is  caused  to 
slide  along  the  barrel  D  and  is  locked  and  held  stationary  until 
the  hand  wheel  R  is  again  turned.  In  operation  the  motor  A 
drives  through  the  gears  in  the  gear  box  B,  the  main  pinion  C, 
which  through  fhe  teeth  drives  the  barrel  D  and  the  carriages 
J  and  M  with  the  crank  shaft  are  cau&ed  to  rotate  whilst  a 
('rank  pin  is  being  turned.  When  one  crank  ]>in  has  been 
finished  it  becomes  necessary  to  feed  the  carriage  .T  furtlier 
into  the  barrel  D，  and  this  operation  can  effects!  in  oitlier 
manner  described. 


PNEUMATIC  TOOLS*" 

II Y  H.  I.  BRACKENBVHY. 

Ai'THorcH  chipping  and  riveting  hammers  have  been 
known  and  used  for  many  vears  in  shipyards,  their 
use  in  English  yards  is  still  very  limited,  and  this 
remark  applies  more  especially  to  tlie  riveting  hammer. 
With  a  few  exceptions  our  shipyards  make  less  use  of  these 
tools  than  might  have  been  expected  from  the  examples  set 
by  other  countries  and  the  known  excellency  of  the  work 
produced  by  pneumatic  riveting  hammers.  During  t  lu1  last 
year  there  has  been  an  exceptional  demand  for  hands  for 


shipbuilding,  and  there  was  difficulty  in  fimling  a  uifn  hmii 
itumher  of  riv'-ting  squads.  Th<*  r<*sull  w;is  that  tin-  ^nt in* 
output  of  the  shipj>in^  trade,  oti  wliirh  (i*  |MMi<ls  t  Ik*  hulk  ot 
out*  English  trade,  was  limited  by  the  number  of  rivets  wlii»  li 
could  he  closed  each  d;iv.  Tli''n'  ;u«*  l«'、v，  il  ； my,  ri、''，s  in 
a  sliij)  whicli  cannot  be  closed  with  a  jHieuniatic  lianimer.  mid 
a  very  conservative  estimate  of  the  rate  of  riveting  with  ； i 
pneuinatic  hammer  would  be  as  two  to  on©  driven  by  the 
liand  haimrier.  A  rough  estimate  of  the  rivets  driven  in  .ships 
in  the  British  Islands  for  the  year  1913  was  280,000,000. 
This  figure  gives  some  idea  of  the  effect  on  production  whi(rli 
would  be  ma<le  )yy  a  full  use  of,  pneumatic  tools.  The  qu^tion 
may  well  be  asked  why  the  shipbuilders  have  not  used  to  tho 
i'ull  the  advantages  offered  thein.  The  answer  \af  the  diflicull y 
of  overcoming  natural  opposition  to  the  introduction  of 
hil)our-saving  tools.  But  in  the  meantime  are  we  not  jierhaps 
starving  the  goose  that  lays  the  golden  eggs,  and  may  we  not 
wake  from  this  boom  of  trade  to  find  the  continental  sl»ij>- 
yards  in  a  position  to  enter  into  very  serious  competition  with 
us  in  the  trade  that  means  so  much  to  our  country  ？  Japan 
is  using  the  tools  extensively,  and  it  is  to  be  feared  that  a 


Lathe  von  Crank  J*ins. 

Japanese  riveter,  armed  with  a  pneumatic  hammer,  may  be 
more  than  a  match  for  our  English  riveter  when  using  a 
hand  riveting  hammer.  The  days  when  physical  strength  was 
everything  have  passed,  both  for  war  and  trade,  and  one  may 
look  with  serious  concern  to  the  future  of  our  country  unless 
full  use  is  made  of  modern  inventions  to  increase  our  powers 
of  production. 

The  pneumatic  hammer,  reduced  to  its  lowest  terms,  is  a 
combination  of  a  cylinder,  reciprocating  piston,  a  valve  con- 
trolling the  flow  of  motive  fluid  to  and  from  the  cylinder,  and 
a  throttle  valve  in  the  supply  pipe.  Considered  in  this  light, 
credit  must  be  given  to  James  Watt,  Savary,  and  others,  as 
the  original  inventors.  All  the  earlier  engines  were  designed 
to  produce  rotary  motion  or  to  work  pumps,  with  or  without 
crank  and  flywheel.  The  idea  of  using  a  free  piston  was  first 
suggested  as  a  good  means  of  rock  drilling.  Amongst  tlie 
earliest  inventors  in  this  field  was  George  Low,  an  English- 
man, who  in  1865  patented  a  rock  drill  having  a  hammering 
piston.  He  states  in  the  specification  that  Iiis  device  can  be 
used  for  riveting,  Ac,  but  it  was  in  no  sense  of  the  word  a 
hand  tool.  Low  is  perhaps  chiefly  interesting  as  being  the 
first,  to  show  a  grasping  handle  with  manna llv-operated 
throttle  valve  within  the  control  of  the  operator  s  finders. 

Low  was  followed  two  years  later  by  Doering,  anotli^r 
Englislnnan,  with  a  rock  drill  which  shows  originality  of 
design.  He  was  the  first  to  patent  a  pressure-operated  valve 
for  this  class  of  machine,  in  which  tlie  piston  ami  valve  are 
mutually  interdependent:  for  tlieir  respective  motions,  that  is, 
the  valve  controls  the  motion  of  the  piston,  and  the  piston 
performs  the  double  function  of  striking  tlie  blow  and  acting 
as  a  valve  to  control  the  motion  of  the  valve  itself,  a  principle 

*  Abstract  of  paw  read  before  the  Coventry  Engine^ria  Society,  Coventrj 
January  23rd,  1914. 
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which,  in  many  forms  and  modilications,  is  used  on  all  modern 
pueumatic  hammers.  The  first  to  patent  a  hand  pneumatic 
hammer  was  Dr.  S.  W.  Dennis,  a  San  Francisco  dentist,  who 
was  granted  a  patent  in  1877  for  a  pneumatic  deutal  mallet 
(United  States  Patent  No.  195,102).  This  tool  had  a  valve 
which  controlled  the'  admission  and  exhaust  of  the  co'mpres&ed 
air  to  and  from  one  end  of  the  cylinder  only.  The  piston  in 
moving  outward  to  strike  its  blow  compressed  a  spring  which, 
after  exhaust  took  place,  reset  the  pi&tou  for  the  next  working 
stroke.  The  compressed  air  was  supplied  by  a  small  foot 
power  compressor.    This  device  did  not  come  into  general  use. 

The  first  serious  attempt  to  produce  a  practical  metal- 
working  pneumatic  hammer  s&ems  to  have  been  mad©  by 
Boyer,  of  St.  Louis,  who,  in  1883，  patented  a  "  chipping 
machine M  provided  with  a  grasping  handle  and  a  throttle 
valve  controlled  by  hand.  In  principle  Boyer  appears  to 
have  followed  somewhat  the  lines  of  Dr.  Dennis.  Instead  of 
using  a  spring  for  resetting  the  piston,  Boyer  u&ed  a  piston  of 
two  diameters,  and,  under  the  shoulder  so  provided,  used  con- 
stant air  pressure  on  a  small  area  for  this  purpo&e.  The 
piston,  in  its  working  sti*ok©,  therefor©  operated  against  this 
constant  pressure,  tending  to  hold  it  in  its  rearward  position. 
The  valve  in  B oyer's  first  device  was  thrown  backward  and 
forward  by  means  of  a  stud  projecting  laterally  from  the 
piston  engaging  a  slotted  extension  of  the  valve  &tem.  The 
valve  was  placed  in  a  chamber  close  alongside  the'  cylinder  and 
parallel  to  it.  Nothing  came  of  this  device,  and  Boyer  seems 
to  have  don©  nothing  further  in  this  field  for  about  12  years 
or  more. 

Now  w©  came  to  the  invention  of  Benjamin  Brazelle,  of 
St.  Louis,  who  in  the  early  'eighties  obtained  a  patent  in  the 
United  States  of  America  for  a  steam  pump3  disclosing  a 
differential- area  piston  attached  to  a  pump  plunger,  together 
with  a  differential-area  valve,  each  of  which  served  to'  control 
the  operation  of  the  other -  Brazelle  s  device  is  not  very 
different  from  Doering's,  but  he.  used  a  differential-area  piston 
in  connection  with  a  differential-area  valve,  and  the  construc- 
tion is  in  consequence  simpler  than  that  of  Doering.  Brazelle 
states  in  his  specification  tliat  his  machine  may  be  used  not 
only  for  pumping,  but  for  "  working  hammers  or  stamps,  rock 
drilling,  and  the  like."  Boyer  seems  to  have  drawn  inspira- 
tion from  Brazelle's  invention,  for  in  1896  he  brought  out  a 
metal- working  pneumatic  hammer  involving  Brazelle's  design, 
but  modified  to  suit  the  conditions  of  chipping,  caulking,  and 
riveting.  About  this  time  other  inventors  had  placed  on  the 
market  pneumatic  hammers  of  the  valveless  type-  which  were 
used  for  stone  cutting,  and  in  a  small  way  fox  caulking  ship 
and  tank  plates.  These  hammers  were  necessarily  of  very 
short  stroke,  and  depended  for  their  effect  upon  extremely 
rapid  blows,  some  of  them  making  from  3,000  to  5,000  strokes 
a  minute.  Some  of  the  earliest  ones  were  used  in  Cramp's 
shipyard  in  1894.  These  tools  were  not  provided  with 
handles,  and  they  were  not  only  cumbersome,  but  the  vibra- 
tion was  so  bad  that  the  workmen  objected  to  using  them. 
Hammers  of  this  type,  of  small  size,  are  still  u&ed  largely  for 
stone  carving,  and  are  considered  the  best  for  the  purpose,  not 
only  in  principle,  but  on  account  of  low  cost.  Boyer  was 
followed  by  Keller,  Kimman?  Richards,  Meissner,  and  other 
American  inventors,  and  the  pneumatic  hammer  industry 
quickly  became  an  important  one  throughout  the  world .  It 
was  soon  found  that  there  was  a  large  field  for  pneumatic 
hammers  for  closing  rivets,  and  that  the  Boyer  and  other 
types  of  hammers,  based  more  or  less  on  the  principle  of 
Doering  and  Brazelle,  and  which  involved  the'  use  of  a  piston 
greater  in  length  than  the  length  of  its  stroke,  could  not  be 
made  sufficiently  powerful  to  do  heavy  riveting  without 
making  them  of  such  dimensions  that  they  would  be  too  heavy 
to  be  used  by  one  man. 

This  demand  for  pneumatic  riveters  led  to  the  invention 
of  the  long-stroke  ，，  hammer,  i.e.,  one  in  which  a  compara- 
tively short  piston  was  made  to  travel  a  distance  much  in 
excess  of  its  own  length.  This  was  the  first  instance  in  the 
pneumatic  hammer  art  which  called  for  original  invention. 
Previously  nearly  all  the  so-called  inventions  had  been  largely 
adaptations  of  inventions  in  other  fields  to  this  particular 
purpose.  Boyer  was  probably  the  first  to  make  a  long-stroke 
hammer,  and  he  acomplished  it  about  1899，  by  employing  a 
valve  at  each  end  of  the  cylinder,  connected  together  by  two 
yods  of  small  diameter  placed  in  longitudinal  passages  drilled 
in  the  walls  of  the  cylinder.       The  valves  worked  simul- 


taneously by  means  of  air  pressure  created  through  "  cushion- 
ing " of  the  piston  as  it  neared  the  end  of  its  stroke.  The 
whole  was  much  too  intricate  and  delicate  to  stand  hard 
service^  however,  and  was  soon  abandoned. 

Meissner,  of  St.  Louis,  at  about  the  same  time,  brought 
out  a  long-stroke  hammer  with  one  valve  only .  This  valve 
was  so  arranged  as  to  be  moved  in  one  direction  by  live  air 
pressure  admitted  bo  the  smaller  of  its  two  differential  areas, 
and  in  the  other  direction  by  pressure  created  by  the 
" cushioning  "  of  the  piston  on  its  return  stroke.  The-  design 
involved  "  throwing  ，，  the  piston  rearward  by  air  pressure 
exerted  on  it  through  about,  a  third  of  its  stroke,  the  balance 
of  the  stroke  being  accomplished  by  its  own  momentum.  A 
full  stroke  was  assured,  however,  because  the  valve,  being 
moved  rearwardly  by  compression  of  air  caused  by  the  piston, 
would  not  shift  until  the  full  rearward  stroke  of  the  latter  was 
accomplished.  Th©  Meissner  invention  assured  the  success  of 
the  "long-stroke"  hammer,  and  the>  main  principle  of  his 
invention,  which  ho  seems  to  have  failed  to  protect  as  broadly 
as  he  might  have  done,  has  been  adopted  with  modifications 
by  all  the  makers  of  pneumatic  tools  throughout  the  world. 
(To  be  covti/t /ted.) 


INDUSTRIAL  AND  TRADE  NOTES. 

Autumatic  Signalling  on  the  Midlan  i  Railway.—  The  trial  Kailo- 
phone  plant  laid  down  by  the  Midland  Railway  Company  on  their 
main  line  near  Derby  has  been  tested  in  the  presence  of  some  of 
the  directors  of  the  company,  and  the  initial  tests  are  said  to  have 
proved  very  satisfactory.  With  the  railophone  the  driver  is 
warned  by  means  of  an  audible  signal  of  the  approach  to  a  distant 
signal,  and  if  the  warning  is  ignored  the  brakes  are  automatically 
a  p  plied. 

Tync  Tube  Railway  Bill. ― The  North,  and  South  Shields  Railu  a\' 
Bill  should  have  came  before  the  Examiner  of  Standing  Order 
Proofs,  at  the  House  of  Commons,  on  the  4th  iiist.，  but  there  was 
no  appearance  on  behalf  of  the  promoters,  and  the  Bill  is,  there- 
fore, dead.  The  object  of  the  Bill  was  to  authorise  the 
incorporation  of  a  company  with  a  capital  of  £200,000  and 
borrowing  powers  of  £65,000  for  the  making  of  a  new  railway  a 
little  over  three-quarters  of  a  mile  long,  connecting  the  boroughs 
of  Tynemouth  and  South  Shields,  and  passing  beneath  the  Tyne 
by  means  of  a  tunnel. 

Electrification  of  Swedish  Railways. 一 The  Swedish  railway  authori- 
ties have  prepared  a  scheme  for  the  extension  and  improve- 
ment of  the  State  railways  during  the  next  ten  years.  The  scheme 
will  involve  a  capital  expenditure  of  over  £16,000,000.  Of  this 
amount  it  is  proposed  to  employ  £2,640,000  for  the  electrification 
of  the  most  important  sections  of  the  main  lines.  It  is  also  pro- 
posed to  complete  the  electrification  of  the  Kiiruna  Railway ― the 
section  between  Kiiruna  and  the  port  of  Luleaa  on  the  Bay  of 
Bothnia.  The  other  section  to  the  Norwegian  frontier  is  already 
being  electrified.  The  former  will  involve  an  expenditure  of  nearly 
£420,000. 

German-built  Locomotives  for  South  African  Railways. ― The  Union  of 

Africa  Railways  Department  has,  we  learn,  recently  awarded  tho 
contract  for  ten  powerful  locomotives  to  Messrs.  J.  A.  Matfei,  of 
Munich.  These  engines  will  not  be  of  German  design,  but  will 
approximate  very  closely  to  locomotives  built  and  building  for 
the  South  Africa  railways  at  Glasgow,  Leeds,  Newton-le- Willows, 
Darlington,  and  other  locomotive  building^shops  m  this  country. 
They  are  to  be  constructed  according  to  designs  prepared  l>y 
the  chief  mechanical  engineer  of  the  South  Africa  railways.  The 
question  of  early  delivery  was  the  determining  factor  in  this  order 
being  placed  outside  Great  Britain,  as  was  the  case  in  the  placing 
with  a  Berlin  engineering  firm  of  an  order  for  ten  main  line 
express  passenger  locomotives  for  the  South-Eastern  and  Chatham 
Railway  Company ?  announced  last  month. 

Freezing  Method  of  Shaft  Sinking.  ―  The  freezing  at  the  new 
Harworth  Colliery  will  consist  of  putting  down  bore  holes  in  a 
circle  around  the  site  of  the  proposed  shaft,  and  by  means  of  a 
freezing  mixture,  a  solid  circular  wall,  eleven  feet  in  thickness, 
will  be  formed,  and  this  will  be  impervious  to  water.  Around  eacli 
shaft  will  be  described  a  circle,  90ft.  diam.,  and  within  the 
circumference  of  the  circle  will  be  laid  a  little  endless  railway  line, 
upon  which  four  drilling  machines  will  be  placed,  all  drilling 
simultaneously,  and  each  moving  on  from  point  to  point,  until  the 
complete  circle  of  holes  has  been  bored.  The  boring  will  be  done 
by  rapid  rotary  machines.  The  system  ha^  been  found  successful 
in  the  Westphalian  coal  fields,  where  there  has  been  as  much  as 
400  yards  of  water-bearing  strata  to  cope  with,  whereas  at  Har- 
worth  there  is  only  120  yards  to  deal  with.  The  contract  for  the 
sinking  has  been  let  to  a  German  firm  at  Essen,  and  operations 
will  be  begun  as  soon  as  the  necessary  equipment  has  arrived. 
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The  Industrial  Uses  of  Coal  Gas.  .Mr.  II.  M.  Tliornton,  v'u-v  i-Uawnmn 
； m(l  i»i:，ii;iging  (lin、('t(>r  of  tli(、  Ki(.hmo"(l  G;i、  Stove  ； ind  M'  t'-r 
Company,  Ltd.,  liOtulon,  in  a  lvccnt  lectmv  on  this  sub.jcrt,  said 
tlio  continued  iiicrcaso  in  the  consumption  of  gas  tor  industinil 
work  by  the  well-known  progressive  manufactun'i\s  in  this  and 
other  (-ountries,  showed  clearly  that  it  was  regarded  as  being 
('kh,'r  moi-o  (M-ononiical  tlian  othor  fuels  i'm'  lu-;itiug  pm'i 議 's，  or 
thnt  tlio  work  was  accomplished  better  and  more  quickly.  As  a 
matter  of  fact,  it  was  because  gas  was  found  to  be  both  i"or(' 
economical  ； uul  more  sat isfactory  in  its  nssults  tliiin  (>U"'r  Im'ls' 
tlint  its  1 1  so  was  l"、('(>ming  increasingly  popular.  Tin*  (lay  w;is 
coming,  atid  not  far  distant,  when  the  gas  industry  would  "mrr 
and  moro  avail  itself  of  the  storage  and  distrihution  of  cokp  "v,"i 
When  that  became  an  accomplished  fact  in  this  country,  ;is 
it  had  already  b(、 (垂 (、 in  IMienisli-Westphalia  on  a  lar^o  scale, 
then  gas,  popular  as  it  was  for  industrial  work,  would  1"、  usod  im 
the  very  largest  furnaces  which  at  pros(Mit  u"iv  fiiv(l  with  ha rd 
fuel. 

Scarcity  of  Pig  Iron  in  Russia.— According  to  tl"、  Hoat'd  of  Tiade 
Journnl,  the  Board  of  Trade  are  now  in  receipt,  tliiou^li  tlic 
Koiei^n  Office,  of  information  to  the  effect  that  the  Bill 
iMiibaclying  the  recommendations  of  tho  C1onf*M-oiico  appointed  to 
consider  the  question  of  the  scarcity  of  pig  iron  in  Kussi:i, 
proposes  to  empower  the  Council  of  Ministers  to  authorise/  on 
separate  application  in  each  case,  the  importation  fiom  abroad, 
until  December  31st,  1915,  at  reduced  rates  of  Customs  duty,  of 
pig  iron  for  the  needs  of  the  metallurgical  industry  to  a 
maximum  quantity  of  15,000,000  ponds.  The  Bill  further  imtlun  isrs 
government  departments  and  the  private  railways  "to  avail  thorn 
selves  of  the  services  of  foreign  industry  at  reduced  rates  of 
Customs  duty."  It  is  stated  that  the  Ministry  of  Commerco 
propose  to  limit  the  application  of  the  import  facilities  to 
castings,  forgings,  and  furinice  mouldings,  girders  and  sleepers, 
rails  of  all  kinds,  assorted  and  shaped  iron  and  steel  of  all  kinds, 
iron  and  steel  wire  of  all  kinds,  sheet  and  universal  iron  and  steel, 
and  railway  rims  and  axles. 

Rescue  Work  in  Mines. ― In  the  printed  Parliamentary  pajxrs, 
Mr.  McKenna  replies  to  two  questions  respecting  the  new  Home 
Office  regulation  in  regard  to  rescue  apparatus  in  mines.  He  says : 
" The  reference  on  the  mine  owners'  objection  to  the  regulation 
proposed  by  the  Home  Office  has  been  partly  heard,  but,  in  the 
course  of  the  proceedings,  an  arrangement  was  come  to  which,  if 
generally  accepted,  will  render  the  further  hearing  unnecessary. 
Under  this  arrangement  the  owners  agree  that  self-contained 
apparatus  shall  be  provided,  and  the  rescue  brigades  trained  in 
its  use,  and  an  alternative  system  for  the  establishment  of 
rescue  briga  des  will  be  admitted  by  which,  in  place  of  lor-nl 
brigades  at  the  collieries,  as  at  present  required,  permanent 
brigades  will  be  maintained  at  the  central  stations,  and  one  or 
more  men,  according  to  the  size  of  the  colliery,  will  be  trained  ； it 
each  mine  to  act  with  the  central  brigade  when  summoned  to  the 
mine.  This  system  has  the  important  advantage  of  securing 
brigades  more  highly  trained  and  efficient  than  a  local  brigade, 
with  only  occasional  practices,  can  be,  and,  as  the  central  station 
must  be  within  ten  miles  of  the  mines  which  it  serves  and  in 
telephonic  communication  with  them,  and  must  also  be  provided 
with  a  motor-car  in  constant  readiness  for  transporting  the 
brigades,  the  central  brigades  will  be  able  to  reach  the  mine 
almost  as  quickly  as  the  local  brigade.  It  will  be  necessa r y  to 
propose  fresh  rules  to  carry  out  the  arrangement,  and  this  will  ！ ,(> 
done  immediately." 

British  Engine,  Boiler,  and  Electrical  Insurance  Company,  Ltd. ― At  tlie 
annual  meeting  of  the  above  company,  held  in  Manchester  on 
Tuesday,  March  10th,  the  chairman  (Mr.  Longridge)  in  moviii^ 
the  adoption  of  the  report  and  balance-sheet,  remarked  that  as 
regards  premium  income  there  had  been  a  satisfactory  increase 
in  each  separate  department  of  their  business,  but  there  had  also 
Iwi  an  increase  in  claims.  In  calculating  the  loss  ratio  for  their 
class  of  business,  the  cost  of  inspection  must  he  added  to  actual 
disbursements  for  claims,  and  the  figures  showed  that  the 
insurance  of  electrical  plant  was  more  costly  than  even  the 
insurance  of  engines,  which  again  was  very  much  more  costly  than 
insurance  of  boilers.  The  maintenance  of  an  efficient  start'  tor  tl"' 
work  of  inspection  was  of  course  an  expensive  matter,  hut  any 
reduction  under  this  head  would  inevitably  result  in  an  increase  of 
claims,  and  that  inspection  was  appreciated  as  a  preventive 
measure  was  shown  by  the  very  satisfactory  way  in  which  firms  con- 
tinued to  renew  their  policies  even  though  for  a  sequonco  of  yoars 
there  had  been  no  claims  to  be  paid  on  them.  The  great  increase 
i"  the  volume  of  work  had  necessitated  removal  to  new  and  more 
(oi 誦 odious  premises  at  the  corner  of  Fennel  Street  and  Long 
Militate,  which  it  was  hoped  would  he  occupiod  within  tli^  next 
six  months.  It  was  agreed  to  pay  a  dividend  of  os.  and  bonus  of 
3s.  per  share,  which,  after  transferring  £10,(M)0  to  reserves,  would 
leave  £"2,818  to  bo  carried  forward  to  next  account.  Sir  George 
Hayter  Ghubb  and  lUr.  Norman  Fl^tchor  、、,'rt、  r,'  as 
directors,  and  Messrs.  P.  &  J.  Kevan  were  reappointed  as  auditors. 


Swan,  Hunter,  &  Wigham  Richardson,  Ltd.  At  lln-  "mni.,1  hi.tuh- 
of  this  firm,  held  a  few  days  ago,  Dr.  G.  H.  Ilmit<*r  in 
moving  the  adoption  of  the  "'port  said  :  Tl"'.v  liud  lauiu'hed  21 
shi])s  duriu<r  the  year,  whicrh  <'orr(»sp',i"l"l  、、  itli  18  ships  and  tli  i 
floating  docks  lauticlied  in  1912.  Thf»  tonnagi*  of  tlios*'  v'w'K  、、； i  ， 
107,000  as  corni)arod  with  120, lo2  in  1912.  Tho  iiirlicaU-fl  horsr 
power  of  the  ships  l:iim(  li''d  w  a.s  1()"，J:' 力， \\  liich  was  an  indicatifin 
of  the  cla.ss  of  vessel  built,  and  oompaifH]  hi  von  ra  lily  with  th** 
output  of  any  other  shiplxiildin^  firm  in  thr  worhl.  I"'、t  、"： 11- 
oiit|)iit,  rodiicwl  us  it  was,  was  "ill  law  '»n( 川 to  crintci  n|irni 
them  wliat  was  called  tl"，  l，lm'  liljanrl,  which  thf\v  had  l" 小 I  f<»r 
three  •、• 《'； u's  in  siic(*<\ssion.  1 1  they  adflcd  Masses.  Hai  f  hiy,  (  'hi  l*-'s 
output -- 4 o,()()0  tons 一 their  total  would  h:i 、、'  hfcti  v'-rv  rmi<  ii 
greater.  Ho  could  not  help  saying  that  some  classes  of  their 
eini)loyes  had  worked  v^vy  Ijadlv.  Tlicy  liarl  not  um.l"'d  on  an 
average  more  than  37  hours  per  \vo<^k.  Referring  to  tho  qiifsi  ion 
of  tho  developing  of  the  Diesel  oil  (''igi'i",  pjirticiilarl v  in  rr>n 
nection  with  their  Neptuno  works,  said  tluit  tlicso  works  h;ul  Ii;kI 
considerable  success  with  these  oil  engines,  and  thoi^h  th*' 
demand  for  this  type  of  engine  had  lulled  for  the  moment,  mainly 
because  of  the  increased  cost  of  oil,  and  partly  because  of  the  warit 
of  success  of  some  of  the  earlier  engines,  still  ho  felt  that  demmul 
would  be  renewed,  and  they  were  in  the  happy  position  of  h«-iim 
able  to  meet  it  when  it  took  place.  Both  Messrs.  Swan,  Hmit'  r, 
and  Wighain  Richardson,  and  Mossrs.  Barclay,  Curie,  &  Co.  had 
taken  a  leading  part  in  the  development  of  this  clas.s  of  . 
and  the  new  works  in  Glasgow  in  which  th(\v  were  iiit''r"、t*  'l 
were  specially  laid  out  for  building  oil  engines  of  large  capacity 
such  as  would  doubtless  be  required  for  war  vessels. 

New  Developments  in  Shipbuilding.-  Mr.  Fr("l.  J.  St"pli'  ii  (•、,;, i, 
man  of  the  Technical  Committee  of  the  Britisli  ( 'orporatif>n  ittv  tin- 
Registry  of  Shipping,  in  submitting  his  report  at  the  annual 
meeting,  said  each  year  resembled  its  predecessor  in  presenting  a 
constantly  increasing  volume  of  work  and  a  variety  of  technical 
points,  including  some  entirely  new  propositions  in  connection  、、ith 
shipbuilding  or  marine  engineering.  The  past  year  had  boon  no 
exception  to  the  rule.  Several  vessels  had  been  in  service,  whicli 
carried  bulk  oil  in  cylindrical  tanks  stewed  vertically  or  hori- 
zontally in  the  hold,  and  there  were  under  construction  m;i u\ 
vessels  which  contained  a  development  of  the  idea  in  the  fm  m  of 
cylindrical  tanks  of  the  largest  possible  diameter  built  into  the 
ship.  This  avoided  altogether  the  costly  and  troublesome  systems 
of  stiffening  which  were  necessary  to  flat- sided  tanks.  The 
tendency  to  specialise  was  illustrated  by  three  vessels  Avhicli  、、  (".(' 
built  and  building  for  Messrs.  Lang  &  Fulton,  Greenock,  and  u  ('r*' 
intended  for  the  carriage  of  steel.  Those  vessels  had  each  one  lon^ 
hold  and  one  long  hatchway,  and  were  so  constructed  that  tho 
girder  work  which  provided  the  necessary  transverse  strength  and 
stiffness  in  way  of  the  long  hatch  way  also  formed  a  cargo  space  in 
the  middle  of  the  ship,  Avhicli,  by  restricting  the  width  over  u  liir  h 
the  cargo  could  be  stowed,  raised  the  height  of  the  cargo  and  tl"' 
position  of  the  centre  of  gravity,  thus  making  the  vessel  much 
more  comfortable  at  sea  than  was  possible  with  the  ordinary  dis- 
position of  heavy  cargo.  The  Technical  Committee  had  had  tho 
rules  under  revision,  but  had  found  no  reason  to  depart  from  their 
main  features.  A  distinct  advance,  however,  had  been  made  in 
the  regulation  for  the  attachment  of  the  t'r;im"、  Xo  the  tank  、id«'、. 
a  matter  to  which  the  committee  had  always  attached  great 
importance.  A  rule  had  also  been  introduced  in  which  the 
stiffening  of  shaft  tunnels  was  based  on  a  more  accurate  approxi- 
mation to  the  w  ater  pressures  to  which  they  might  be  subjected  in 
case  of  accident  than  that  obtained  under  the  somewhat  crude 
methods  which  had  been  ordinary  registry  practice  for  so  many 
years.  The  sub-committee  on  internal-combustion  engines  con- 
tinued to  give  consideration  to  the  provisional  construction  rules 
whioh  had  been  issued  by  the  society  with  the  object  of  making 
them  as  nearly  as  possible  a  satisfactory  embodiment  of  present 
experience.  They  hoped  soon  to  bring  their  labours  to  a  con- 
clusion. 

The  Motor  Tank  Ship  "  Sebastian." ― The  new  oil  tank 
steamer  "  Sebastian,"  built  by  the  Caledon  Shipbuilding 
Company  at  Dundee  and  engined  by  the  Aktiebolaget  Diesels- 
Motorer  of  Stockholm,  recently  sailed  from  London  on  her 
maiden  voyage.  The  vessel  is  fitted  with  two  main  Diesel 
engines  having  six  cylinders  of  16in.  diani.  and  22iin.  stroke, 
and  each  developing  800  h.p.  at  165  revs,  per  minute.,  on  a 
fuel  consumption  of  7i  tons  of  oil  a  day.  They  are  of  the 
two-stroke  cycle  open  type.  Owing  to  the  use  of  cylinder 
ports  the  only  valves  in  the  cylinder  crown  are  tlie  injector 
and  relief  valves.  The  overhead  camshaft  drives  only  the 
fuel  valves  and  the  fuel  pumps.  Fresh  water  is  employed 
for  cooling  the  pistons,  and  is  itself  cooled  by  the  incoming 
sea-water  destined  for  the  cooling  of  the  cylinder  jackets  and 
exhaust  main.  The  cooling  pumps  are  driven  by  the  main 
engines.  An  emergency  air  compressor  is  worked  by  a  Diesel 
engine,  but  all  tlie  remaining  auxiliaries  are  steam  driven. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  wc  shall 
be  phased  to  forward  enjyirs  post  free  "tt  rrrript  of  Wd.  Ad<ht  ss 
•'  Mrrhanimi  /';"!〃','〃'，，，  f>3,  New  Bailry  Strrrt,  Ma  nvhfster. 


MECHANICAL  1912. 

transmission    ge:ir   tor   im、、er- drive"  vehicle: 


s.     Mrrs.     '一) "188. 

rke  A-  Bronn.    2905] . 


； ml 

15781. 

Cnitrifupil  jnuiips,  ti"'l"'"、s,  and  coinlotist 

Matmiactmo  ot  stool.     H<>inl>;u  lior  11""""、、 

1913. 

Varial»lo  speed  fi  ietion  u«';u  in-:.     Wolt'ord  iV  AVoltord.  I 

Workmen's  time  recorders.    Gledhill.  914. 

Apparatus  for  utilising  exhaust  steam.    AVjuhi^nki.  1*37. 

Internal-combustion  engines.    Lindsay  A:  Oliver.  1107. 

Superheating  systems  for  water-tubo  boilors.  Vulcan  Werke  Ham- 
burg und  Stettin  Akt.-Ges.  3681. 

UniversiU  and  ball  joints  for  niiU'lniicry.    Nicholson.  3922. 

Fuel-injection  apparatus  for  iuternal  combustion  engines.  Naylcr, 
Nayler,  &  Nayler.  4049. 

Rotary  under-reaming  bits  for  boring  wells.    Redfern.  4165. 

Variai)le  speed  gears.    Stunicr  A-  Hill.    4  1 

Speed-control  apparatus  for  mechanically  propelled  vehicles . 
Grafton.  4458. 

Evaporation  of  liquid  and  apparatius  tliorctof.  Soc.  <rKx])]oitatu>ii 
d*'  Pr(><'('<los  Kvaitoratoircs  Svstonio  Praclie  iV:  Bouillon.  451o. 

Carburetters  of  the  internal-combustion  engine  type.  Gower. 
4599. 

AVater  boaters.    Juliemu'  A:  C'hambeis.  4785. 

Hydraulic  transmission.    Constantiiu^u.  2. 

Intonial-combustion  percussive  nuu-liino.    Scott.  5  1 1(>. 

racking  '  '"^^  tor  pistons.    Gaskell.  5017. 

Intrriuil  combustion  engines.    Peytourcau  ot  ('k、.    57 Ki. 

Stinting  of  internal-combustion  engines.    Tate.  5818. 

(,h;"ii  coal  cutting  niacliint's.    Sutcliffo.    OdL*  t. 

Pl;i nt  for  recovery  of  zinc  from  zinc-  ores.    l{oitzh«*ini.    ' u  / 1 . 

Firing  furnaces  Avith  pnlvtM-isod  i'nol.    linmncr.  7*— ,('7. 

Process  of  dressing  ores  by  moans  of  gas.    Tak^da.  7272. 

Signal  swstt'ms  for  railw  ;iys.     Marl".  7585. 

Tachometers.    Hoeft.  8593. 

Appacatus  for  the  introduction  of  "att'r  or  other  li<|uids  into 
cyliiiders  of  internal-combustion  "ii^i'u's.     Jnckson.    8' 1  I. 
Pipe  joints.    Picken.  9231. 

Internal  combustion  motors.    Medi n<i<T.  10668. 
Strain  tutbine  installations.     、'； 、rr(,u.  KHMIS. 
I  frntiiiLi  of  combiistion  an  .    Gabriel.    11 W). 
IiiternaU'ombustioii  engines.     Roots.  12171. 

Cooling  and  scavenging  cylinders  of  internal-combustion  on^inos. 

Collins,  Kerr,  A:  K'ism'U.  12316. 
SntVty  valves.    Ross  and  E.  L.  Ross  A-  Co.  lti*H*>. 
l-'u'-l  spni.viii^:  devices  for  the  carburetters  of  internal  comlmstinM 

engines.    McMahon.  12729. 
Tw  o  speed  toothed  gear  driving;  lrcclianisin.    Goode.  12747. 
Liquid  f  nol-spraying  devices.    Ha  mill.    1 27(i-">. 

Fuel-injecting  devices  for  oil  engines.   Gardner  A'  Gnrdnor.  128S1. 
T、vo~cycle  gas  engines.    Daniel.  13457. 
Lifting-jacks.    Ai'on  &  Aron.  13815. 

Generation  of  combustion  products  ，m(l"r  prtwro.  Dresser. 
16846. 

Sparking  plugs.    Marks.  17514. 

A  la  king  or  refining  steel.    Humbert.  1811". 

F>iqu id-fuel  burners.    Smith.  18-371. 

!)«  \-icos  tor  atomi^in^  liquid  fuel.     Hotni;nm.  18(il(). 

Hydraulic  motors.    Miyaros.  19187. 

! nt (Mnal-conibustion  turbine  enginrs.     K titles  it  Like. 

Power  <  ylinders  for  i ntci'n a  1-com U 1 1 st i < t n  engines.    Iliolile.  21581. 

Apparatus  for  charging  coke  ovens.    Puschmann.  227G3. 

Mechanism  for  the  linear  transmission  of  po^ or.    W.  Butchet'  and 

Sons,  Ltd.  and  Butcher.  23472. 
Indicating  the  level  of  lubricating  oil  in  ongine  criink  cast's.  Buck. 

24287. 

(Hutches.    Harpers,  Ltd.,  and  Mowat .    ^ 1 725. 

( ntting  tools  for  use  in  lathos.    Gardner.    25382 . 

(>，  '•  roasting  furnaces.  Bracq. 

Tia in-stopping  devices.    Hudson.  27179. 

Air  pressure  brakes.    Geb.  Korting  Akt.-Ges.  286()(>. 

1914. 

Cutting  discs  for  metal-cutting  machinos.  MaiWVerke  Akt.- 
Ges.  674. 

ELECTRICAL,  1912. 

Kloct rif  hauling  plant.    Akt.  CI,、s,  Brown,  Bovori 


1913. 

Pilectrical  accumulators.    Do  Sctlm'tf.  106G. 
Automatic  electric  supply  syst*M»is.    Jicitner.  1413. 
lenses  for  nso  in  olectric  circuits.     Hpagnoletti,  Ltd.,  and  Joyce. 
3111. 

Damping  devices  for  measuring  iiKstruments.  Bivitingcr. 

Electric  taclionK-tcis.     卜 fopkins.  1(;7】. 

Kloctrodes  lor  electric  t uriiaccs.    Scott.    4723  ；)] id  1721 . 

-、 i，'i"is  of  regulating  arc  furnaoos.    Scott.  I72~>. 

A pj>;i rains  cmployod  for  wireless  tpl'w'iiph.v.     ( 'li;， ml"、rs.  1777. 

Kloctric^I  oi  cUm"  triUKsniittiu^  s\  sloms.     Gi  ;i!iain  A:  \\ ickcts.  1H'」P. 

Dvnauios.    V;m(k»rv«'ll  A'  M id^K-v.  5014. 

Subnuirinc  si<rnallin*j;  ;i))]>ni  iit  us.     Marks.  o2o0. 

Secoiidiiry     l>ii tt<M'i<»s.       Ht'ap,   and    (;lilori(k'   KK'ct ric;i  1  Stm 

Company.  6462. 
卜， iim's  for  electric  cinMiits.    Siemens  S<*l)tH'kei  twerke  Ges.  (3880. 
KliH-ti'ic  switches.    Liiii(U>«'rg,  IjUiullxMg,  LiiikIVkt^:.  A:  70S"). 
Material    suitable    for    electrical    insulation.      British  'J'liomson 

Houston  Company.  8417. 
Electric  contact  makers.    Bla^k.  8o01. 
I  licandesceiit  olocti'if  lamp.    Giiusti.  8oG8. 

Prepayment  automatic  telephones.  Breguot,  and  K  re  res  Br，w't, 
et  Cie.  8615. 

Apimcatiis     ior     clt'ctric     li^iitinu;,     heating,     and     vent  ilat  in^ 

of  rail  way  cjn'ria^cs.     l^orj^iisoH  A:  Johnstone.  9009. 
Klectrir  "insm.mg  instrimKMits.    Pliiliips  &  Smith.  13844. 
I'vlcctric  switches.    ( 'otituT  A-  Knlil.  14816. 

Arrangements  for  producing  electro-magnetic  oscilla  h'»，'、 
Ditchain  and  Gi  iiidell Matthews  Wireless  IVlt'plmii'-  Sviulicalc. 
L£d.  14927. 

Mt'asuriiig   instiiinioiits    tor    lii^Ii-frequencv    cu  neiit.s.  Sionictts 

Bros.  &  Co.  3712(i. 
I^lectric  'starting  dvicc  for  iiiternal-conilnistion  engines.  J{onault. 

18252. 

I':i''<  tric  tr;i  nstonncrs  ； ui(l  w  elding  and  .smelting  apparatus.  Afack. 
19512. 

I'nl\  pluiM1  ciinciit  ltiotor  stnrters.    Voigt  &   HaofFner    A kt.-Ges. 

( 'ircuii    ； H  i  ang<MM*Mit.s    ior    semi-juitoinatic    telophono  sv.stoms. 

Siemens  A-  Halsko  Akt.-Ges.  217(>(i. 
( 'ontact  breaker  tor  ni;i^tn'lo  oloctric  ignition  apparatus.     Ij  nimi 

werke  Aloa  Ges.  Elektrotochnische  Fabrik  Ei.souwerk.  2:173!). 
Automatic  l'c^iilatin^,  <levi<-es    iur   electric    distribution  systems. 

British    Thomson  Hoii^toi)    ( 'ompanv,     and    .AIcC'm rtliv  Joiu-.s 

25103. 

Submarine  signal  receiving  ap]>ar;itus.    Beiger.  20207. 
Arc  lamp's.    A.  W.  Penrose  &  Co.,  and  Owen.  20U13. 
Telephone  oxclninge  swit<*li  Ixjnrds.    Graham.  27754. 
Arc  lamps.    Korting  &  Mnthiesen  Akt.-Ges.  27878. 


METAL  QUOTATIONS. 

TUESDAY,   MARCH  10th. 

Almniiiimii  ingot    80/-  per  cwt. 

,,         wire,  according  to  sizes,  &c  from  112/-  ，， 

, ,         sheets        ，  ，            ，  ，                     ，  ，  112/-       ， ， 

Antimony                                               £27/10/-  to  £29/10/-  per  ton. 

Brass,  rolled   7[d.  per  lb. 

,，     tubes  (brazed)    l^d. 

，，        ,，     (solid  drawn)   8'd.  ，， 

，,       ，,      wire    7|d.  ，， 

Copper,  Standard   £64/-/-  ptr  ton. 

Iron,  Cleveland   50/ 4-.1,-  ,， 

，， Scotch   5G/4f  二 

Lead,  English    £20/ V°  ，， 

，， Foreign  (soft)    £20/2/ (i  ，， 

Mica  (in  original  cases),  small    (id.  to  3/-  per  11*. 

，，            ,，            ，,       medium   3/6  to  (i/-  ,， 

，，           ，，           ,，       large    7/G  to  〗1/- ,， 

Quicksilver   £7/10/-  per  bottle 

Silver   20^|d.  per  oz. 

Spelter    £21/10/-  per  ton. 

Tin,  block   £172/10/- ,. 

Tin  plates,  I.C   13/3         per  box. 

Zinc  sheets  (Silesian)    £24/15/-    pvr  ton . 

,,           (Stettin  ；  Vieille  Montagne)   £25/2/6  ，， 


Examinations  for  Smoke  Inspectors. ― Examinations  for  smoke 
inspectors  have  been  established  by  the  Royal  Sanitary  Insti- 
tute, and  are  arranged  to  be  held  in  several  centres  in  1914. 
The  syllabus  includes  those  subjects  with  which  it  is  neces- 
sary that  smoke  inspectors  should  be  cognisant  iu  order  to 
carry  out  their  duties  satisfactorily,  and  a  theoretical  as  well 
as  a  practical  knowledge  of  the  administrative  duties  is 
iv(|uirecl  in  order  to  pass  the  examination. 


March  20,  1914] 


THE   MECHANICAL   Ei\GI\ JvJvk. 


=FLEXIBLE= 
METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,    Highest    Pressures,    Oil  Pumping 
Air,  Gas,  &c.  (a 


ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD   OFFICE : 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
Works :  PONDERS   END,  MIDDLESEX. 

Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 


The  "  PERFECT"  VISE 


e.  Dept.       J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 

Fowler's  Mechanics  &  Machinists' 
Pocket  Book  and  Diary,  1914， 

Thoroughly  Revised  &  brought  up  to  date. 

The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  thousands  w  ere  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 
Price  8d.  post  free. 

SCIENTIFIC   PUBLISHING  COMPANY, 

53,  NEW  BAILEY  STREET,  MANCHESTER. 


Telegrams:  "Scientific,"  Manchester. 
Telephone  No.  0055  City. 

SUBSCRIPTION  RATES. 


United  Kingdom  ：  12/6  per  annum,  post  free. 
Canada :  14/6  per  annum,  post  free. 
Anywhere  Abroad:  — 

17/6*  per  annum,  post  free.    Thin  paper  edition. 

*  21/-*       "  "  Thick  ，， 

*  Foreign  Remittances  by  International  Money  Order  only. 
Note.— Direct  annual  subscriptions  include  a   Free  Copy  of 

Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  i 川 val 山' in  th'  S.  i.-ntific 
1  ubhshing  Company,  and  forwarded  to  our  Manchester  Office, 
53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


The  Revocation  of  Patents. 

The  working  of  the  patent  laws  has  always  provided  more  or 
less  thorny  matters  of  dispute.  This  is  to  some  extent 
inevitable  with  any  law  that  seeks  to  regulate  monopoly  and 
adjust  the  claims  of  those  who  possess  it  with  the  claims  of 
those  outside,  i.e.,  the  rest  of  society  who  grant  the  monopolv. 
Such  a  grant  is  not  au  ideally  perfect  method  of  rewarding 
;ui  inventor  for  the  benefits  he  confers  upou  fellow-men,  but 
it  is  the  best  practical  method  so  far  discovered  for  inducing 
an  inventor  to  reveal  or  make  '  patent  "  the  outcome  of  his 
ingenuity  or  experiment  so  that  it  becomes  eventually  a 
portion  of  the  common  stock  of  hunian  knowledge.  The 
duration  and  extent  of  such  a  monopoly,  and  the  method  of 
procedure  to  secure  it,  differ  in  different  countries,  though 
the  principle  of  granting  patent  rights  to  inventors  in  return 
for  prospective  benefits  to  the  State  is  common  to  all.  The 
State,  in  this  country  at  all  events,  has  not  always  regarded 
the  relations  between  the  patent  department  and  inventors 
as  a  question  of  ethics  so  much  as  a  means  of  raising  revenue, 
and  patents  were  granted  to  all  and  sundry  provided  iljev 
paid  the  fees,  regardless  of  the  mutual  obligations  which  led 
to  its  establishment  in  the  first  instance.  Patents  were 
granted  for  anything  or  to  anybody,  were  thev  Britishers  or 
foreigners.  The  fact  that  the  object  of  the  grant  of  a  patent 
monopoly  was  to  benefit  the  trade  and  iiulust rv  of  a  count rv 
ultimately  was  lost  sight  of,  and,  under  the  regulations,  it  、v;" 
possible  for  serious  iiijustioo  to  be  inflicted  on  British  subjects, 
since,  under  our  procedure,  patents  could  be  secured  and  >u 
worked  as  to  prevent  anyone  taking  up  the  mauufacture  of 
the  patented  article  in  this  country.  In  connection  with  the 
chemical  and  dyeing  industries  this  objectionable  action 
became  so  flagrant  that  in  1907  an  amending  Act  was  passed 
by  Parliament  to  correct  this  abuse.  Section  27  of  this  Act 
provides  that  a n v  person  may  at  anv  time  after  four  vea rs 
from  the  date  of  the  pateut  apply  to  the  Couiplroller  for  iU> 
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revocation  upon  the  ground  that.  1  he  patented  article  or 
process  is  manufactured  or  carried  on  mainly  outside  the 
United  Kingdom.  Though  this  section  does  not  difYereuti^le 
between  the  nationalities  of  patentees,  its  intention  was 
to  prevent  the  holding  of  restrictive  monopolies  by  foreigners 
who  used  their  British  patents  merely  as  a  means  of  stifling 
com  petition  in  this  country  without  employing  British  labour 
or  stimulating  British  enterprise,  and  which  in  certain  direc- 
tions, as  we  have  stated,  had  become  a  scandal.  It  is  always 
much  easier,  however,  to  recognise  a  social  wrong  than 
it  is  to  devise  a  legal  remedy,  and  it  would  appear  that 
the  effects  of  the  Act  are  not  fulfilling  the  intentions  of  its 
promoters,  and  considerable  dissatisfaction  is  felt  in  conse- 
quence. This  has  found  expression  at  the  meetings  of  various 
Chambers  of  Commerce,  and  at  the  annual  meeting  of  tlie 
association  a  resolution  was  passed  calling  for  further  amend- 
ment on  the  ground  that  a  legal  interpretation  which  threw 
the  onus  of  proof  that  a  patent  was  not  being  properly 
worked  on  to  the  applicant  for  revocation  and  not  on  to  the 
patentee  had  practically  rendered  the  Act  a  dead  letter.  The 
resolution,  however,  was  not  accepted  unanimously,  and  there 
is  no  doubt  difference  of  opinion  exists  as  to  whether  the 
onus  of  proof  should  rest  with  the  patentee  or  with  the 
applicant.  There  is  something  to  be  said  on  both  sides.  On 
tbe  one  hand,  a  patentee  might  be  harassed  if  it  is  open  to 
ny  com mon  informer  to  institute  frivolous  applications  for 
revocation,  and,  under  the  pretence  of  enquiry,  be  called 
upon  to  reveal  information  wliich  he  would  prefer  to  keep  to 
himself  on  ordinary  business  grounds.  On  the  other  hand, 
to  secure  sufficient  evidence  to  establish  a  prima  facie  case 
against  a  delinquent  patentee  who  is  under  no  obligation  to 
reveal  anything  might  be  so  expensive  and  troublesome  as  to 
practically  deter  anyone  from  instituting  revocation  proceed- 
ings. Be  the  cause  what  it  may,  a  big  decline  has 
occurred  in  revocation  cases.  In  1908，  the  year  after 
the  Act  was  passed,  15  applications  for  revocation  were 
made.  Of  these,  2  were  abandoned,  2  revoked,  and 
1 1  were  left  pending.  In  1909  there  were  55  applica- 
tions, of  which  27  were  abandoned,  丄 1  had  revocation 
granted,  while  5  were  dismissed.  In  1910，  the  year  following 
the  decision  by  Mr.  Justice  Parker  wliich  threw  upon  the 
applicant  instead  of  on  the  patentee  the  onus  of  proof,  only 
six  applications  were  made,  of  which  three  were  abandoned, 
one  was  revoked,  one  was  dismissed,  and  one  remained 
pending.  In  1911  the  applications  numbered  only  five, 
and  of  these,  revocation  was  granted  in  two  cases. 
In  1912  the  applications  had  dwindled  to  tliree,  in 
one  of  which  the  patent  was  revoked  by  consent, 
the  second  was  withdrawn,  and  the  other  left  pending.  It 
will  be  obvious  from  a  glance  at  these  figures  that  whatever 
the  cause,  the  applications  for  revocation  have  practically 
dwindled  to  zero.  It  may  be  that  there  has  ceased  to  be 
justification  for  such  action,  though  the  associated  Chambers 
of  Commerce,  judging  from  their  attitude,  do  not  apparently 
take  this  view,  or  it  may  be  that  the  casting  of  the  onus  on 
to  the  applicant  has  prevented  the  institution  of  frivolous 
proceedings,  of  wliich  the  figures  for  1909  afford  some 
evidence,  seeing  that  27  out  of  the  55  applications  were 
abandoned.  The  drop  from  55  to  6  applications  in  the 
following  year  is  certainly  striking,  and  the  extent  to  which 
it  is  due  to  the  suppression  of  frivolous  cases  or  to  the  diffi- 
culty and  expense  of  establishing  them  is  not  clear.  Possibly 
both  causes  may  be  operative.  There  is  no  reason,  however, 
why  the  intentions  of  the  Act  should  not,  as  far  as  possible, 
be  carried  out,  and  it  may  be  that  in  so  far  as  any  real  injustice 
does  exist  it  may  be  possible  to  largely  remedy  it,  as  the 


President  of  the  】3oat'd  of  Trade  informed  a  deputation  J'rom 
the  Commercial  Coimnittee  of  the  House  of  Coinmoiis,  l)v 
modifying  the  rules  under  present  powers. 


STORAGE  BATTERY  MOTOR-CARS  ON  GERMAN  STATE 
RAILWAYS. 

Some  interesting  particulars  of  the  storage  battery  motor- 
cars in  use  on  the  Prussian-Hessian  State  Railways  are 
given  in  an  article  by  Mr.  Weyand,  member  of  the  Board 
of  Works,  Berlin,  in  the  January  Bulletin  of  the 
International  Railway  Congress.  The  first  cars  put  into 
operation  on  these  railways  were  propelled  by  steani,  but 
they  never  proved  popular  with  the  passengers.  In  1906 
designs  were  prepared  and  orders  were  placed  for  two  steam 
cars,  six  storage  battery  cars,  and  one  gaeolene-electric  car. 
Tests  were  subsequently  made  with  the  three  types,  when  it 
was  found  that  the  storage  battery  cars  gave  the  best  results, 
and,  as  a  consequence,  their  use  has  since  been  extended  more 
than  any  of  the  other  types.  According  to  Mr.  Weyand, 
there  were  in  use  on  January  1st,  1913，  137  storage  battery 
cars,  10  gasolene-electric  cars,  and  5  steam  cars,  representing 
a  total  cost  of  more  than  £500,000.  Under  construction, 
there  were  39  storage  battery  cars,  6  gasolene-electric  cars, 
and  2  Diesel-electric  cars.  The  existing  152  cars  ran 
regularly  on  180  separate  sections  of  a  total  length  of  about 
3,077  miles;  the  total  per  week  averages  about  14，170  car 
miles.  There  are  53  stations  and  substations  at  which  the 
storage  battery  cars  are  charged.  The  leading  idea  in  the 
introduction  of  these  motor-cars  was  not  the  desire  to  reduce 
operating  costs,  which  lias  frequently  induced  minor  and 
financially  weak  railways  to  try  motor-cars,  but  the  intention 
to  improve  transportation  in  certain  particulars.  Yet  the 
financial  results  were  by  no  means  unsatisfactory,  ajid  fully 
satisfied  expectations  from  the  very  start.  Overcrowding  of 
the  motor- cars  is  avoided  by  adding  trailers  in  suitable  cases. 

A  question  of  great  importance  as  regards  the  reliability 
of  storage  battery  cars  is  the  maintenance  of  the  batteries. 
The  battery  requires  careful,  constant,  and  expert  attention. 
This  fact  was  fully  recognised  when  storage  battery  cars 
were  introduced,  and  with  one  exception  ~  for  purposes  of 
experiment  ―  the  maintenance  of  the  batteries  was  let  by 
contract  to'  the  manufacturers  who  supplied  the  batteries, 
whose  interest  in  keeping  the  cars  ready  for  service  coiiu-ides 
with  that  of  the  railway.  The  good  results  of  this  nieasui'r 
are  proved  by  six  years  of  collaboration,  free  from  troubles  of 
all  kinds.  It  probably  is  not  exaggerating  to  state  that  t lie 
quick  development  of  storage  battery  car  traffic  on  the 
Prussian-Hessiaa  State  Railways  is  due  to  the  great 
reliability  these  cars  have  been  proved  to  possess,  which  is 
above  all  due  to  this  method  of  settling  the  maintenance 
question.  The  future  will  show  whether  it  will  later  on 
become  possible,  both  technically  and  economically,  to  leave 
the  maintenance  completely  to  the  railway  employes.  Tables 
I.  and  II.  give  the  approximate  results  of  operation  of  these 
storage  battery  cars. 

Table  I. 


Mean. 

Alaximum. 

Minimum. 

25,890 

39,725 

1" 扉 

Average  number  of  passengers  carried. 

27-4 

55-0 

15-3 

Cars  at  work,  in  per  cent  

77*8 

(>f  all  car 

days 

9-0 

Cars  under  repair,  in  per  cent  

13-2 

11, 纏 

27- Sd. 

7-3d. 

IG-OOd. 

1(3.  Od. 

7.3d. 

The  three  chief  items  of  Table  I.，  mean  mileage  per  car, 
mean  number  of  passengers  carried,  and  mean  expenses  per 
car  mile,  very  closely  approximate  the  estimates  worked  out 
before  the  cars  were  introduced.  It  is  worth  noting,  in  view 
of  the  fact  that  it  is  often  stated  that  storage  battery  cars 
are  only  capable  of  poor  utilisation,  that  the  annual  mileage 
of  the  cars  amounted  in  individual  cases  to  nearly  39,768 
miles,  a  value  which  certainly  cannot  be  considered  low.  As 
regards  the  mean  number  of  passengers  carried,  it  may  no 
doubt  )>e  assumed,  leaving  newly-instituted  services  out  of 
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(•oiisi(l<M'at  ion,  1  hat  there  will  1>('  a  gradual  in('r(';iM'，  result  i 
hotli  froiii  1  he  ^rowlli   of  traffic  generally,  and    I roiri    I  lie 
st  imulal  ing  inlhience   of  t  lie   more   frequent   stM  \  i«  ('s  which 
mo")r-('ars  in  man v  inst ances  provide. 


.Mr 

in. 

.Ma\i 

IMIIIl). 

M  mi 
imitM. 

Pence 

W-nrv 

Pciirr  lin- 
ear 

Per  rrnt. 
of  total 

]kt   ca r 
mile. 

mile 

mile. 

Interest  an<l  Jinmrt isul ion 

f  *\       S  (  11 1  1<  )|  1  f  1 1'\       HI  .S  t  Jl  1  lil" 

2.l»0 

('Imiiiiin"  cunciit   

2.. VI 

4. SO 

!.；')(» 

( '(ist  nt  heat  in^;  

0.25 
2.00 

L».  10 

0.35 
:i.2(> 

0.05 
1. 30 

( >[)itu(  in^  cxpcnsi's  ( luln  i- 
cat  ion,  clcaniii^,  at  tcii- 
daiicr  at  char^iiiM  sta- 
tion,          stores,  and 

MaintcnaiKc  of  lmt"'ii('s. 

0-35 

3*  55 

0-85 

including  anioit  isation 

2-50 

1  •  70 

Maintenance  of  (ai's  a  in  l 

their  cquipinciit  ,  exclud- 
ing l>att<'rics   

0-45 

3.95 

1.05 

0-03 

Total  — 

Kt. on 

|l»().0() 

Using  batteries  of  the  same  kind,  cars  are  now  being  built 
for  ranges  of  130  km.  and  ISO  kin.  (80*8  and  111*8  miles). 
In  cases  where  this  is  an  advantage,  the  batteries  of  exist  in^r 
cars  having  a  range  of  100  km.  (62"1  miles)  are  converted, 
wlieu  it  is  necessary  to  renew  the  plates,  so  as  to  have  a  ran^e 
of  130  km.  (80  8  miles).  It  is  self-evident  that  the  weight 
of  the  batteries,  which  for  it  is  an  iinportaiit  part  of  the  total 
dead  weight  of  accuniulator  cars,  is  still  further  increased  if 
the  range  is  increased.  Great  attention  is  hence  devoted  t(, 
attempts  to  reduce  the  weight  of  the  Ijatt cries. 

In  order  to  jneet  tlie  desires  of  the  tra veiling  pul)Iic, 
deviations  from  the  very  correct  principles  that  inotor-cai> 
should  be  as  simple  as  possible,  are  permitted  to  the  extent 
that  in  cases  where  a  separate  second-class  conipartinent  is 
provided,  this  is  in  future  to  be  equal  to  second-class  com- 
partinents  of  ordinary  passenger  trains  as  regards  room, 
comfort',  and  quality  of  the  equipment.  A  new  arrangement 
of  cars  has  also  been  introdxicetl,  nanielv,  a  two-axle  car  with 
driving  axles,  close  coupled  between  the  two  halves  of  an 
ordinary  duplex  accumulator  t'ar.  In  this  wav  room  is 
obtained  for  mails  and  baggage,  and  also  for  a  larger  nuniher 
of  passengers.  Such  an  arrano-ement  consists  of  three  parts, 
and  accommodates  16  second-class  passengers,  40  third-class 
passengers,  and  62  fourth-class  passengers'  (iiR-huling  stand- 
ing room  for  8)  ；  that  is,  a  total  of  1 18  passengers,  and  can 
also  carry  mails  and  luggage.  Thus  it  is  very  suitable  for 
replacing  steam  trains  where  the  traffic  conditions  are  of  this 
kind.  Where  it  is  a  question  of  long  distance,  these  three- 
part  trains  are  fitted  also  with  lavatories.  Three  of  these 
three-part  trains  are  equipped  with  t  he  new  batteries 
described  above,  so  that  they  have  a  range  of  180  km . 
(111'8  miles).  A  similar  train,  to  ca rrv  1 67  passengers,  l>ut 
neither  luggage  nor  mails,  has  also  l)een  introduced. 
Whether  such  large  train  units  consisting  of  accumulator  cars 
will  give  economical  operatin»-  results  remains  to  be  seen. 


ELECTRICALLY-CONTROLLED  PRONY  BRAKE. 

A  single  ]>rony  brake,  wiien  used  to  al)sorh  energy  i'roui  a 
rotating  flywheel,  will  not  orclinarilv  maintain  a  constant 
enorine  speed  even  when  frequently  adjusted  bv  haiui.  This 
is  due  largely  to  the  cliange  in  t  1h*  cooflicieiit  of  friction 
between  the  flywheel  and  the  brake  shoe  caused  l)v  lit'atiii'_',, 
presence  of  oil,  and  by  varying  conditions  of  luhriratioo.  An 
electrically -controlled  dvnaniotiieter  which  will  autoinatirailv 
Ttiaintain  a  constant  engine  speed ,  even  under  the  conditions 
mentioiied  above,  was  described  hv  Mr  Nathan  C.  Johnson 
at  the  annual  meeting  of  the  Society  of  Autoniohile  Kn^ineers 
recently  held  in  New  York  nwd  we  are  in(l*")t("l  i(>r  (he  fol- 


iowint/  pa i*tif!iilar>  to  our  A  nicrn-an  ront''iii|, or"rv，  ' '  TIm* 
Elccirical  World." 

The  principle  of  tliis  mocliliefl  |'ron v  l)rak<-  卜  、Ii(,、vii  in 
Fig.  1.  Instead  of  manually  ； uljustin*;  tli"  "'rip  tlie  l>r;ik<- 
hand ,  t  he  latter  is  autojnat  icill  v  rout  roll^fl  Ijv  an  * 小 n, 
magnet  which  acts  through  a  toggle  joint.  The  excitinj: 
current  for  tliis  magnet  is  furnished  l>v  a  small  rna^iifto 
l)elted  to  the  engine  sliaft.  If  the  cn^in.-  、|"''' 卜 up  slit/hi  1\ 
t  lie  magneto  (h  ives  m()r,'  ''m  n'Mt  tlir'nigli  tlie  elect  n, 
magnet,  thereby  increasing  the  pressure  on  the  lnnkr  Imii'l 
and  restoring  the  engine  sptvd  to  noriiuti.  Tlie  ljrak<*  ami 
rests  on  a  knife  edge  on  the  scale  platform,  and  a  «o!mU'r- 


□  


Fig.  1.— Elkcthm  \i,i,v-(  cinthomj:i>  I'hony  I>hakk  with  Stu.rii  Snoi  . 

weight  overcomes  the  tendencv  of  the  brake  shoe  to  tall 
inwardly  against  the  flvwheel .  The  thrust  of  the  brake  shoe 
caused  by  friction  with  the  flywheel  is  transmitted  in  a  direct 
line  to  the  knife  edge  by  a  compression  member.  No  strain- 
are  caused  in  the  engine  shaft  by  using  this  brake  as  tlie 
thrust  of  the  shoe  is  taken  up  entirely  bv  bearintrs  on  eacli 
side  of  the  flywheel. 

Iji  the  circuit  between  the  magneto  and  electro-magnet 
arfe  an  adjustable  resistance  and  a  \vatt:neter  or  a  volt- 
meter and  aTTinieter.  Bv  varvin^  the  resistance  the  brake 
load  can  be  changed  and  read  on  the  scale  beam  as  usual. 


Fig.  -2.— Flexiulk  Pitoxv  lin.vKr.  Shuk  ai>aft.mu.i-;  to  Klkituh  al  C'onthol. 

The  volt-ampere  readings,  or  watts,  and  the  internal  losses  in 
the  magneto  should  be  added  to  the  brake  readings  to  obtain 
the  total  power  developed  l)v  the  engine. 

Experiments  conducted  at  Cornell  University  with  this 
apparatus  have  shown,  that  there  is  no  perceptible  variation 
in  the  speed  or  load.  If  the  brake  shoe  is  made  flexible, 
as  shown  in  Fig.  2,  it  will  fit  flywheels  of  different  diameter>. 
and  the  heat  caused  In*  friction  will  be  radiated  faster  tlian 
if  a  solid  shoe  is  used.  By  })lr.cing  two  water-cooled  slioes 
on  opposite  sides  of  the  flywheel  the  radiating  surface  can 
be  still  further  increased. 


Fatal  Explosion  at  a  Foundry.  I  )ui mi:  t  in*  '  ； i、ting  of  a 
chilled  ram  at  the  works  of  the  Brightside  Foundrv  and 
Engineering  Companv,  Sheffield,  on  Saturdav  last,  an  explo- 
sion occurred,  whicli  resulted  in  a  colunni  of  molten  metal 
being  showered  on  to  a  gang  of  workmen,  six  of  whom  were 
seriously  burnt,  one  so  severely  that  he  subsequently  died. 
The  cause  of  the  accident  is  at  present  not  known. 
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BOOK  REVIEWS. 
Handbook  on  the  Steam  Engine.  By  Herman  Haeder.  Trans- 
lated from  the  German  (with  additions)  by  H.  H. 顬 
Powles.  Fourth  edition.  London  ：  Crosby  Lockwood 
and  Son.  7 -Jin.  by  5]in.  ；  522  pp.  Price  7s.  6d.  net, 
This  excellent  manual  of  formula  and  sketches  illustrative 
of  steam-engiue  practice  has  evidently  met  with  an  apprecia- 
tive circle  of  readers  in  this  country,  a  success  at  which  we 
are  in  no  way  surprised,  as  it  is  so  essentially  practical  and 
at  the  same  time  is  typically  German  as  regards  its  thorough- 
ness, some  idea  of  which  is  conveyed  by .  the  fact  that  it 
contains  over  1,000  illustrations  of  working  parts,  most  of 
which  are  drawn  to  scale,  while  many  are  accompanied  with 
tables  which  permit  of  the  adaptation  of  the  sketches  to  other 
sizes.  It  is  impossible  within  the  scope  of  a  short  notice  to 
summarise  the  contents,  but  we  may  give  some  indication  of 
its  scope  and  merits  by  saying  that  it  is  a  book  which  no 
engine  maker's  drawing  office  can  well  afford  to  be  without, 
and  which  every  draughtsman  will  find  to  be  a  useful  com- 
panion. In  the  edition  just  issued  the  work  has  been  supple- 
mented with  an  appendix  of  some  64  pages  which  is  devoted 
entirely  to  steam  turbine  practice. 

The    Mechanical    Engineer's    Pocket-book   of   Tables,  Formula, 

Rules,  and  Data.    By  the  late  D.  K.  Clark,  M.Inst. C.E. 

1914  edition,  revised  and  enlarged  by  H.  H.  P.  Powles. 

London :     Crosby   Lockwood  &  Son'     6in.   by   4in. ； 

708  pp.  Price  4s.  6d.  net. 
Tremendous  changes  have  taken  place  in  mechanical 
engineering  since  the  late  Mr.  Clark  first  devoted  his  attention 
to  the  compilation  of  this  little  handbook,  and  it  is  a  pleasure 
to  note  that,  notwithstanding  the  innumerable  changes  that 
have  been  necessary  in  consequence  of  the  evolution  of 
engineering  practice,  this  friend  of  our  early  days  still  retains 
a  place  in  popular  esteem,  though  its  price  probably 
handicaps  it  rather  seriously  in  its  competition  with  later  and 
more  cheaper  rivals.  Nevertheless,  it  contains  some  distinct 
features,  and,  having  regard  to  the  cheapness  generally  of 
modern  literature 霤 will  probably  continue  to  hold  its  position 
alongside  its  rivals.  The  editor's  work  has  been  well  done, 
and  his  efforts  have  been  worthily  seconded  by  the  publishers 
in  the  way  of  good  paper  and  printing. 

The  Inventor's  and  Patentee  s  Year  Book  for  1914-  By  William 
H.  Taylor.  Manchester  :  The  Dexter  Press,  Ltd.  7|in. 
by  5^in.  ；  736  pp.  Price  7s.  6d.  net. 
So  many  books  have  been  written  for  the  instruction  of 
inventors  and  patentees  with  regard  to  patent  procedure,  and 
practice  is  now  so  generally  crystallised  by  case  law  and 
Acts  of  Parliament,  that  there  would  seem  to  be  little  scope 
for  further  new  literature.  Every  patent  agent,  however, 
regards  himself  as  a  special  expert,  and  in  this  respect  the 
author  is  no  exception  to  the  rule,  though  he  is  able  to  claim 
a  longer  and  wider  experience  than  most  of  them，  more 
particularly  as  regards  mechanical  and  textile  work.  The 
author  evidently  formed  a  generous  conception  of  his  task,  for 
the  book  is  a  general  treatise  on  the  subject  of  inventions, 
patents,  and  trade-marks,  both  here  and  abroad.  Consider- 
able time  and  trouble  liave  been  spent  in  compiling  the 
information  presented,  and,  as  a  general  guide  on  the  subject, 
we  have  every  pleasure  in  recommeuding  it,  not  only  to 
inventors  generally,  but  to  patent  agents  who  do  not  aspire 
to  the  honours  of  authorship. 

*    *  —  * 

Wireless  Telegraphy,  a  Handbook  for  the  use  of  Operators  and 
Students,  by  W.  H.  Marchent  ；  154  illustrations.  Lon- 
don ： Whittaker  &  Co.  7^in.  by  5|-in.  ；  238  pp.  Price 
5s.  net. 

The  wide  adoption  of  wireless  telegraphy  for  international 
and  maritime  communication  has  not  only  led  to  its  systematic 
registration  as  a  subject  of  study  in  teaching  institutions,  but 
to  its  practice  by  a  wide  field  of  amateurs,  so  that  a  somewhat 
extensive  circle  of  readers  has  arisen,  and  with  it  a  corre- 
sponding demand  for  elementary  technical  literature.  The 
book  under  notice  is  intended  primarily  for  the  use  of  those 


engaged  in  practical  radio-telegraph  work,  as  well  as  for 
students  who  possess  some  electrical  knowledge.  The  first 
portion  deals  with  the  production  and  radiation  of  electric 
waves  generally  and  with  the  apparatus  and  adjuncts  wbicli 
go  to  make  up  a  wireless  station,  following  which  are  descrip- 
tions of  the  principal  systems  employed,  methods  of  signalling, 
codes,  &c.  The  book  is  well  illustrated  and  clearly  written, 
and,  within  its  range  of  treatment,  admirable.  We  have 
pleasure,  therefore,  in  reconimending  it. 


BOOKS  RECEIVED. 

The  Co-operation  of  Science  and  Industry.    By  S.  Roy  Illing- 

worth,  with  foreword  by  Sir  Boverton  Redwood.  London  ： 
Chas.  Griffin  &  Co.    Is.  6d.  net. 

Engineering  Workshop  Exercises  for  Technical  Students  and 
Apprentice  Engineers.    London  ：  Wliitt  aker  &  Co.    Price  *Js.  net. 

Examinations  in  Science  and  Technology,  1913.  Examination 
papers  and  reports  of  examiners.  London  :  Eyre  &  Spottis- 
woode.    Price  9d. 

Transactions  of  the  Liverpool  Engineering  Society.  Vol.  XXXIV. 
Edited  by  T.  R.  Wilton,  M.A.,  Assoc.M.Inst  .C.E.  Published 
by  the  Royal  Institution,  Colquitt  Street,  Liverpool. 

The  Textile  Journal.  Vol.  V.，  No.  1.  Edited  by  T.  W.  Fox 
and  J.  Hiibner.    Manchester  ：   St.  Mary's  Parsonage. 


FREE  CARBON  IN  IRON  AND  STEEL. 

At  a  recent  meeting  of  the  Sheffield  Society  of  Engineers 
and  Metallurgists  held  at  Sheffield,  Dr.  W.  H.  Hatfield,  in 
a  paper  entitled  "  A  study  of  the  conditions  uuder  which  free 
carbon  appears  in  steels,  cast  iron,  and  malleable  cast  iron/' 
said  that  it  was  necessary  to  cover  broad  ground  owing  to  the 
fact  that  free  carbon  was  a  phenomenon  found  in  products 
widely  distributed  amongst  the  carbon  series  of  alloys.  He 
described  the  appearance  of  free  carbon  in  steels  as  one  of 
the  common  troubles  with  which  steel  makers  were  called 
upon  to  deal,  and  which  must  be  avoided.  The  precipitation 
of  free  carbon  in  cast  iron  was,  however,  an  essential  reaction 
which,  in  foundry  irons  in  particular,  invariably  took  place 
in  the  cooling  down  of  the  material  from  casting  tempera- 
tures, and  was  responsible  for  the  ease  with  which  such 
material  could  be  machined.  In  malleable  iron  the  precipita- 
tion became  all-importantj  it  being  the  means  by  which  hard; 
brittle,  white  cast  iron  was  rendered  malleable  during  the 
process  of  heat  treatment.  The  lecturer  endeavoured  to  treat 
the  whole  of  the  iron  carbon  alloys,  whether  pig  irons  or 
steels,  from  a  general  standpoint,  and  it  was  insisted  that  the 
alloy  in  every  case  was  primarily  one  of  iron  and  steel  car- 
bide, and  the  theory  upon  which  he  worked  was  that  the 
carbon  was  in  solution  as  carbide,  and  therefore  must  come 
out  of  the  solution  as  such.  He  claimed,  therefore  that  it 
was  obvious  that  the  appearance  of  free  carbon  was  in- 
variably preceded  by  the  appearance  of  free  carbide,  which 
subsequently  broke  down  into  the  free  state.  Discussing  the 
problem  of  black  steels,  sometimes  met  with  in  works  prac- 
iice，  he  confirmed  data  on  the  subject  which  had  been  sup- 
plied by  Dr.  Arnold  and  Dr.  McWilliam?  in  which  it  was 
pointed  out  that  it  was  only  in  super-saturated  steels  that 
the  precipitation  was  likely  to  be  observed.  He  (Dr.  Hat- 
field) made  one  reservation,  however,  as  to  that  view,  since  he 
had  never  met  with  the  phenoinenon  in  purely  iron  carbon 
steels  which  did  not  normally  present  a  micro  structure  in 
which  free  cementite  appeared.  鬮 was  found  that  when  the 
annealing  carbon  was  produced  by  simple  heat  treatment 
alone  there  was  a  formation  of  micro  structure,  consisting 
of  a  matrix  of  pearl ite  in  which  were  seen  the  membranes  of 
excess  carbide.  From  his  own  researches  iu  this  field  he 
would  suggest  that  in  the  instance  of  precipitation  in  such 
steels  during  annealing  the  whole  of  the  cementite  would  pos- 
sibly not  be  in  solution  at  the  high  temperatures. 


"Lusitania，s，，New  Speed  Record.  ― The  Cunarcl  liner  "  Lusi- 
tania  "  has  established  another  world's  record .  She  left  New 
York  for  Liverpool  on  Tuesday,  the  10th  inst and  between 
Thursday  noou  and  Friday  noon  steamed  618  knots  at  an 
average  speed  of  26'70  knots  an  hour,  beating  the  previous 
record  of  614  knots  held  by  the  "  Maiu'etania." 
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THE  INSTITUTE  OF  METALS, 

TiiK  anniKil  general  meeting  of  tliis  instit  ntc  was  lu-Id  a(  tin- 
Institution  of  Mecliaiiical  Kn^ineers,  Stoi^-v's  Gate,  \V('st 
minster,  S.W.,  on  Tuesday  hih!  Wediicschi v  last.  On  tlu' 
Tuesday  tlie  report  of  the  Council  was  |>r*'sonte<l  aiul  the 
inaugural  address  of  the  new  prt'sidenl ,  Kn^iiH^r  Vir,' 
•Admiral  Sir  II.  J.  Oram,  K.('B.,  K.R.S..  was  delivwl. 
On  the  following  day  a  iniiuher  oi  interest inc/  papers  weio 
read,  ahst  racts  of  which  are  ^i\r(Mi  below  ： ― 

Bronze. ― In  this  paper,  by  Mr.  .Jolm  Dewrance,  M  Inst.C.lv, 
the  author  drew  attention  to  tlie  desii-aliilil  v  of  modirvmg 
tlie  composition  of  bronze,  with  tlu*  object  of  preserving  its 
strength  when  used  for  high-])ressure  and  superheated  steam. 
The  results  of  a  large  miniher  ol'  expt'i'Hiients  were  presented 
which  go  to  estahlisli  the  fart  that  the  addition  of  a  half  of 
J  per  cent,  of  lead  preserved  tlie  strength  of  tlie  hvowze  up  to 
500°,  and  that  without  the  lead  bronze  lost  its  strength  at 
350°  Fall.  The  author  suggested  that  as  lead  had  this  eHVct 
it  was  probable  that  further  investigation  might  prove  that 
some  other  ingredient  might.  i> reserve  tlie  strength  of  bronze 
at  even  a  higher  teinj)eiature.  It  was  also  shown  that 
oxygen  in  bronze  did  not  reduce  the  strength  within  practical 
limits. 

The  Effect  of  Vanadium  on  the  Constitution  of  Brass  containing 
50  to  60  per  cent,  of  Copper. ― Tlie  experiments  described  in  this 
paper,  by  Mr.  R.  J.  Dunn,  M.Sc,  and  Mr.  O.  F.  Hudson, 
M.Sc.，  were  carried  out  with  the  object  of  ascertaining  what, 
if  any,  was  the  effect  of  small  quantities  of  vanadium  on  the 
constitution  and  structure  of  certain  copper-zinc  alloys,  par- 
ticularly with  reference  to  the  change  which  occurs  at  about 
460°  C.  in  those  brasses  containing  the  beta  phase.  A  num- 
ber of  alloys  containing  small  percentages  of  vanadium  and 
inconsiderable  cjuantities  of  impurities  resulting  from  the 
reduction  of  pure  vanadic  acid  by  means  of  aluniiinum  were 
tested  thermally  and  microscopically.  It  was  found  that  the 
critical  point  at  460°  C.  was  only  slightly  affected  by 
vanadium,  1  per  cent,  raising  it  not  more  than  10°  C.  It 
was  also  found  that  the  usual  structure  of  brasses  containing 
50  to  60  per  cent,  of  copper  was  not  greatly  modified  by  the 
presence  of  small  quantities  of  vanadium.  Thus  the  obser- 
vation of  Carpenter  that  1  per  cent,  of  vanacli  mi  caused  tlie 
complete  structural  resolution  of  beta  into  alpha  ； slid  gamma 
was  not  ronfirmed.  Some  of  the  alloys  were  Mibjecteci  to 
prolonged  annealing  at  temperatures  jvist  below  460°  C,  and 
the  conclusion  arrived  at  was  that  vanadium  to  the  extent 
of  at  least  1  per  cent,  appeared  to  have  no  influence  on  the 
structural  stability  of  the  beta  constituent  of  the  copper-zinc 
alloys.  The  authors  also  considered  that  it'  any  structural 
resolution  of  beta  into  alpha  and  gamma  followed  the  addi- 
tion of  cupro- vanadium  to  brass  the  result  probably  was  due 
ratlier  to  the  relatively  large  amounts  of  aluminium  usually 
present  in  commercial  samples  than  to  the 通 all  percentage 
of  vanadium  remaining  in  tlie  finished  brass.  In  an  appendix 
a  brief  description  was  ^iven  of  the  nietlioct  of  analysis 
adopted. 

The  Quantitative  Effect  of  Rapid  Cooling  upon  the  Constitution 
of  Binary  Alloys.  Part  II. ― This  paper,  by  Mr.  G.  H.  Gulliver, 
13. Sc.,  is  a  continuation  of  one  read  before  the  Institute 
last  March.  The  methods  then  explained  are  extended, 
so  tliat  the  proportions  of  the  constituents  of  a  rapidly  cooled 
binary  alloy  can  be  determined  with  a  close  degree  of 
a]  ])roxiination,  whatever  the  curvature  of  liquidus  and 
solidus.  Results  were  given  for  the  more  important  aliovs 
of  the  copper-tin  and  the  coj)[)er-zinc  series,  and  for  the 
copper-niokel  series.  A  formula  had  been  devised  lor 
calculating  tlie  proportions  of  the  ronst ituents  ol>tained  witli 
moderate  rates  of  cooling  when  the  liquidus  and  solidus  were 
sensibly  straight,  and  the  results  ohtaiued  t'rom  this  for  the 
lead-tin  series  were  given . 

The  Influence  of  Nickel  on  some  Copper-Aluminium  Alloys.  Tl"' 
autliors  of  this  paper,  Prof.  A.  A.  Read  and  Mr.  H  IT 
Greaves,  M.Sc,  investigated  the  influence  of  varying  per- 
centages of  nickel  on  some  mechanical  and  ]>liv^u-al  pnipei- 
ties  of  the  copper-ahuniniuiii  alloys  with  5  and  10  per  cent, 
of  aluminium  respectively.  Hot  rolling  and  for^iiii:  iot> 
showed  that  apart  from  increased  hardness,  and  the  necessity 


ot'  a  lii^hor  rolling  tt'm|,t'i  m'f',  t  lif  l>flia  viou  r  on  hot  rolling 
of  alloys  with  ii|>  to  7. 1  per  cent,  of  nickel  was  uifni  ical  w  i  1 1 1 
that  of  tho  ]>u i e  coppft -alurniiiiiiin  alloys.  Mall'tahilitv  and 
(luctilit v  iapidlv  ifdured  by  nickel  in  U"'  1 0  p*r  '屮 lit 

alu min "i m  series,  }n\\,  witli  5  per  cent,  of  aluininiuiii  tlir 
presence  ot*  nickel  incieased  tlie  ductility,  as  judged  by  the 
wire-drawing  tests.     The  main  features  of  the  tensile,  ha rrl 
ness,  and  alternating  .st  rcss  tt'sts,  coiisid^rcfl   in  con jun<  tion 
with  the  rriicrostructuif*,  were  bricfl \- ；卜  tollo -、、 

(1 )  .  I  llot/s  trtt/t  10  〃' /  i-rnt .  of  〃/'〃〃/〃〃〃//. —— Nickel  up 
to  It)  per  cent,  in  the  chill  castings  gave  incrrasi'd  maximum 
stress  and  yield  point  at  tlie  expense  ol  elon^;ition  and  rf?(J in* 
tion  of  area  ；  5  per  cent,  of  nickel  gave  niaximutn  liardness  : 
5  per  cent,  of  nickel  improved  the  anne;i Wm|  metal  aiifl 
diminished  the  detrimental  effect  of  amicalin^  on  tlie  ] <»  jkm 
rent,  aluminium  allov.  This  compo.^ition  corresponded  to 
the  limit  of  the  alpha  plus  beta  struct ure,  increase  of  i，".l"'l 
above  5  per  cent,  being  accompanied  by  the  separation  ot'  a 
Itlue  constituent  in  place  of  beta.  The  effect  j t'  fjiiciichin^ 
on  these  alloys  was  similar  to  that  on  the  10  per  "'m，. 
aluniiiiiiim-bronze,  hut  became  less  marked  as  tlie  k«'l 
increased. 

(2)  -1〃".'/.、'  with  5  per  "'/〃.  of  〃/ 請〃〃 '〃// .  — Both  in  the 
chill  castings  and  annealed  rodsj  nickel  had  little  effect  on 
the  hardness,  maximum  stress,  and  yield  j)oint  until  5  per 
cent,  was  present.  The  ductility,  however,  was  greatlv  in- 
creased by  1  per  cent,  of  nickel.  With  less  than  5  per  cent, 
of  nickel  the  alloys  consisted  of  a  homogeneous  solid  ><>lu 
tion  :  witli  more  than  5  per  cent  a  second  constituent 
separated  on  slow  cooling,  causing  in  the  annealed  rods  ； i 
rapid  increase  in  hardness,  maximum  stress,  and  yield  point, 
with  an  accompanying  diiniiiution  in  elongation  and  reduc- 
t ion  of  area.  The  effect  ot*  quenching  on  the  alloys  witli 
5  per  cent,  of  nickel  and  over  was  to  retain  the  second  con- 
stituent in  solid  solution  and  thus  to  increise  the  ductilitv, 
while  the  hardness,  niaxiinuni  stress,  and  yield  point 
diminished.  The  rate  of  cooling  need  not  be  very  great  for 
air-cooled  rods  gave  results  w  liich  approximated  to  those  ot 
the  quenched. 

The  presence  of  nickel  made  prartirall 、•  iiu  difurenoe  to 
the  specific  gravity  of  these  alloys  ；  their 'melting  points  were 
raised,  and  conductivity  lor  electricity  greatlv  dimiiiislic'l . 
Corrosion  by  sea  water  was  greatlv  reduced  by  the  presfinc 
of  nickel  ；  there  was  no  dilTereiu^e  in  behaviour  between  the 
annealed  and  cold  rolled  metal .  All  the  alloys  witli  5  and 
10  per  cent,  of  aluminiinn  and  varving  nickel  behaved  better 
both  in  fresh  and  sea  water  than  either  Muntz  metal  or 
naval  brass. 

First  Report  on  the  Solidification  of  Metals  from  the  Liquid  State. 

Iii  this  report,  by  Cecil  H.  Desch ,  D.Sc,  Ph.D.,  presented  to 
the  Beilby  Prize  Committee,  it  was  pointed  out  that  the 
arrangement  of  crystal  grains  in  a  metal  or  alloy  liad  usual  I  v 
been  accounted  for  by  growth  ot*  crystallites  from  indepen- 
dent centres.  Against  this,  Quincke  had  proposed  the  hvpi> 
thesis  of  foam-cells.  On  this  view,  the  liquid  separated, 
immediately  before  crvstallising,  into  t wo  liquids,  wliicli 
arranged  themselves  to  form  a  foam,  and  crystallisation  then 
took  place  within  the  t'oam-cells.  Quincke  had  applied  the 
hy])otliesis  to  the  explanation  of  many  of  tlie  properties  of 
metals.  Several  recent  writers  had  also  sought  to  connect  the 
cellular  structure  with  tl»e  prismatir  partitioning  of  cooling 
liquids  by  convection  currents.  Whilst  tins  arrangement 
might  possibly  be  traced  in  some  metals  wlieu  cast  in  thin 
sheets,  it  could  not  account  for  the  st ructure  of  ingots  or 
other  large  masses.  The  passage  of  metals  in  certain  case^ 
through  an  intermediate  liquid-rrystalline  state  had  also  been 
assumed,  hut  not  yet  established.  A  review  of  tlie  existing 
evidence  suggested  that  several  distinct  cellular  structures 
had  often  been  confouiulecl »  and  that  a  conimoii  origin  had 
been  assumed  for  structures  which  had  a  inerelv  geometrical 
similarity.  The  effect  oi  under-cooling,  and  tlie  possibility  of 
existence  of  two  dist inct  classes  of  under-t'ooled  liquids  was 
also  discussed,  as  well  as  the  changes  of  volume  、vl"cli 
ooourred  during  fusion  and  solidification.  The  tleterniination 
o*"  sucli  changes  was  shown  to  be  complicated  l)v  other  factors, 
so  that  an  increase  in  the  external  dimensions  of  a  rastiitL' 
did  not  invariably  represent  an  ； u'tual  iiii'iease  in  t he  volume 
of  inelal.    Lastly,  the  program  me  of  experimental  work  now 
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ia  progress,  with  the  object  of  testing  and  comparing  the 
hypotheses  mentioned,  was  briefly  outlined. 

First  Report  of  the  Committee  on  the  Nomenclature  of  Alloys. ―- 

The  Committee,  consisting  of  representatives  of  the  Institute 
of  Metals,  the  Institution  of  Mechanical  Engineers,  the  Insti- 
tutiou  of  Electrical  Engineers,  the  Institution  of  Naval  Archi- 
tects, the  Institution  of  Engineers  and  Shipbuilders  in  Scot- 
land, the  North-east  Coast  Institution  of  Engineers  and 
Shipbuilders,  and  the  Society  of  Chemical  Industry  (chair- 
man, Dr.  W.  Rosenhain,  F.R.S.),  presented  a  unanimous 
report,  in  which  they  recommend  the  adoption,  first,  of  a 
systematic  nomenclature  in  which  alloys  are  denoted  by  the 
names  of  their  constituent  metals  in  English,  arranged  in 
increasing  order  of  percentage  present  in  the  alloys.  This 
systematic  nomenclature  is  intended  chiefly  for  scientific  and 
other  purposes  where  its  precise  character  more  tlian  out- 
weighs its  cumbrousness.  The  Committee  next  recommend 
that  a  system  of  "  practical  "  nomenclature  yhould  be  set  up, 
consisting  of  "  practical  "  names  which  are  to  serve  as  every- 
day abbreviations  of  the  systematic  or  scientific  names.  The 
definition  of  current  practical  names  on  this  basis  has  so  far 
only  been  attempted  in  regard  to  the  two  important  terms 
"brass"  and  "bronze."  The  definition  of  "brass"  adopted 
by  the  Committee  is  that  it  is  to  be  used  as  an  abbreviation 
of  the  words  "  zinc-copper，"  as  employed  in  the  systematic 
nomenclature  ；  when  employed  alone  it  indicates  that  the 
alloys  are  pure  zinc-copper.  Where  the  presence  of  other 
metals  is  to  be  indicated  their  names  are  to  be  prefixed  to 
the  term,  forming  such  words  as  tin-brass,  aluminium-brass, 
manganese- brass,  &c.  Similarly,  the  term  "bronze"  is 
defined  as  an  abbreviation  for  "  tin-copper/'  as  used  in  the 
systematic  nomenclature,  the  definitions  in  other  respects 
being  identical  as  that  for  "  brass."  The  Committee  is  not 
yet  prepared  to  recouimend  definitions  of  further  practical 
terms,  but  the  two  terms  defined  represent  the  most  widely- 
used  alloys,  and  their  general  adoption  as  thus  defined  would 
do  much  to  remedy  the  state  of  confusion  which  exists  at  the 
present  time.  The  Committee,  therefore,  appeal  to  all  those 
interested  in  the  progress  of  the  industries  and  sciences  con- 
nected with  metals  to  use  their  best  endeavours  to  support 
and  carry  out  the  recommendations  of  the  Committee. 

The  Micro-chemistry  of  Corrosion.  Part  II.  The  A-Alloys  of  Copper 
and  Zinc. ― In  coutiuuation  of  their  former  work,  the  authors, 
Mr.  Samuel  Whyte,  B-ScJ  and  Mr.  Cecil  H.  Desch,  D.Sc" 
had  examinee!  the  effect  of  electrolytic  corrosion  on  the 
A-brasses.  The  total  corrosion  was  less  than  in  the  B-brasses, 
and  there  was  less  preferential  removal  of  zinc.  The  alloy 
containing  1  per  cent,  of  tin  was  at  first  more  corroded  than  a 
70:30  brass,  but  as  time  went  on  the  corrosion  was  lessened, 
owing  to  the  formation  of  a  very  tougli  layer  of  basic  salts. 
The  protective  action  of  tin  was  attributed  to  this  cause. 
One  per  cent,  of  lead  did  not  retard  corrosion,  as  the  residual 
coppery  layer  was  very  open  in  texture,  but  an  alloy  with 
2  per  cent,  of  lead  (70  : 28  : 2)  became  covered  with  a  very 
firmly  adherent  layer.  This  alloy  was  much  less  corroded 
than  any  of  the  others  examined.  Brass  condenser  tubes, 
corroded  during  service,  had  a  structure  which  might  be 
exactly  reproduced  by  the  application  of  an  external  electro- 
motive force.  This  point  was  proved  by  j^liotomicrographs. 
The  apparent  differences  depended  on  the  rate  of  corrosion 
and  the  supply  of  oxygen.  When  corrosion  was  slow  and 
the  oxygen  supply  abundant,  the  spongy  layer  of  copper  was 
converted  into  oxide  as  fast  as  it  was  formed,  but  otherwise  a 
metallic  dezincified  layer  remained. 

Muntz  Metal.— In  this  paper,  by  (Mr.  J.  E.  Stead,  D.S( 
F.R.S.,  and  Mr.  H.  G.  A.  Stedman?  the  authors  obtained  a 
set  of  ^in.  bars  of  pure  Muntz  metal  for  the  purpose  of  the 
research,  heated  them  in  duplicate  in  a  tube  furnace  electri- 
cally heated  for  48  hours  to  various  temperatures  ranging 
between  about  500°  C.  and  860°  C -，  after  which  treatment  one 
of  the  heated  bars  in  each  set  was  quenched  in  cold  water, 
the  companion  bar  being  allowed  to  cool  in  air.  The  cold  bars 
were  then  examined  microscopically  and  tested  mechanically. 
Other  bars  were  heated  for  three  months  at  about  430°  C, 
and  at  270°  C,  "for  984  hours,  and  they  were  also  tested  and 
examined.    The  results  appeared  to  dispose  of  the  idea,  held 


ia  some  quarters,  that  Muntz  metal  could  be  burnt  by  】iigli 
heating,  and  that  quenching  tended  to  soften  brass,  for 
while  tlio  annealed  metal  cooled  in  air  liad  a  tenacity  of 
nbout  2b  tons,  tlie  same  material  quenched  from  812°  C.  had 
a  tenacity  of  29i  tons ― an  increase  of  about  4i  tons.  The 
r*'sult  of  this  research  showed  ( 1 )  that  M untz  metal  should 
not  be  annealed  at  teni])eratures  between  750°  C.  and  800°  C, 
as  this  was  a  range  of  danger,  but  it  miglit  be  heated  above 
800°  C.  without  destroying  its  good  quality  ；  (2)  that  it  was 
made  homogeneous  and  could  be  hardened  to  a  considerable 
degree  by  heating  to  and  quenching  from  above  800°  C. ； 
(3)  that  the  maximum  degree  of  softness  was  obtained  by  long 
heating  at  the  temperature  of  melting  zinc,  about  430°  C.  ；  (4) 
that  Muntz  metal  was  very  slightly  oxidised  by  annealing 
even  at  800°  C,  and  that  the  scale  produced  on  the  surface 
consisted  of  zinc  oxide  free  from  copper.  Tin1  final  part  of 
the  paper  was  devoted  to  a  description  <)f  inetliods  o['  1  inting 
l>rasses  so  as  to  reveal  their  structure,  and  to  the  effect  of 
hard  drawing  in  leading  to  fractures  in  Muntz  metal  during 
service. 


CO  PARTNERSHIP  AND  PROFIT-SHARING. 

The  Labour  Department  of  the  Board  of  Trade  have  issued  a  report 
on  pro  tit-sharing  and  labour  co-partnerslup  schemes  in  existence 
uhroad.  According  to  this  Fiance  has  a  larger  number  of  schemes 
than  any  of  the  other  countries,  and  many  of  them  are  of  very 
long  standing.  Regarded  as  a  whole,  these  schemes  di/fei  in  many 
respects  from  the  English  schemes,  having  their  greatest  develop- 
ments in  a  totally  different  class  of  undertaking.  The  group  in 
whicli  profit-sharing  has  extended  most  widely  is  that  of  insurance 
companies  and  banks.  Mines  and  quarries,  railways  and  tram- 
ways3  and  metal,  engineering^  and  shipljuilding  iirms  are  also 
represented.  The  typical  French  system  is  that  of  capitalising 
the  bonus,  and  one  method  is  of  converting  the  accumulated 
bonuses  into  a  pension  for  the  employe  on  retiremeut,  and  also 
leaving  .something  for  the  widow  and  children  after  his  death. 
In  Germany  profit-sharing  has  made  little  progress,  and  many  of 
the  schemes  introduced  have  been  short-lived.  Thus,  of  54  scheiues 
iii  existence  in  1878,  only  9  remained  in  11)01,  and  at  present  about 
30  schemes  are  known  to  be  in  existence.  The  21  undertakings 
for  which  particulars  are  available  employ  only  15，000  or  16,000 
persons ;  and  .about  one-seventli  of  the  number  employed  under  the 
profit-sharing  conditions  in  the  United  Kingdom.  The  profit-shar- 
ing schemes  in  Holland  and  Switzerland  are  mostly  small.  In  the 
United  States  only  about  25  or  30  firms  practice  protit  sharing  and 
co-partnei>hiii,  and  nio.st  of  these  started  their  techenio.s  only  within 
the  last  ten  or  12  years,  not  dating  further  hack  than  1886.  On 
the  other  hand^  the  number  of  workpeople  employed  is  relatively 
la rge3  as  many  oi「  the  firms  which  practise  profit-sharing  are  vast 
corporations  employing  thousands  of  workpeople.  On  the  whole, 
says  the  report,  it  、voukl  appear  that  profit-sharing  is  not  regarded 
with  very  great  favour  in  the  United  States  ；  tlic  principal  reasoii^ 
stated  being,  first,  the  attitude  of  the  trade  unions,  and,  secondly, 
the  preference  of  employers  for  other  means  of  improving  the 
position  of  their  workpeople.  As  regards  the  British  dominions, 
it  would  appear  that  profit- sharing,  as  understood  in  this  country, 
has  scarcely  obtained  any  foothold  in  Australia  and  New  Zealand 
or  in  South  Africa.  It  has  made  but  little  more  progress  in 
Canada,  and  one  of  the  】>j'iiifii)al  schemes  which  formerly  existed 
has  been  abandoned. 


Structural  Steelwork.— At  a  meeting  of  the  North-western 
Section  of  the  Junior  Institution  of  Engineers  on  Friday 
evening,  the  6th  inst.,  a  discuysion  ou  4 'Structural  Steelwork  ，， 
was  opened  by  Mr.  F.  Briggs.  Dealing  with  steel  frame 
buildings,  he  pointed  out  that  the  first  instance  of  this  type 
was  the  Crystal  Palace;  and  the  latest  in  this  district,  the 
Calico  Printers'  Association  Building  in  Manchester. 
Rapidity  of  erection,  the  possibility  of  comineucing  to  sheath 
the  framework  from  the  top  and  so  protect  the  workmen  and 
inside  of  the  building  from  the  weather,  being  able,  if  neces- 
sary, to  work  on  all  floors  at  the  samei  time,  the  great  height 
to  which  they  could  be  carried  (900ft.  in  some  instances)  were 
some  of  the  many  advantages  of  this  class  of  building  dilated 
upon  by  the  speaker.  Complaint  was  made  of  antiquated 
building  by-laws  blocking  the  path  of  progress  in  some  dis- 
tricts. 
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LIQUID  FUEL. 

At  a  m(.'diiig  of  I  lie  I  nsi  itiitc  o(  lUariiir  Kngiiicrrs  on  Mon 
day,  March  9th,  a  paper  was  r  ead  l>y  I\1  r.  ,i .  Vcitcli  Wilson 
on  "  Liquid  Fuol,' '  tlie  lion,  secretary,  M  v.  James  Adanison, 
presiding.  Mr.  Veitch  Wilson,  in  the  ('oum'  of  ； in  interest - 
iug  historical  retrospect,  said  it  seemed  reasonable  to  supi"'"'， 
ill  view  of  the  fact  t hat  so  nm，'li  |H、t  rol(、um  had  been  found  l)v 
spontaneous  exudations  and  accidental  discoveries,  that  tlie 
world  was  saturated  with  oil  and  that  by  systematic  investi- 
gations, supplies  were  likely  to  be  discovered  in  every  habit- 
able quarter  of  the  globe.  The  world's  production  of  crude 
petroleum  showed  a  steady  advance  each  vear  from 
264,249,119  barrels  in  1907  to  351,178,236  barrels  in  1912， 
and  he  understood  that  the  figures  for  1913  sliowed  an 
advance  of  10  per  cent,  over  those  of  1912.  After  dealing 
with  the  origin  and  constituents  of  petroleum,  and  describ- 
ing early  and  recent  devices  for  its  utilisation  as  fuel,  the 
author  expressed  the  opinion  that  the  full  benefit  in  t he  use 
of  oil  was  not  to  be  derived  from  its  substitution  for  coal 
for  steam-raising  purposes,  but  from  the  general  adoption 
of  the  iuternal-coinbwstion  engine  instead  of  the  steam  eiiguie. 
Paraffin,  which  was  practically  free  from  oxygen,  gave  20,251 
lieat  units  ；  while  alcohol,  which  contained  a  high  percentage 
of  hydrogen,  gave  12,593  units,  and  olive  oil  17,482  units. 
But  while  it  was  apparent  from  these  figures  that  the  pre- 
sence of  oxygen  reduced  the  calorific  value  of  oils  as  fuels, 
it  must  be  equally  recognised  that  its  presence  promoted  com- 
bustion aud  reduced  the  tendency  to  smoke  with  production 
of  soot  or  carbon.  Many  vegetable  and  some  animal  oils 
might  be  burned  in  open  lamps  without  smoke,  while  it  was 
impossible  to  burn  paraffin  or  petroleum  under  such  condi- 
tions on  account  of  the  dense  volumes  of  smoke  they  gave 
off.  He  thought,  therefore,  he  was  justified  in  saying  that 
those  engineers  were  in  error  who  objected  to  the  use  of 
vegetable  oils,  pure?  or  mixed  with  mineral  oil,  as  lubricants 
for  internal-combustion  engines  for  fear  of  the  carbonaceous 
deposits  which,  they  said,  these  oils  were  liable  to  produce. 
The  author  then  described  the  various  products  obtained 
from  petroleum  suitable  for  different  types  of  engines,  and 
specially  called  atention  to  the  ambiguous  use  of  the  ex- 
pression " crude  oil,"  which  might  denote  either  oil  con- 
taining all  its  dangerous  fractions  or  oil  from  which  these 
have  been  removed  by  distillation.  The  paper  concluded 
with  tables  showing  fuel  values,  thermal  and  commercial. 

In  opening  the  discussion  which  followed,  Mr.  F.  M. 
Timpson  said  it  was  peculiar,  in  view  of  Mr.  Veitch  Wilson's 
remarks,  that  more  mineral  oil  than  vegetable  oil  was  used 
for  iziternal-combustion  engine  purposes.  The  niiueral  oils 
were  found  to  be  very  satisfactory  both  for  light  and  heavy 
engines.  Mr.  J.  C.  Williams  considered  that  the  question  of 
suitability  largely  depended  upon  the  nianuer  in  which  the 
oil  was  introduced.  The  lubricating  oil  was  put  in  as  a  lubri- 
cant, and  therefore  did  not  burn  so  quickly,  with  the  result 
that  it  carbonised.  Any  oil  introduced  under  those  condi- 
tions would  give  the  same  result.  Mr.  J.  Clark  said  the 
proper  mixture  of  the  air  supply  had  a  great  effect  upon  the 
])rodiK'tion  of  smoke,  and  many  oil  fuels  produced  smoke  if 
this  was  not  carefully  watched.  Mr.  F.  O.  Beckett  said  the 
introduction  of  the  internal-coml)iistion  engine  opened  up  a 
problem  for  metallurgists  to  make  a  metal  which  would  with- 
stand the  exceptional  heat.  Mr.  Duncan  Barr  referred  to 
methods  of  disposing  of-  the  tarry  residue  of  a  gas-producer 
plant.  Mr.  J.  Shanks  said  he  mulerstood  it  \v as  not  possible 
in  Diesel  engines  to  introduce  the  lul>ricat in^  oil  with  the 
fuel  oil.  The  improvements  effected  in  the  steam  engine  in 
recent  years  had  made  it  im])o^sihle  for  the  inter" 'il- 
conibustiou  engine  to  gain  n  footing  <)"  t  ho  ^rouml  of 
economy,  but  when  oil  became  cheaper  in  price  marine  engi- 
neers were  prepared  to  take  charge  ot  tlui  inte rual-comhust ion 
engine  and  run  it  as  successfully  as  thev  did  the  steam  engine. 

In  replying,  Mr.  Veitch  Wilson  said  his  experiments  had 
proved  that  fatty  oils  were  not  responsible  for  deposits  in 
the  engine.  Troubles  with  deposits  or  giniuiiing  in  gas 
engines  were  generally  overcome  by  the  use  of  a  vegelalile 
oil,  and  this  con rse  was  invariably  adoj)ted  and  ret'onnneuded 
by  the  late  Sir  William  Croysley  autl  other  well-known  makers 


of  gas  (MigineH.  Witli  regard  to  tlie  late  Dr.  DieHel's  reconi- 
Tiiendation  of  mineral  oil  for  the  Diesel  engine,  lliin  Heemed 
inconsistent,  in  view  of  his  recornmcndatioii  of  ''ii'—'iii'' 
because  it  could  use  pure  vegetable  oils. 


STEAM  TURBINE  INSTALLATIONS  FOR  SHIPS. 

In  the  case  of  installations  of  steam-driven  nia<-hiiif rv  wliirli 
include  as  elements  steam  turbines  and  auxiliary  steam 
engines,  wherein  exhaust  steam  from  the  auxiliary  inacliiiiery 
is  utilised  for  doing  work  before  entering  the  <oii(Jcnser,  it 
has  been  proposed  to  pass  the  exhaust  steam  from  r'  '  ij'r',' ;〖， 
ing  steam  engines  first  through  a  minimum  pressure  hoil'  r 
or  auxiliary  generator  and  then,  together  with  the  steam 
generated  in  such  boiler,  through  ； i  supfrlicat f*r  I"'; 山 "I  hv 
the  waste  gases  of  this  boiler  before  being  led  to  the  >，'  mi 
turbine,  and  it  has  also  been  proposed  to  supplement  at  will 
the  power  developed  by  main  reciprocating  steam  engiin- 
utilising  the  exhaust  steam  of  such  engines,  after  passing  it 
through  a  superheater,  in  a  liigh-speed  turbine  driving  a 
polyphase  electric  generator,  the  current  from  which  drives 
an  electric  motor  mounted  on  the  shafts  of  the  main  recipro- 
cating engines. 

In  the  arrangement  under  notice,  which  lias  been 
patented  by  Mr.  A.  F.  Yarrow,  Campsie  Dene,  Blanel" 小 1， 
Stirlingshire,  the  exhaust  steam  from  the  auxiliary  inaclii- 
iiery of  the  steam  installations  of  ships  working  on  the  closed 
exhaust  system  (according  to  which  the  exhaust  steam  from 
all  the  engines,  whether  condensing  or  not,  is  returned 
directly  or  indirectly  to  the  boilers)  is  taken  directly  to  a 
heater  or  superheater  wherein  its  temperature  is  raised  bv 
heat  derived  either  from  the  furnace  gases  or  from  the  live 
steam  of  a  high-pressure  steam  generator,  or  from  a 
separately  fired  heater  independent  of  the  steam  general  inu 
plant,  or  from  the  exhaust  gases  of  an  internal-cornbu>l  ion 
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engine,  should  the  installation  comprise  such  an  element .  ami 
thence  passes  to  the  low  pressure  side  of  the  main  propelling 
turbines  of  the  system .  The  exhaust  couuections  from  the 
auxiliary  machinery  are  such  that  heated  or  superheated 
exhaust  steam  only  can  be  delivered  to  the 川 ain  turbines 
from  the  auxiliary  machinery,  or  the  exhaust  steam  from  the 
auxiliary  machinery  can  be  delivered  to  the  main  turbines 
without  passing  through  the  heater,  or  a  uiixture  of  heated 
and  non-heated  exhaust  steam  can  be  delivered  to  t  lie 
turbines. 

One  arrangement  is  shown  diagranuiiatically  in  the  accom- 
panying cut,  wherein  A  represents  one  of  the  boilers  which 
provide  steam  for  the  main  propelling  turbines  B  B  and  for 
the  auxiliary  rnacliinery  of  the  vessel .  K  S  represents  the 
exhaust  pipe  connections  from  the  auxiliary  inachiiierv  to  the 
steam  turbines  B  aud  condensers  I),  T  being  automatic  or 
shut-off  valves  controlling  atlinission  of  exhaust  steam  to  t he 
condensers.  A  heater  C  is  provided  within  the  furnace  ra、iir: 
of  one  of  tlie  hoilors  A,  and  t his  Iumu'i.  is  coiinertecl  on  tin1 
one  hand  with  exhaust  steam  pipe  R，  and  on  the  other  hand 
with  a  pipe  F  leading  to  a  valve  V，  and  thence  to  the  low- 
pressure  side  of  the  propelling  t uridines  B.  As  sliown.  tli'、 
valve  V  controls  the  snj)ply  of  the  exhaust  steam,  whether 
heated  or  not ,  from  the  auxiliary  niiU'hinerv  to  the  main 
turbines,  the  valve  being  of  such  a  «*!iaracter  that  eitlier 
heated  exhaust  steam  only  from  pipe  F  can  be  delivered  to 
the  main  turbines  from  the  auxiliary  niachinerv,  or  the 
exhaust  steam  from  the  auxiliary  machinery  ran  be  delivered 
through  pipes  R  S  to  the  main  turbines  without  pawiiii: 
through  the  heater,  or  a  mixture  of  heated  and  non-heat r«l 
exhaust  steam  from  pipes  F  li  S  can  be  delivered  to  the 
turbines. 
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POWER  ECONOMICS  FOR  INTERMITTENT  LOADS.* 

BY  E.  IVOR  DAVID,  A.M.I.K.E. 

The  reciprocating  steam  engine,  by  virtue  of  its  elasticity 
and  ease  of  control,  has  for  many  years  been  considered  the 
only  prime  mover  suitable  for  intermittent  or  reversing  loads, 
but  its  position  is  now  being  assailed  ou  all  sides.  With  the 
exception  of  the  piston  type  steam  engine,  the  available  prinie 
movers,  including  gas  engines,  oil  engines,  petrol  engines, 
water  and  steam  turbines,  are  not  easily  reversible,  and  there- 
fore not  directly  applicable  to  loads  requiring  to  be  reversed 
frequently.  It  is  necessary  to  provide  some  means  of  trans- 
niissioii  or  transformation,  and  electricity  has  proved  most 
suitable  for  this  purpose.     Various  livdraulic  devices  liave 
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also  been  tried,  notably  the  Fottinger,  for  ship  propulsion. 
The  steam  turbine  is  particularly  suitable  for  the  generation 
of  cheap  electric  power,  and  its  liigh  overload  capacity  renders 
it  especially  suitable  for  loads  of  the  most  fluctuating 
character. 

The  first  cost  of  an  equipment  using  electricity  as  the 
means  of  transmission  is  usually  higher  than  that  in  which 
the  prime  mover  is  directly  applied  to  tlie  load,  but  the 
total  working  costs  are  generally  lower.  The  reason  for 
this  is  not  at  first  apparent,  but  it  will  be  seen  that  though 
the  steam  engine  is  MiitHl>le  for  dealing  with  variable  loads, 
it  is  very  uneconomical,  especially  when  it  is  required  to 
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material  from  a  certain  de]>ih,  at  a  certain  inaxiinurn  rate 
per  hour.  The  ordinary  type  of  steain  engine  employed  for 
1  liis  purpose  has  two  cranks,  and  two  liigh-pressu re  cylin- 
ders, with  occasionally  two  low-pressure  cylinders  in  tandem 
witJi  the  high-pressure.  The  cranks  are  generally  arranged 
at  right  angles,  and  Fig.  1  shows  that  tliere  are  four  periods 
in  a  revolution,  where  one  cylinder  only  is  operative.  For 
economy ?  it  is  required  that  the  steam  sliould  be  cut  off  early 
in  the  stroke,  but  if  cut-off  takes  place  earlier  than  half-stroke 
tlie  engine  will  not  start  at  any  of  four  points  in  a  revolution. 
The  usual  rut-off  at  starting  is  '8  to  '9  of  the  stroke  for 
winding  engines.  The  diagram  gives  the  tangential  effort 
per  square  inch  of  piston  area,  assuming  an  initial  pressure 
of  lOOlbs.  per  square  inch  gauge,  31bs.  per  square  inch  back 
pressure,  cut  off  at  0'8,  and  a  connecting  rod  five  times  tlie 
crank  length.  Tlie  average  tangential  effort  over  a  revolu- 
tion is  119'231bs.,  and  the  minimum  42'51bs.,  the  ratio  of 
average  to  minimum  is  therefore  2'81  to  1. 

The  starting  load  on  a  winder  consists  partly  of  tlio 
static  load  due  to  unbalanced  weights  on  the  ro])e,  and 
partly  of  the  dynamic  load  due  to  tlie  effort  required  to 
accelerate  the  masses  of  the  gear  and  the  load.  The 
minimum  engine  starting  torque  must  be  capable  of  over- 
coming the  former,  together  with  the  various  frictional 
resistances,  and  also  imparting  a  slight  acceleration  to  the 
masses.  An  engine  of  sufficient  size  to  start  its  load  under 
all  conditions  would  therefore  be  50  to  100  per  cent,  larger 
than  necessary  once  it  attained  sufficient  speed  to  carry  it 
over  the  low  torque  periods.  Owing  to  the  excessive  torque 
of  the  engine,  once  the  starting  difficulty  is  overcome,  tlie 
acceleration  of  the  moving  masses  and  the  resulting  stresses 
produced  on  the  machine  parts  are  】iigh.  The  late  cut  oil 
results  in  very  uneconomical  use  of  the  steam,  and  various 
automatic  devices  have  been  introduced,  to  effect  an  earlier 
cut-off  once  the  machine  has  attained  a  reasonable  speed. 
These  have  been  more  or  less  successful,  but  their  range  is 
limited  with  ordinary  Stevenson's  link  motion,  as  the 
ratio  of  expansion  for  satisfactory  working  is  not  more 
than  2  ；  earlier  cut- off  produces  excessive  wire  drawing  and 
back  pressure.  In  more  modern  engines,  with  Corliss  or 
drop-valve  gear,  variable  expansion  is  usually  adopted, 
controlled  by  some  form  of  governor,  and  a  wider  range  is 
possible. 

A  normal  wind  for  a  mine  hoist  jnay  be  divided  into 
three  periods ― acceleration,  tull  -speed,  and  braking.  During 
tlie  acceleration  period,  energy  is  imparted  to  the  masses  of 
the  winder  and  load，   and  for  economy  should  be  utilised 
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Name  of  I'lant. 

Capacity  of  I'lant. 

Load  during  Test. 

Kw.  lioius 
per  Shaft 
li.l).  hour. 

Lbs.  Steam 
per  Sliait 
li  p  horn-. 

Load 
Factor 
per  Cent. 

Tons  per 
hour. 

Winding 
Depth.  Ft. 

Shaft, 
h.p. 

Tons  ]>er 
liouv. 

Winding 
Depth.  Ft. 

Shaft. 

Steam  Winding  Engines  : 

>So-hurbank  u.  Chatlottenburg  

130 

2020 

392 

139 

1980 

313.8 

36  H 

80 

Julia   

124 

2620 

374 

121 

1340 

187 

59.3 

50 

Heine  u.  Amalie  

108 

2230 

277 

89 

1815 

185 -C 

54.5 

67 

Wilht'lniine  Victoria   

138 

2620 

415 

120 

1990 

274  -5 

40.6 

G6.2 

Wcsterliolt   

113 

2020 

340 

144 

1750 

288-4 

29-4 

85 

Electric  Winding  Engines  ： 

Deutscher  Kaiser    

148 

2300 

390 

84 

1240 

119-0 

2-29 

36  G 

30-7 

Reinelbe  

126 

3280 

473 

189 

1210 

262.7 

1.67 

20-7 

55-0 

Emscher-lippe   

213 

2950 

722 

222 

2200 

559-1 

1.39 

22-3 

77- G 

Castellengo   

177 

875 

175 

111 

850 

107 

1.53 

24-5 

61-5 

Bernterode   

79 

1875 

168 

49 

1875 

104 

1.51 

24-2 

o 

O 

operate  against  heavy  starting  torques.  An  engine  working 
against  an  intermittent  or  reversing  load  has  to  overcome 
not  only  the  ordinary  resistance  or  load,  but  also  the  inertia 
effects  due  to  acceleration  and  deceleration  of  the  moving 
parts,  which  in  some  cases  exceed  the  net  load.  In  the  case 
of  winding  engines  where  the  moving  masses  are  】ieavy，  or 
reversing  rolling  mill  engines,  where  the  rate  of  acceleration 
is  high,  the  starting  effort  is  the  limiting  feature  to  be 
considered  in  the  design. 

Consider  first  the  case  of  winding  engines  for  mines. 
A  winding  engine  is  required  to  raise  a  certain  weight  of 

， Paper  read  before  the  Kugby  Engineering  Society,  March  10th,  1911. 


during  the  braking  period.  To  effect  this  the  steam  should 
l»e  shut  off  at  some  point  during  the;  wind,  such  that  the 
accumulated  energy  of  the  moving  masses  is  sufficient  to 
carry  out  the  remainder.  This  ideal  condition  is  seldom 
possible,  as  the  time  available  for  a  wind  is  usually  so  short 
that  high  rates  of  accelerations  and  retardations  are  neces- 
sary to  keep  the  maximum  speeds  within  the  limits  per- 
mitted. To  obviate  unnecessary  wear  and  tear  of  the  brake 
gear,  the  winder  is  often  retarded  under  reversed  steam  with 
a  slight  touch  of  the  brakes  as  the  set  comes  to  rest,  and 
thus  Uie  greater  part  of  the  energy  imparted  to  tlie  moving 
masses  is  wasted.      The  curves  given  in  Fig.  2  show  the 
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ordinary  values  for  acceleration,  braking,  velocity,  torque, 
and  horse-power  for  a  steam  winder.  These  have  been 
developed  from  the  set  of  continuous  indicator  diagrams, 
Pig.  3，  taken  from  a  two-cylinder  engine  running  under 
normal  conditions.  The  engine  was  very  carefully  driven 
for  maximum  economy,  and  was  linkod  up  after  ilie  fir-st  tVw 
strokes. 

Tlie  steam  accounted  for  on  the  indicator  diagrams  is 
always  considerably  less  than  that  actually  taken  by  the 
engines  as  measured  by  the  feed-water  consumption.  ]  n 
one  carefully-executed  test  it  was  only  about  50  per  cent., 
85'31bs.  of  steam  at  501bs.  per  square  inch  gauge  per  indi- 
cated horse-power  being  evaporated,  but  only  451bs.  per 
indicated  horse-power  being  calculated   f roni  tlie  indicafoi- 
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diagrams.  The  calculation  of  tlie  feed  input  to  a  range  of 
boilers  specially  set  apart  for  a  particular  winder  is  a  diffi- 
cult matter  in  an  ordinary  colliery  installation,  and  there- 
fore reliable  tests  of  steam  winders  are  few.  It  is  possible 
that  the  introduction  of  the  steam -flow  meter  may  provide 
a  simple  and  convenient  means  of  checking  these  consump- 
tions, as  such  a  meter  can  be  installed  in  the  engine  steam 
branch  and  will  give  a  continuous  record  of  the  steam  used. 

Table  I.  (taken  from  a  recent  article  by  Prof.  Phillippi) 
gives  the  results  of  a  series  of  tests  taken  on  steam  and 
electric  winding  engine?.  The  steam  winders  were  all  of 
modern  type  and  fitted  with  expansion  gear.  The  "load 
factor  "  in  the  last  column  is  the  "ratio  of  the  effective 
horse-power  during  a  test  to  the  effective  shaft  horse-power  of 
the  installation,  as  given  in  column  3.  In  the  table  the 
Deutscher-Kaiser  installation  shows  a  particularly  poor  load 
factor.  The  winding  depth  was  little  more  than  half  that  for 
which  the  plant  was  designed,  and  during  the  test  the  weight 
of  coal  raised  per  hour  only  exceeded  very  slightly  half  of 
that  provided  for.  It  is  also  necessary  to  allow  for  the 
unfavourable  influence  of  the  mass  and  relatively  great 
diameter  of  the  winding  pulley }  and  the  relatively  high 
weight  of  the  cage.  It  is  necessary  to  take  into  account  other 
facts  prejudicial  to  the  electrical  equipments  tested.  Flywheel 
converters  of  early  design  ran  too  slowly,  and  therefore 
required  comparatively  heavy  flywheels  ；  further,  the 
efficiencies  of  the  generators  and  three-phase  motors  were 
slightly  inferiori  to  those  obtained  at  the  present  time  in 
the  case  of  flywheel  converters  of  increased  speed . 

In  the  case  of  the  steam-driven  winding  engines,  it  is 
necessary  to  draw  attention  to  tlie  difference  existing 
between  the  consumption  of  steam  measured  during  the 
tests  and  that  for  a  whole  day  of  24  hours  ；  for  instance,  a 
steam-driven  winder  at  the  Schurbank  und  Cliarlottenburg 
mine  required  36'31bs.  of  steam  per  shaft  horse-power  per 
hour  during  the  winding  period,  but  the  consumption 
measured  over  24  hours  amounted  to  58' libs,  per  shaft  horse- 
power per  hour.  This  shows  that  the  figures  sometimes 
quoted  for  steam-winding  engines  and  obtained  hy  tests 
extending  over  short  periods  only  are  of  no  value  as  a  basis 
for  an  estimate  of  the  true  running  charges.  This  remark 
also  applies  to  rolling-mill  engines.    The  results  ^iven  rim 卜 


pare  very  favourably  witli  tliose  obtained  in  this  country  in 
which  the  steam  consumptions  have  been  usually  over  lOOlhs. 
per  shaft  horse-power.  This  shaft  horse-power  is  calculated 
from  the  average  useful  weight  of  mineral  raised  per  liour 
and  the  depth  from  which  this  is  lifted. 

It  will  be  seen  tliat  from  the  point  of  view  of  ener^v 
consumption  the  electric  equipments  are  superior  to  thf 
steam.  The  electric  motor,  whether  alternating  or  direct 
current,  is  particularly  suited  for  winding  duty  ；  its  starting 
torque  may  be  as  high  as  2'5  to  3  times  its  normal  full 
load  torque,  and  in  the  case  of  the  direct-current  motor  this 
starting  torque  is  available  at  any  point  in  a  revolution. 
In  alternating-current  induction  motors,  owing  to  the  effect 
of  stator  and  rotor  slots,  there  are  slight  variations  of 
torque  over  a  pole  angle,  but  even  at  the  point  of  mini  mum 
mutual  induction  between  stator  and  rotor  the  maxinmrn 
torque  will  reach  the  values  given  above,  provided  the 
machine  is  suitably  designed.  Thus  the  high  starting  and 
accelerating  torques  required  are  easily  provided  by  an 
electric  motor  without  the  machine  being  of  excessive  size 
for  the  average  load.  Owing  to  the  uniform  nature  of  tl"' 
starting  torque  that  rate  of  acceleration  can  be  chosen 
which  gives  the  most  economical  relation  between  maxiinuni 
and  average  torques  for  the  wind.  Electric  winding  engines 
are  of  two  general  types : — 

(1)  Those  in  which  the  control  is  effected  by  series 
resistance  in  the  armature  circuit  in  the  case  of  direct-current 
machine,  and  in  the  rotor  circuit  in  the  case  of  alternating- 
current  machines.  This  method  is  only  economical  when  the 
starting  and  braking  periods  form  a  small  percentage  of  the 
total  time  ；  it  is  used  for  small  machiaes,  or  for  larger 
machines  where  no  variations  of  the  maximum  speed  are 
required. 

(2)  Those  in  which  control  is  effected  by  an  external 
machine  or  machines  ；  of  this  type  the  Ward-Leonard  is 
the  best.  In  this  arrangement  the  armature  of  the  winding 
motor  is  connected  to  a  direct-current  generator,  the  field 
strength  of  which  may  be  varied  from  zero  to  maximiun  in 
either  direction.  The  generator  is  driven  by  an  engine, 
turbine,  or  electric  motor  at  a  more  or  less  constant  speed, 
and  the  voltage  at  the  terminals  of  the  winding  motor 
armature  will  therefore  vary  with  the  generator  field.  The 
winder  motor  field  is  supplied  from  a  separate  source  and 
is  usually  maintained  constant ；  the  speed  of  the  motor  will 
therefore  vary  approximately  as  the  voltage  supplied  to  its 
terminals.  Thus  any  speed  from  zero  to  maximum  in  either 
direction  may  be  obtained  at  will,  and  as  the  field  current 
of  a  direct-current  generator  is  only  about  1  or  2  per  cent, 
of  its  armature  current,  the  apparatus  for  handling  this 
current  is  correspondingly  reduced.      Further,  if  a  braking 


Back. 


effort  is  required  on  the  winding  motor,  by  reducing  the 
voltage  of  the  generator  below  the  back  electromotive 
force  of  the  winder  motor,  a  reverse  current  will  flow,  the 
motor  becomes  a  generator  aud  the  generator  a  motor. 
The  winder  thus  drives  its  motor  as  a  generator  and  a 
braking  effect  of  any  desired  magnitude  is  produced.  This 
dynamic  braking  energy  can  be  absorbed  in  various  ways. 
If  the  driving  motor  of  the  motor  generator  set  is  an  induc- 
tion motor,  the  generator  acting  as  a  motor  will  tend  to  drive 
it  above  synchronism  and  thus  return  power  to  the  line. 
Frequently  a  flywheel  is  coupled  to  the  motor  generator  set 
to  level  out  the  peak  loads.    This  flvwlieel  will  absorb  the 
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braking  energy,  and  store  it  ready  for  the  next  peak.  The 
whole  of  the  energy  imparted  to  the  moving  masses,  with 
the  exception  of  slight  losses  in  transformation,  can  thus  be 
conserved  with  a  resulting  increase  in  the  economy  of  the 
plant.  In  equipments  of  the  first  type  controlled  by  series 
resistance  it  is  not  possible  to  conserve  the  braking  energy. 
It  is  also  not  economical  to  run  at  any  other  speed  than  that 
for  which  the  motor  is  designed,  as  doing  so  involves  heavy- 
losses  in  resistances,  but  equipments  of  this  type  have  a 
definite  field  where  their  lower  first  cost  balances  their  lower 
economy. 

A  diagram  for  a  Ward-Leonard  controlled  winder  is 
given  in  Fig.  4.  This  refers  to  a  plant  suitable  for  raising 
267  tons  per  hour,  or  2,000  tons  per  day  from  a  depth  of  730 
yards.    The  weights  of  the  various  masses  to  be  accelerated 
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Weight  of  Coal  per  hour,  267  tons  ；  weight  of  coal  per  wind,  4  tons  ；  depth  of 
shaft,  730  yards. 

reduced  to  the  rope  amounted  to  156，00〕lbs.，  including  two 
direct-coupled  motors,  a  drum  16ft.  diam.  by  13ft.  6in.  wide, 
two  cages  each  six  tons,  16  tubs  each  4  cwts.,  eight  loads  of 
coal  each  10^  cwts.,  that  is,  4  tons  4  cwts.  per  wind,  the  total 
weight  of  rope,  including  a  balance  rope,  21  tons.  This 
machine  will  be  supplied  by  a  motor  generator  set  running 
at  480  revs,  per  minute,  driven  by  an  induction  motor  of 
1,400  h.p.  with  a  35 -ton  flywheel,  12ft.  6in.  diam.,  coupled 
to  the  generator.  The  guaranteed  consumption  of  power  for 
this  winder  when  raising  2,000  tons  of  coal  per  day  was  1  7*8 
Board  of  Trade  units  per  wind,  or  4*24  units  per  ton.  This 
is  equivalent  to  1*71  units  per  shaft  horse-power  hour,  or  an 
efficiency  from  line  to  load  of  43'4  per  cent.  This  is  a  low 
value  but  the  conditions  are  against  high  efficiency  owing 
to  the  small  weight  per  wind  and  the  very  high  speed  (over 
75ft.  per  second,  or  51  miles  per  hour)  required  to  raise  the 
specified  weight  per  hour.  When  raising  233  tons  per  hour, 
or  1,750  tons  per  day,  the  efficiency  is  slightly  higher,  17'2 
units  per  wind  pv  1'65  units  per  shaft  horse-power,  that  is 
45  per  cent,  overall  efficiency.  Two  winders  of  this  size  will 
form  the  equipment  of  the  colliery,  the  total  output  of  which 
will  be  4,000  tons  per  day.  Assuming  250  working  days  per 
annum,  this  amounts  to  1,000,000  tons  per  annum.  A 
method  of  expressing  the  coal  consumption  of  the  colliery 
equipment  as  a  percentage  of  the  total  output  will  in  this 
instance  give  an  interesting  comparison.  The  other  loads  on 
this  colliery  plant  would  be  as  follows : — 


Colliery  Load. 

Day. 

Night. 

F;m  - 

275  kw. 

Air  Compressor  -  - 

200  ，， 

Screens     -       -  - 

75 

Creepers    -       -  - 

10  ,、 

Fitting  Shops    -  - 

20  ，， 

10  ,. 

Saw  Mill   -       -  - 

10  " 

Pumping  -       -  - 

150  ,. 

Lighting  - 

10  ，， 

30  ，， 

Auxiliaries        -  - 

Feed  Pumps,  Stokers 

175 

100  -， 

Scrapers,  Fans,  &('•' - 

775  ，，  Total 

575  ，，  Total. 

The  two  winders  will  work  for  9 J  hours  at  full  】oad， 
including  7|  hours  winding  coal  and  one  hour,  at  the  begin- 
ning and  end  of  eacli  shift,  winding  men  ；  the  average 
consumption  for  the  two  machines  running  together  will  he 
2,203  kw.  The  total  day  load  will  therefore  be  2,988  kw., 
say  3,000,  and  this  will  be  taken  by  two  1,500  kw.  turbines, 
the  average  steam  consumption  (at  ]5'61bs.  per  kilowatt  hour) 
being  46，0O01bs.  of  steam  per  hour.  Assuming  a  low 
evaporation  of  61bs.  of  water  per  pound  of  coal,  the  total 
coal  used  per  day  of  9^  hour?  will  be  33"  1  tons.  Six  Lanca- 
shire boilers,  30ft.  x  8ft.  6in.，  each  having  a  capacity  of 
8，0001bs.  of  water  per  hour,  will  be  ample  for  supplying  this 
load,  as  the  chief  demand,  viz.,  that  from  the  winding 
equipment,  will,  when  the  winders  are  working  at  full  speed, 
be  almost  uniform,  the  peaks  rarely  exceeding  the  average 
by  10  per  cent.  For  the  working  portion  of  the  day  alone,  it 
will  be  seen  that  33'1  tons  of  coal  are  required  under  tlie 
boilers.  This  is  equivalent  to  '88  of  1  per  cent,  of  the  total 
output  of  the  colliery. 

For  the  night  load,  we  take  the  average  of  575  kw.  for 
14^  hours  ；  assuming  a  steam  consumption  of  201bs.  per 
kilowatt-hour,  as  tins  load  is  likely  to  be  fairly  uniform,  the 
steam  consumption  per  hour  will  be  ll,5001bs.  Probably 
this  load  will  be  taken  by  two  boilers，  the  remainder  being 
banked.  Allowing  for  a  low  rate  of  evaporation,  say，  41bs. 
of  water  per  pound  of  coal,  the  coal  necessary  for  the  night 
run  of  hours  would  be  18*63  tons.  This  allows  for  bank- 
ing and  relighting  the  other  boilers,  and  also  of  a  supply  of 
steam  for  the  necessary  winds,  which  will  be  made  during 
the  night,  for  repairers,  firemen,  &c.  This  makes  a  total 
for  night  and  day  load  of  51*73  tons,  which  is  equivalent  to 
1*3  per  cent,  of  the  total  output  of  the  pit  when  working 
at  full  speed.  Assuming  that  there  will  be  250  working  days 
per  annum,  tliis  leaves  115  idle  days.  For  the  idle  days, 
which  include  Sundays  and  holidays,  the  load  will  be  ： ― 

Fan  ,   Reduced  speed  100  kw. 

Pumping    ，，  50  ，， 

Lighting    ，，  10   ，，  Day. 

'，    ，，  30  Night. 

Auxiliaries    ，，  50  ，， 

Total    210  ，， 

The  consumption  per  kilowatt-hour  will  be  about  251bs. 
at  this  low  load,  thus  the  average  steam  required  per  hour 
will  be  5,2501bs.  One  boiler  will  be  sufficient  to  carry 
this  load,  but  it  would  be  preferable  to  keep  two  boilers 
under  steam  to  allow  of  occasional  use  of  the  winders  at 
reduced  speed.  We  therefore  assume  that  two  boilers  are 
running  during  the  idle  days,  evaporating  41bs.  of  water 
per  pound  of  coal.  This  will  require  14*7  tons  of  coal  per  day 
of  24  hours.  Allowing  for  banking  of  further  four  boilers, 
and  relighting  same  3*3  tons,  this  gives  a  total  of  18  tons  per 
day  of  24  hours.  For  115  such  days  the  total  consumption 
will  be  2,070  tons.  For  250  days,  working  at  full  output, 
the  consumption  will  be  12,930  tons,  making  a  total  for 
365  clays  of  15,000  tons  of  coal  per  annum,  or  1*5  per  cent, 
of  the  total  output  per  annum.  In  a  similar  way  it  may  be 
shown  that  the  coal  consumption  when  running  at  slightly 
reduced  output,  say,  3,500  tons  per  day,  or  875,000  tons  per 
annum,  would  be  1*64  per  cent,  of  the  total  output. 

A  steam  winding  equipment  for  the  same  output  would 
require  at  least  601bs.  of  steam  per  shaft  horse-power  hour,  in 
view  of  the  heavy  starting  torque,  high  velocity,  and  heavy 
braking  losses.  As  the  shaft  horse-power  is  663,  the  steam 
consumption  per  winder  per  hour  would  be  40，0001bs.  To 
keep  the  piston  speed  down  to  a  reasonable  value  the  drum 
would  require  to  be  about  26ft.  diam.  In  view  of  the  fact 
that  a  balance  rope  is  to  be  used,  a  cyiindro-conical  drum 
would  not  be  necessary.  If  the  engines  were  of  the  simple 
liigh-pressure  type,  two  cylinders,  36in.  diam.  x  7ft.  stroke, 
would  be  necessary.  If  of  the  tandem  compound  type,  with 
automatic  retaining  valves  on  the  receiver,  the  high-pressure 
cylinders  might  be  smaller,  and  the  consumption  would 
probably  be  reduced  by  20  to  25  per  cent.  The  cost  of  this 
engine  would  be  30  to  35  per  cent,  higher  than  the  simple 
engine,  and  the  control  gear  and  upkeep  much-  increased. 
The  exhaust  steam  from  these  engines  would  be  available  for 
use  in  turbines,  and  there  would  be  obtained  about  900  kw. 
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from  each  winder,  allowing  32*71l)s.  of  steam  per  kilowatt- 
hour,  a  dryness  fraction  of  0*9  for  the  steam  coming  from  1  lu* 
winders,  and  losses  of  about  5  to  7i  per  cent,  in  an  accujim- 
lator.  In  tJiis  instance  only  788  k w.  was  required  during 
the  day,  and  a  500  kw.  niixed-pressure  turhino  atiarlied  to 
eacli  winding  engine  would  give  am])le  power.  The  average 
steam  consumption  for  the  two  winders  and  all  other  loads 
would  therefore  be  80,0001bs.  per  hour  during  the  winding 
period  of  9 J  hours,  but  the  maximum  demand  would  be 
very  much  in  excess  of  this.  One  winder  alone  during  the 
accelerating  period  would  take  steam  at  i  he,  t  rai o  of 
]00,000H)s.  of  steam  per  lion \\  and  should  the  two  start 
together  the  demand  would  correspondingly  increase. 

The  boilers  woukf  Miorefore  ])e  working  under  v('r、' 
inferior  conditions,  and  witli  the  same  coal  as  before  the 
evaporation  per  pound  would  he  al)out  51bs.  of  water.  To 
provide  the  necessary  reservoir  of  steam  for  these  peak  loads 
at  least  12  30ft.  x  8ft.  Gin.  Lancashire  boilers  would  he 
necessary.  The  coal  consumption  over  the  91  hours  would 
be  67'8  tons.  During  the  night  it.  would  he  necessary  to 
run  one  turbine  and  to  permit  of  occasional  use  of  one  or 
other  winding  engine  at  least 
four  boilers  would  be  needed, 
the  remainder  being  banked. 
The  coal  consumption  for  these 
boilers  for  14^  hours  at  10  cwts. 
per  boiler  per  hour  would  be  29 
tons.  Thus  the  total  for  a  work- 
ing day  and  night  would  be  96'8 
tons,  that  is  2*42  per  cent,  of  the 
total  output.  For  the  115  idle 
d ays  steam  must  be  available  for 
the  winding  engines,  and  the 
average  consumption  of  four 
boilers,  with  an  allowance  for 
hanking  or  relighting  the  l'e- 
inaindei',  would  be  36  tons  per 
day  of  24  hours,  making  a  total 
of  28,340  tons  per  annum  or 
2*834  per  rent,  of  the  total  out- 
put. 

It  appears  that  the  electric  winding  equipment  is  pre- 
ferable from  the  point  of  view  of  economy,  and  there  can  be 
no  doubt  that  it  is  superior  to  the  steam  winder  in  ease  JDf 
operation,  accuracy  of  control,  and  owing  to  its  uniform 
torque  less  severe  on  ropes,  headgear,  and  mo/ing  parts,  it 
is  certainly  equal,  if  not  superior,  in  reliability.  It  is,  how- 
ever, in  nearly  all  cases  liigher  in  first'  cost,  and  its  higher 
economy  has  to  be  carefully  considered  against  this  factor. 
Taking  the  above  example,  the  capital  cost  of  the  two  electric 
winders,  including  drums,  gear,  motor  generator  set  with  two 
35-ton  flywheels,  three  1,500  kw.  turbines  with  condensing 
plant,  eight  boilers,  buildings,  foundations,  and  all  the  neces- 
sary accessories,  is  £80,000.  For  the  complete  steam  wind- 
ing equipment,  with  two  1,000  kw.  mixed-press  ire  turbines, 
boilers,  buildings,  &c.，  the  total  cost  would  be  £60,000,  or 
25  per  cent,  less  than  the  electric  winder  and  high-pressure 
turbine  equipment,.  As  a  further  comparison,  a  scheme 
including  electric  winders  and  a  set  of  four  1,000  kw.  gas 
engines  and  generators,  gas  producers,  and  by-product 
recovery  plant,  including  a  spare  producer  set,  would  cost 
£158,000.  The  following  running  costs  include  interest  and 
depreciation,  repairs,  renewals,  oil  and  waste,  enginemen  and 
stokers'  wages,  &c.  Depreciation  varies  with  tlie  different 
portions  of  the  plant  from  3  to  71  per  cent.  Interest  on 
capital  is  taken  at  5  per  cent. 

Running  cost 


this  power  coulcl  probably  be  disposed  of.  Assuming  that 
1,000  kw.  surplus  can  he  prodiu  efl  during  tlie  winding  period, 
this  equals  2,375,000  units  per  annum,  which  would  have  a 
value  of  about  0'15d.  a  unit,  or  £1,500  per  ami  inn.  Thia 
would  be  credited  to  the  Hteam  e(|i"pment,  rediuini;  the 
running  charges  to  £22,100  per  aiiniur^  or  1 1*5  \k\  '"i" 
greater  than  the  electric  winding  (''|iiipment. 

(To  be  continued.) 

HARPERS  FRICTION  CLUTCH. 

The  chitcli  shown  in  the  accompanying  cuta  has  been  recently 
patented  by  Messrs.  Harpers,  Ltd^  Craiginrhes  Iron  Works, 
Aberdeen,  and  Mr.  Tlionias  Mowat,  M.  I. M  E.  It  is  of  the  in- 
ternal expanding  type,  in  which  shoes  are  moved  radially  out- 
wards into  engagement  witli  a  drum  by  a  rocking  arm,  and  has 
been  designed  to  render  such  clutches  readily  adjustable.  In 
order  to  effect  this,  right  and  left-handed  screw-threaded  rods 
operated  by  a  nut  on  a  rocking  arm,  engage  with  eccentric 
pins  carried  by  tlie  clutch  shoes.  Referring  to  the  illustra- 
tions, L  is  the  clutch  drum  loose  upon  the  shaft  and  M  t lu- 
shoes  which  can  be  thrust  radially  outwards  into  engagement 


Hahper's  Fhiction  Clutch  . 


Fig.  ?.. 


with  it.  The  shoes  are  provided  with  lugs  N  carrying  tlie 
pins  O.  Right  and  left-handed  screw-threaded  eye  bolts  P 
are  provided  in  which  the  eyes  engage  with  the  eccentric  sur- 
face Q  of  the  pins.  R  are  locking  bolts  and  S  locking  nuts  to 
prevent  the  pins  O  from  turning.  Right  and  left-handed 
screw-threaded  nuts  T  engage  with  the  eye  bolts  P.  U  are 
arms  on  the  nuts  T,  which  are  linked  to  the  sliding  collar  V 
by  the  links  W.  The  lugs  N  are  guided  by  the  plate  X  keyed 
to  the  shaft.  The  plate  X  has  also  guiding  pins  Y  passing 
loosely  through  lugs  Z  on  the  shoes  M.  In  the  illustrations 
the  clutch  is  shown  in  engagement.  If  the  sliding  collar  be 
withdrawn  to  the  dotted  position  shown  in  Fig.  2  the  nuts 
T  will  be  turned'  by  the  links  W  and  arms  U  and  the  shoes 
M  drawn  out  of  engagement  with  the  drum.  In  order  to 
adjust  the  clutch  one  or  more  of  the  lock  nuts  S  and  bolts  R 
are  slackened,  and  one  or  more  of  the  pins  O  are  then  turned 
the  required  amount  and  again  locked  iri  position  by  the 
holts  R  and  nuts  S. 


For  the  electric  winding  and  horse-power  tur-  <£ 

bine  plant   19,800 

For  the  steam  winding  and  mixed-pressure  tur- 
bine plant    23,600 

For  the  gas  engine  and  electric  winding  plant...  25,600 
These  costs  are  based  on  an  output  of  1,000,000  tons  per 
annum,  and  the  gas  engine  plant  is  credited  with  the  value 
of  the  by-products.  The  steam  winding  plant  might  be 
placed  on  a  slightly  more  favourable  basis  if  a  market  were 
available  for  the  surplus  power  which  would  be  generated 
from  the  exhaust  steam.    Tn  the  case  of  a  group  of  collieries, 


Death  of  Mr.  George  Wcstin^housc.  --  We  i  t  — m  'i  ， 

the  death  of  Mr.  George  Westinghouse.  Born  at  Central 
Bridge,  Schoharie  County,  New  York,  68  years  ago,  he  early 
displayed  remarkable  mechanical  aptitude,  and  at  the  age  of 
15，  while  working  in  his  father  s  machine  shop,  invented  a 
rotary  machine.  He  served  as  an  assistant  engineer  iu  the 
United  States  Navy  during  1864-65.  In  the  latter  year 
he  brought  out  a  device  for  replacing  railroad  cars  on 
the  track,  and  three  years  later  produced  bis  great  achieve- 
ment, the  air  brake.  Other  inventions  he  introduced 
had  relation  to  steam  and  gas  engines  and  steam  turbines. 
He  was  the  pioneer  in  introducing  alternating-current 
machinery  in  America,  which  has  rendered  possible  the  great 
development  of  water  power  for  long  distances.  He  built 
the  great  generators  at  Niagara  Falls,  and  those  for  the 
Elevated  Railway  and  Rapid  Transit  System  in  New  York. 
He  was  president  of  numerous  corporations,  era  ploying  over 
20,000  people. 
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PNEUMATIC  TOOLS.* 

BY  H.  I.  BRACKENBURY. 
(f  'onrfttfhfJ  fro ni  ) 
The  problems  presented  to  the  manufacturer  of  pneumatic 
tools  differ  considerably  from  those  involved  in  tlie  production 
of  other  machines  actuated  by  a  fluid  under  pressure.  The 
ilesirable  qualities  in  a  pneumatic  tool  in  their  order  of 
importance  appear  to  be :  Reliability,  power,  cheapness, 
lightness,  ease  of  handling,  and  compactness,  and  low  air 
consum  ption. 

Up  to  the  pre&ent  probably  too  little  importance  has  been 
attached  to  the  last  of  these  desiderata.  It  is  no  uncommon 
thing  to  find  a  large  and  expensive  air  compressor  plant  eating 
up  power  and  delivering  enormous  volumes  of  air  to  supply 
the  incessant  drain  of  leaking  pipes  and  hoses,  and  the  inter- 
mittent demands  of  most  wasteful  types  of  tools.  This  fault 
is  largely  due  to  the  infrequency  with  which  the  supply  of  air 
is  measured.  There  are  now  on  the  market  several  types  of 
instruments  which  will  indicate  the  rate  of  flow  of  air  with 
reasonable  accuracy,  though  the  price  asked  for  them ,  at 
pre&ent,  is  rather  high,  owing,  no'  doubt,  to  the  small  demand. 
Perhaps  it  would  be  no  exaggeration  to  say  that  quite  gene- 
rally the  amount  of  air  lost  by  leaking  hoses  is  almost  equal  to 
that  used  by  the  pneumatic  tools  themselves.  The  leak  can 
be  easily  found  by  testing  at  meal  hours,  when  tlie  pneumatic 
tools  employed  will  not  be  in  operation,  but  the  leak  will  be 
unaffected  if  the  compression  plant  be  kept  running.  With- 
out doubt  the  convenience  and  reliability  of  these  tools  fully 
justify  their  employment  even  under  present  conditions,  but 
the  following  considerations  may  induce  those  that  employ 
them  to  exercise  greater  vigilance  in  avoiding  waste. 

Suppose  that  there  are  a  number  of  leaks  equivalent  to  a 
circular  hole  of  about  ^-in.  diam.,  a  case  that  would  be  only 
too  easy  to  discover.  If  the  air  supply  be  at  lOOlbs.  per 
square  inch  pressure,  the  air  leak  will  be  about  15  cub.  ft.  of 
f re e  air  per  minute,  or  about  2  cub  ft.  per  minute  of  thei  com- 
pressed air.  The  power  required  to  compress  this  will  be 
nearly  3  h.p.?  so  that  the  cost  of  the  leak  will  probably  be 
about  2d.  per  hour.  In  other  words,  the  leak  would  waste 
about  120  cub.  ft.  of  compressed  air  per  hour,  costing  about- 
Is.  4d.  per  thousand  cubic  feet ~ nearly  as  much  as  what  is 
paid  for  coal  gas. 

The  factors  governing  the  design  of  pneumatic  drilling 
machines  are  entirely  different  from  those  for  fixed  machines. 
In  the  latter  case,  the,  machine  is  designed  to  run  the  drill  at 
the  speeds  and  feeds  which  will  give  the'  quickest  penetration 
without  undue  wear  to  the  drill.  In  the  case  of  the 
pneumatic  drill,  the  power  is  the  governing  factor,  and  there- 
fore the  design  must  be  such  as  to  use  that  power  to  the 


Table  I. —— Drop  of  /Vm'〃'/  〃/  .1/  〃〃〃〃'"/  Fie  rihle  Ho-^e 
16A/^.  LoNf/,  \in.  Dunn rtcr  Bore. 
Initial  Pressure,  851  bs.  per  square  inch. 
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greatest  advantage,  i.e.,  to  rotate  tho  drill  at  thei  speed  at 
which  the  greatest  penetration  is  given  for  the  power.  This 
speed  is  a  slow  speed,  and  not  a  high  speed.  The  author 
found,  without  going  to  any  extreme  limits,  that  an  ordinary 
drilling  machine  required,  for  the  same  rate  of  penetration 
with  fast  speed  and  fine  feed,  double  the  power  required  with 
slow  speed  and  coarse  feed.      These  experiments  were  made 

*  Abstract  of  paper  read  before  the  Coventry  KiiHineerin^  Society ,  Coventrx . 
■Tannnry  -23i<l,  19H. 


with  a  drill  in  careful  alignment  with  the  work,  and  not,  as 
may  often  he  the  case,  with  a  pneumatic  drilling  machine 
supported  by  a  springing  arm  and  starting  with  the  drill  at 
aiivtliing  but  right  angles  to  the  surface  of  the  work,  condi- 
tions wliich  would  tend  to  increase  the  drill  friction.  The 
result  is  that  the  best  effects  are  obtained  by  running  the  drill 
at  slow  speeds,  and  not  at  liigh  speeds.  The  limit  in  this 
respect  would  be  reached  if  tlie  pressure  required  to  fe^d  the 
drill  were  more  than  could  be  conveniently  given  by  the  feed 
gear,  or  the  torque  exceeded  the  strength  of  the  drill  body 
or  cutting  edge. 

Drop  in  pressure  lias  a  very  important  bearing  on  the 
design  of  tool  which  may  be  employed  to  advantage.  Let  us 
take  as  an  example  the  tests  of  a  pneumatic  drilling  machine 
connected  to  the  main  supply  by  a  length  of  16ift.  of  liose 
of  iin.  internal  diameter.  As  shown  by  Table  L，  if  the  drill 
uses  70ft.  of  free  air  per  minute  and  the  pressure  of  air  on 
entering  the  ho&e  is  851bs.,  the  pressure  at  the  drill  will  only 
be  6 5 lbs.  When  the  air  is  allowed  to  flow  into  the  drilling 
machine,  a  high  speed  of  rotation  is  set  up  until  the  feed  is 
applied  by  the  feed  screw .  The  more  rapidly  tlie  feed  screw 
is  rotated  the  quicker  will  be  the  j>eiietration  of  the  drill  and 
the  slower  will  tho  drill  rotate,  with  the  final  limitation  that 
if  the  feed  is  too  rapid,  the  drill  will  stall  suddenly  and  there 
will  be  no  penetration.  This  appears  to  be  a  curious  paradox, 
for,  apart  from  considerations  of  wire  drawing,  the  indicated 
horse-power  of  the'  pneumatic  engine  would  seem  to  be 
dependent  on  its  speed  and  the  pressure  of  the  air.  But  since 
the  flow  of  air  is  decreased  at  the  slower  speed,  tlie  pressure 
rises  and  tlie  torque  increases.  Tlie  result  arrived  at  there- 
fore is  that  the  maximum  speed  of  penetration  is  given  bv 
that  speed  of  rotation  at  wliich  the  machine  develops  its 
minimum  hor&e-power,  but  its  maximum  stable  torque.  Con- 
siderable experience  of  running  drills  under  test  conditions 
has  proved  the  importance  of  applying  the  feed  with  judg- 
ment. A 】nan  used  to  this  work  can  get  much  better  results 
(ml  of  a  drill  than  can  another  man,  equally  intelligent  and 
skilful,  who  is  not  so  accustomed.  It  requires  the  greatest 
judgment'  in  order  to  feed  the  drill  so  rapidly  that  it  shall 
just ― and  only  just ~ escape  stalling.  It  has  been  found  that 
the  feed  must  he  reduced  sliglitlv  just  before  tlie  drill  breaks 
through  the  metal. 

Perhaps  at  this  point  it  may  be  well  to  mention  that  the 
above  considerations  apply  only  to  those  cases  where  the  power 
given  out  by  the  pneumatic  tool  is  less  than  that  which  can 
be  used  by  the  twist  drill  without  requiring  to  be  ground  too 
frequently.  With  modem  high-spe-ed  twist  drills-  of  3, in. 
diam.  and  above  this  is  practically  always  the-  case.  The  idea 
of  a  minimum  speed  at  which  the  pneumatic  drill  will  run 
without  stalling  is  of  importance,  because1  it  should  help  to 
fix  the  gear  ratio  to  be  employed  between  the  pneumatic 
motor  and  the  twist  drill.  As  already  shown,  this  critical 
speed  is  probably  dependent  not  only  on  the  size  of  the  twist 
drill  and  the  material  it  is  to  cut,  but  also  upon  tlie  laws 
connecting  the  torque  of  the  pneumatic  motor  with  its  speed 
of  revolution,  while  this  relation  in  its  turn  depends  upon  the 
pressure  of  air  supply  and  tlie  length  and  bore  of  the  flexible 
hose.  However,  let  us  consider  for  the  moment  that  the 
critical  speed  is  a  constant  and  is  known.  Let  us  suppose  that 
it  is  200  revs,  per  minute.  Then,  if  the  relation  of  the  horse- 
power of  the  pneumatic  】uotor  to  its  speed  of  revolution  is 
known,  the  gear  ratio  may  be  designed  so  that  tlie  motor  shall 
give  out  the  maximum  horse-power  when  the  twist  drill  is 
running  at  200  revs,  per  minute. 

The  history  of  othe r  prime  movers  would  indicate  the 
probability  that  there  will  be,  and  should  be,  an  increase  in 
the  speed  of  revolutions  of  the  pneumatic  motors  on  drills. 
The  advantages  obtainable  by  such  change  are  almost  self- 
evident  .  Everything  is  to  be  gained  by  obtaining  increased 
power  from  the  same  piston  by  running  it  faster,  provided  the 
design  still  ensures  reliability  and  good  wearing  qualities. 
However,  if  tliis  cliange  occur,  it  will  nec-essarilv  involve  an 
increase  in  the  gear  ratio  between  the  drill  and  pneumatic 
motor. 

Perhaps  it  may  be  allowable  here  to  point  out  a  contrast 
between  the  humble  "  Windy  Drill "  and  its  more  lordly 
cousin,  the  motor-car  engine.  In  both  cases  the  desire  has 
been  to  get  a  larger  output  of  power  from  a  given  size  of 
engine.  But  while  the  motor-car  engine  has  been  set  to  drive 
its  attached  machine  at  ever-increasing  speeds,  the  unfor- 


March  20, 】！》14] 


rillv    MICCIIANICAL    1：\(；1  XIvIvR 


lunate  pneumatic  engine  is  doomed  to  rotate  its  twist,  drill  al 
the  iiiinirniun  stable  speed,  as  long  as  Hit-  man  in  charge 
takes  the  trouble  to  work  it  at  its  full  ca,pacif  v.  1 1"  tli"  l)m  <- 
and  stroke  of  the  engine  bo  fixed,  the  gear  ratio  should  t  Iicit 
fore  be  higher  or  lower  according  as  the  maximum  power  is 
developed  at  a  high  or  low  speed.  It  may  be  said  that  all 
pneumatic  drills  which  are  operated  by  pistons  and  crank 
shafts  at  present  run  at  very  low  piston  speeds,  indeed,  lower 
than  most  slow-speed  steam  engines.  As  in  the  case  wit-li  t  lie 
petrol  engine,  the  difficulty  is  to  get  adequate  valve-  area. 

We  have  already  seen  liow  important  is  tl i e  effect'  o t'  skill 
in  feeding  a  pneumatic  drill  in  order  to  make  it  give  tbe  best 
results.  L&t  us  trust  that  the  future  has  not  in  store  for  us 
both  professional  racing  drillers  and  specially  designed  racing 
drills.  Jlowover,  if  such  be  tlio  case,  we  must  picture  to 
ourselves  a  machine  wi(  h  enormous  valves,  and  an  ahnormal 
gear  l'atio,  so  as  to  enable  t!i&  pneumatic  motor  to  run  at  an 
excessive  rate  while  the  twist  drill,  fed  downwards  by  a 
powerful  feed  motion,  rotates  at  the  lowest  possihle'  speed  at 
which  its  motion  isi  stable. 

Pneumatic  drills  may  be  divided  into'  two  classes.  The 
first  clas's  comprises  those  operated  by  an  engine  of  the  piston 
and  crank  shaft  type1,  thei  second  those  which  rely  upon  sorne 
form  of  rotary  engine.  The  second  type  is  attractive  on 
account  of  its  beautiful  simplicity,  but，  so  far,  the  author  has 
not  found  one'  capable  of  giving  as  large  a  torque  for  a  given 
air  consumption  a  si  those  of  the  first  type.  The  principal 
difficulty  in  producing  even  a  reasonably  efficient  rotary 
pneumatic  engine  is  tTie'  large  leakage,  which  seems  almost 
inevitable. 

In  considering  the  efficiency  to  b©  expected  from  either 
type,  we  should  remember  that  the  problems  to  be  faced  by 
the  manufacturer  of  an  enginei  as  minute  as  that  required  for 
a  pneumatic  drill  are  peculiar  to  the  production  of  any  very 
small  device  operated  by  a  fluid  under  pressure.  Since  the 
periphery  of  a  body  i&  proportional  to  its  linear  dimensions, 
while  its  area  varies-  as  their  square,  it  follows  that  the  leakage 
which  occurs  at  a  periphery  assumes  greater  and  greater 
relative'  importance  as  the  size  of  the  part  decreases. 

Thus,  suppose  we  have  two  pistons,  one  lin.  diam.  and  the 
other  2in.  diam.,  each  working  (without  piston  rings)  in  a 
cylinder  000 lin.  larger  in  diameter.  Their  areas  are  respec- 
tively 0  785  sq.  in.  and  3'141  sq.  in.,  while  the  areas  of  the 
clearances  are'  0.003  sq.  in.  and  0  006  sq.  in.,  i.e.,  the  clearance 
of  the  smaller  area  is  0  382  per  cent,  of  its  area,  while  that  of 
the  larger  is  only  0'191  per  cent,  of  its  area.  Further,  if  the 
pistons  are  similar  in  shape,  their  Lengths  will  be  proportional 
to  their  diameter,  and  any  air  escaping  round  the  larger 
piston  will  have  to  travel  twice  the  distance  that  is  traversed 
by  the  leak  round  the  smaller  one.  Consequently  the  waste 
of  air  will  bear  a  much  greater  proportion  to  that  usefully 
employed  in  the  case  of  the  smaller  piston  as  compared  with 
the  larger ― in  fact,  the  ratio  will  be  probably  more  than  four 
times  as  great.  Wo  see,  then,  that  as  far  as  leakage  is  con- 
cerned, we  must  not  exp-ect  as  good  results  from  a  small  engine 
as  from  a  large  one,  and,  in  fact,  it  is  found  that  leakage  is  the 
principal  bugbear  of  the  designer  of  pneumatic  tools. 

Compressed  air,  as  is  well  known,  contains,  or  may  con- 
tain, available  energy  in  three  farms,  viz.,  kinetic  energy  due 
to  the  velocity  of  its  flow  ；  internal  energy,  which  it  can  give 
up  on  expansion  ；  and  the  energy  due  to  its  pressure'  and 
volume,  which  it  can  transmit  to  a  pistou  without  expanding. 
The  third  type  of  energy  is  comparable  with  that  transmitted 
by  the  water  in  an  hydraulic  pressure  main.  In  most  tools 
as  designed  at  present,  this  third  form  of  energy  is  the 
principal  source  of  power.  The  purchaser  has  demanded  the 
maximum  possible  torque,  combined  with  a  minimum  size  and 
weight,  to  gain  which  all  considerations  of  ideal  efficiencv 
have  been  sacrificed.  This  has  prevented  the  einplovm^nt  to 
any  large  extent  of  tlie  expansive  energy  of  the  working  fluid. 
However,  it  is  possible  that  another  difficulty,  now  to  be  con- 
sidered, has  hindered  the  development  of  a  more  efficient 
thermodynamic  cycle. 

The  exhaust  outlet,  of  a  drill,  working  during  cold  weather, 
is  frequently  coated  with  hoar-frost,  and  cases  are  not  very 
rare  of  some  types  of  drills  actually  freezing  up.  In  testing 
a  drill  in  Russia,  it  was  found  that  the  exhaust  playing  on 
the  inlet  pipes  had  cooled  it  to  siicli  an  extent  that  clie 
was  blocked  by  a  cylinder  of  ioe,  the  moistore  in  the  incoming 
air  having,  evidently,  been  condensed  and  fn.^en.    This  is  not 


due,  as  is  often  thought,  to  the  lowering  of  the  tein|x*rat  ur<- 
of  the  air  during  adiabatic  expansion  iti  the  cylinders.  The 
expansion  ratio  is  never  sufficient  to  produce  such  an  effect; 
in  fact,  there  "  seldom  any  expansion  at  all.  The  cause  of 
Uie  trouble  is  tliat  the  air  escaping  t  Ih  oul'Ii  tli<^  <*xliaust  port 
expands  rapidly  and  gathers  velocity  up  to  an  enormous 
figure.  Now  the  kinetic  energy,  which  the  air  then  possesses, 
due  to  its  high  speed,  is  produced  at  the  expense  of  the 
internal  energy,  wliicli  it  previously  contained  when  under 
pressure.  Consequently,  when  the  exhaust  air  is  rushing 
along  its  way  to  the  atmosphere  its  internal  energy  must 
much  less  than  when  it  was  in  tlie  cvHihUm-.  It  follows  that 
its  temperature  must  drop.  This,  of  course,  is  perfectly  wf*ll 
known  to  the  most  elementary  student  of  therm odynami(% 
but  it  may  be  worth  while  to  follow  the  appliralioii  of  tlio* 
theory  to  this  particular  case.  1 1  1  lie  exliausl  air  crjuM  U- 
brought  to  rest  by  causing  its  kinetic  energy  to  be  degraded 
into  heat  by  means  of  friction,  then  its  temperature  would 
again  ris©  until  it  was  very  nearly  equal  to  what  it  had  been 
in  the  cylinder  oY  the  drill  (the  slight  difference  is,  of  course, 
known  as  the  Jouk^T  horn  son  effect).  The  difficulty  would 
probably  be  to  bring  this  about  without  producing  a  l>ack 
pressure  on  the  piston. 

The  exhaust  of  the  pneumatic  drill  may  cause  the  designer 
otlier  difficulties  besides  freezing  up.  Many  drills  work  wit  li 
practically  no  expansion.  It  follows  that  the  moment  th^ 
exliaust  port  is  uncovered  the  cylinder  must  clear  itself  as 
quickly  as  possible  of  its  contents.  But  the  air  in  escaping 
expands,  so  that,  in  order  to  avoid  all  back  pressure  on  the 
return  stroke,  the  area  of  the  exhaust  port  would  have  to 
be  enormous. 

If  we  remember  that  during  the  working  stroke  of  a  petrol 
engine  the  gases  are  expanding  and  losing  heat  to  the  walls  of 
the  cylinder,  and  yet  the  exhaust  valve  has  to  be  designed 
with  a  quick  lift,  and  a  diameter  about  one-tliird  of  that  of 
the  cylinder,  we  shall  realise  tlie  difficulties  in  the  case  of  the 
pneumatic  drill.  Unfortunately,  the  minute  size  of  the  latter 
― apart  from  other  difficulties ~ renders  it  almost  hopeless  to 
try  to  take  indicator  diagrams,  so  that  we  cannot  be  sure 
exactly  as  to  what  goes  on  in  the  cylinder.  However,  it 
seems  highly  probable  tliat  in  most  types  the  back  pressure 
increases  very  rapidly  with  increase  of  speed  of  running.  It 
should  be  worth  while-  to  try  to  make  a  drill  with  much 
larger  exhaust  valves  than  are  at  present  used,  provided  with 
a  high  gear  ratio,  so  that  the  engine,  which  would  be  smaller 
than  usual,  would  run  at  a  higher  speed  without  increasing 
the  speed  of  the  drill.  Possibly  this  would  lead  to  smaller 
proportional  leakage  losses,  since  in  a  given  design  these 
should  be  nearly  constant,  wliile  the  useful  air  consumption 
should  be  approximately  proportional  to  the  speed. 

Some  of  tlie  difficulties  inherent  to  the  design  of  pneumatic 
tools  have  already  beeu  considered,  but  no  reference  has  been 
made  to  the  possible  thermodynamic  efficiency  of  these 
machines.  This  depends,  of  course,  upon  the  cycle  adopted 
for  their  operation.  Now  it  must  be  distinctly  understood 
that,  however  much  importance  we  may  attach  to  efficiencv  in 
the  cas©  of  tJiese  particular  machines,  the  primary  considera- 
tion is  the  attainment  of  large  power  for  small  weight  and 
size.  We  are  therefore  prohibited  from  employing  a  high 
expansion  ratio,  if,  indeed,  it  be  worth  while  to  expand  the  air 
at  all.  Further,  the  rapid  lowering  of  the  temperature  of 
the  air  on  expansion  would  limit  this  ratio,  apart  from  other 
considerations. 

Obviously  the  possible  thermodynamic  efficiency  is  largely 
decreased  by  this  limitation.  JMoreover,  the  proportion  of  \\\^ 
total  energy  contained  in  the  air  which  is  available  for  useful 
work  decreases  with  increase  in  the  air  pressure.  The  whole 
of  the  theory  of  this  subject  is  perfectly  well  known  alreadv, 
and  can  be  found  in  any  standard  book,  such  as  Cotterill's 
" Applied  Mechanics/'  but  the  following  expression  is  in  a 
form  which  may  be  of  interest  to  us  in  connection  with  the 
present  subject.  If  we  assume  that  a  pneumatic  motor  is 
supplied  with  dry  air  at  P,  atniosplieres  pressure,  and  that  it 
works  without  expansion,  then  it  may  be  shown  that  the 
fraction  of  the  available  energy  in  the  air  which  it  uses  is 
given  by  the  expression 

2         Pt  — 1 

The  following  table  has  been  calculated  from  this  formula. 
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Further,  it  may  be  shown  that  if  out-off  takes  place  at 
one-ninth  of  the  stroke,  then  the  fraction  of  the  available 
energy  in  the'  air  which  is  used  is  given  by  the  expression 
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The  author  believes  that  this  little  point  in  the  thermo- 
dynamics of  the'  pneumatic  motor  has  not  been  clearly 
indicated  previously. 

The  measurement  of  the  brake  horsepower  of  a  pneumatic 
drill  offers  no  particular  difficulty  if  great  accuracy  b©  not 
required.  For  commercial  purposes  a  prony  brake  is  quite 
satisfactory.  If,  however,  it'  be  desired  to  investigate  com- 
paratively small  changes  of  brake  horse-power,  a  number  of 
difficulties  have  to  be  surmount-ed.  Two  forms  of  brake  have 
been  tried.  The  first  consisted  of  a  hollow  copper  jacket 
resting  on  a  sheave,  which  was  driven  by  the  drill.  The  axle 
of  the  sheave'  on  one  side  ran  in  a  single  "  Skefko  ，，  ball 
bearing,  while  the  other  end  was  turned  to  a  Morse  taper  to 
fit  into  tli''  drill  chuck.  The  back  centre  of  the  drill  abutted 
on  a  support  carried  on  an  old  lathe  shifting  head.  The 
whole  arrangement  was  fitted  to  a  discarded  latlie  bed. 
Arrangements  were  made  to  keep  a  stream  of  cold  water 
flowing  continuously  through  the  copper  jacket.  The  latter 
was  lined  with  lead,  so  as  to  bear  evenly  on  the  sheave.  To 
one  end  of  this  copper  jacket  there  was  attached  a  heavy 
weight  resting  on  a  spring  balance,  while  a  lighter  weight 
attached  to  the  other  end  was  immersed  in  a  vessel  of  oil, 
whicli  damped  down  tlie  oscillations  until  they  did  not  exceed 
about  |lb.  on  the  spring  balance.  Of  course  the  lighter 
weight  was  corrected  for  the  up-thrust  of  the  oil. 

This  arrangement  was  only  fairly  satisfactory.  Ifc  was 
adopted  originally  in  an  endeavour  to  keep  the  coefficient  of 
friction  constant.  However,  in  spite  of  the  water  cooling  of 
the  brake,  the  temperature  of  tlie  sheave  rose  slightly,  and 
the  load  varied  a  little  during  a  run.  Greater  difficulty  was 
caused  by  the  wear  of  the  brake. 

The  brake  used  with  it  consists  of  a  fine-quality  cotton 
webbing,  and  the  sheave  has  been  made  of  larger  diameter  so 
as  to  minimise  the  rise  of  temperature.  Both  with  this  and 
the  former  brake  elaborate  precautions  must  be  taken  to 
prevent  oil  or  water  reaching  the  surface  of  the  sheave ― even 
contact  with  the  liand  altering  the  co-efficient  of  friction.  It 
is  intended  to  substitute  ball  bearings  for  the  present  plain 
bearings,  and  to  make  better  arrangements  for  taking  up  the 
st retell  of  the  belt.  Probably,  also,  it  will  be  necessary  to 
introduce  some  spring  control  on  the  brake,  though  the 
niniiing  is  much  more  stable,  than  might  be  expected . 

The  most  surprising  thing  about  testing  drills  is  the 
accuracy  attainable  in  the  penetration  test.  If  th©  same  man 
always  be  employed  in  feeding  the  drill  through  the  plate,  and 
precautions  be  taken  to  keep  all  other  factors  constant,  the 
time  of  drilling  can  certainly  be  found  to  within  two  or  three' 
seconds  per  minute.  This  has  been  repeatedly  proved  by  sub- 
mitting drills  for  test  with  secretly-altered  reference  numbers. 
An  accuracy  of  5  per  cent,  is  quite  as  much  as  can  be  expected 
in  most  commercial  testings  of  brake  horse-power,  since  this 
involves  reading  the  revolutions  per  minute  and  the  net  load 
on  the  brake,  each  correctly  to  within  21  per  cent.  In  con- 
sequence of  this  most  tachometers  are  not  sufficiently  accurate 
for  exact  work,  and  the  speeds  should  always  be  obtained  by 
means  of  a  revolution  counter. 

The  practical  testing  of  pneumatic  drills  is  difficult,  but 
tlie  testing  of  pneumatic  hammers  for  power  is  even  more  so. 


The  apparatus  used  in  testing  pneumatic  hammers  consists  of 
a  massive  cast-iron  bed  provided  with  T-grooves,  so  that  a 
heavy  block  may  be  bolted  to  it  in  any  desired  position. 
Against  this  block  is  placed  the  handle  of  the  hammer  to  be 
tested,  resting  in  a  formed  recess  lined  with  leather,  to  prevent 
marking  the  polished  surface  of  the  handle.  The  snap  of  the 
hammer  abuts  against  a  heavy  block,  which  can  swing  about 
a  vertical  pivot  fixed  to;  the  bed.  This  swinging  block  is  con- 
trolled by  a  spring,  which  can  be  adjusted  by  means  of  a 
screwed  bolt  passing  through  the  fixed  abutment.  To  the 
swinging  block  is  fixed  a  light-steel  arm  carrying  a  stumpy 
pencil,  the  point  of  which  rests  on  a  strip  of  paper  which  can 
be  reeled  by  hand  off  one  drum  on  to  another.  As  the 
instrument  is  only  required  to  give  the  speed  of  the  hammer, 
and  a  general  idea  of  the  type  of  oscillation  produced,  there  is 
no  need  to  employ  a  uniform  drive  for  winding  the  paper. 
The  hammer  can  be  reversed  in  its  support,  so  as  to  show  t  lie 
vibrations  of  the  handle. 

The  work  required  to  be  done  by  the  light  pistons  used  in 
some  of  the  best-known  chipping  hammers  requires  material 
capable  of  withstanding  vibration  and  shock  to  an  exceptional 
degree.  An  an  example,  a  piston  weighing  8  ozs.  now  does 
considerably  more  work  than  a  piston  weighing  14  ozs.  of  an 
older  design.  It  will  therefore  be  apparent  that  where  no 
difficulty  exists  in  finding  suitable  material  for  the  latter, 
much  care  must  be  exercised  for  the  material  selected  for 
the  former.  Eacli  piston  should  be  tested  by  the  Brinnell 
ball  test  ；  but  before  selecting  any  new  form  of  materia], 
further  tests  are  required.  An  ordinary  test  for  the  smaller 
pistons  is  60,000  blows  from  a  heavy  riveting  ha  miner  ；  for  a 
special  test  500,000  blows  or  more  are  used.  The  piston  must- 
show  no  signs  of  setting  up  or  fracture. 

Finally,  although  the  production  of  a  perfect  pneumatic 
hammer  appears  to  be'  more  difficult  than  the  production  of  a 
perfect  pneumatic  drilling  machine,  the  author  believes  that 
the  designs  of  hammers  have  reached  a  point  nearer  finality 
than  the  designs  of  drilling  machines.  From  the  preceding 
observations  on  th&  points  of  efficiencies  in  the  drilling 
？ nachines  it  will  be'  gathered  that  there  is  still  room  for  con- 
siderable improvements  in  this  direction.  There  can,  how- 
ever, be  no  doubt  that  the  reliability  of  these  machines  has 
been  immensely  improved  within  the  last  few  years,  as  the 
material  for  each  part  is'  now  chosen  with  the  most  careful 
analyses  of  the  duties  it  h as  to  perform ;  and  nothing  is  left 
to  chance. 


IMPROVEMENTS  IN  CENTRIFUGAL  PUMPS. 

The  accompanying  illustrations  show  a  design  of  centrifugal 
pump  of  the  type  comprising  a  rotor  chamber  having  an  outer 
converging  portion  terminating  in  a  narrow  opening  and  a 
rotor  having  converging  blades  adapted  to  rotate  within  the 
converging  portion  of  the  rotor  chamber,  the  invention  of 
Mr.  J.  Johnston,  and  the  Globe  Pneumatic  Engineering  Com- 
pany, Ltd.,  1，  Victoria  Street,  Westminster,  London,  S.W. 
Figs.  1  and  2  are  respectively  a  transverse  sectional  elevation 
and  a  side  elevation,  and  Fig.  3  is  a  side  elevation  of  the 
rotor  shown  in  Fig.  1. 

The  pump  casing  A  is  formed  in  two  parts  and  so  con- 
structed and  arranged  as  to  provide  for  two  annular  feed 
chambers  B  disposed  symmetrically  with  respect  to  the  centre 
line  of  the  pump  and  a  wheel  chamber  C  intermediate  of  the 
annular  feed  chambers,  and  within  which  the  pump  wheel  or 
rotor  D  is  adapted  to  rotate.  The  rotor  D  is  formed  with  a 
substantially  triangular  portion  E  terminating  in  a  compara- 
tively sharp  edge  at  the  outer  periphery  and  is  provided  with 
blades  F  also  adapted  to  converge  towards  the  outer  edge. 
The  wheel  D  is  slotted  at  convenient  intervals  around  its 
periphery  and  .the  triangular-shaped  blades  F  are  forced 
tightly  into  and  secured  within  such  slots,  the  projecting 
edges  of  the  blades  being  dished  or  spoon-shaped.  The 
wheel  chamber  C  is  formed  such  that  the  blades  work  in  a 
comparatively  narrow  passage  between  the  converging 
portion  E  of  the  rotor  and  a  corresponding  converging  portion 
G  of  the  wheel  chamber.  The  annular  feed  chambers  B  com- 
municate with  the  wheel  chamber  by  inclined  ports  H  enter- 
ing the  wheel  chamber  in  sucli  a  manner  that  the  wheel 
blades  F  project  beyond  the  ports  at  each  side  and  the  liquid 
to  be  pumped  enters  the  feed  chambers  by  means  of  one  or 
more  tangentially  arranged  inlet  pipes  J  passing  thence 
through  the  inclined  ports  H  on  to  the  wheel  blades. 
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When  the  liquitl  enters  the  wlieel  cliamhor  it  passes 
outwardly  along  the  blades  F  and  thereby  ac<mii-cs  an  awl" 
ration  before  being  throw"  ofT  tlnougli  ； i  na rrow  neck  K 
formed  round  the  outer  periphery  of  the  wheel  cliamhcr  and 
passing  through  which  the  liquid  eiiiors  more  or  less 
i  an^entially  a  diverging  annular  chamber  L  surrounding  t  lie 
wheel  chainher.    The  blades  F  are  arranged  upon  t ho  rotor 

such  ； i  manner  that  they  are  tangential  to  a  circle,  the 
radius  of  which  is  approximately  one-halt'  t hat  of  t-lic  rotor. 
Bv  reason  of  their  tangential  arrangement  and  scoop  sli;i 
the  liquid,  it'  is  claimed,  enters  tlie  blade  witliout-  sliork  and 
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is  accelerated  without  changing  its  direction.  This  accelera- 
tion is  continued  outwardly  for  the  whole  length  of  the  blade 
to  the  point  where  the  two  streams  converge  together  and  the 
liquid  is  projected  at  the  moment  of  greatest  velocity  through 
the  narrow  neck  K  into  the  diverging  chamber  into  which  it 
enters  in  a  more  or  less  tangential  direction  (according  to  the 
volume  passing)  and  around  which  it  circulates,  passing  out 
through  the  discharge  opening  M  which  is  made  diverging  as 
shown  so  that  the  velocity  energy  is  transformed  into  pressure 
energy,  the  liquid  leaving  the  annular  chamber  in  a 
tangential  direction.    The  blades  F  project  inwardly  beyond 

the  ports  H  leading  from  the 
annular  feed1  chambers  B，  and  this 
arrangement  ensures  that  any  liquid 
passing  from  the  port  H  inwardly 
towards  the  centre  of  the  machine 
acts  by  centrifugal  force  to  check 
the  further  inflow  so  that  the  central 
portion  of  the  wheel  does  not  become 
flooded,  but  always  revolves  in  vacuo 
so  that  fluid  friction  is  reduced  to 
a  minimum.  The  converging  por- 
tion G  of  the  wheel  chamber 
and  of  the  blades  is  made  of  a  length  approximating  to 
one-tbird  the  total  radius  of  the  wheel  chamber.  This  pro- 
portion, however,  may  be  varied  to  suit  varying  conditions. 
The  effect  of  increasing  back  pressure  upon  the  pump  is  to 
cause  the  particles  of  liquid  passing  through  the  narrow 
throat  K  to  issue  in  a  direction  which  becomes  more  and  more 
purely  tangential  so  that  the  effective  discharge  is  decreased 
but  the  circulating  velocity  in  the  outer  annular  chamber  is 
increased,  thus  counteracting  the  effect  of  back  pressure  and 
forming  a  simple  self-regulating  device. 


Fig.  3. 


International  Engineering  Congress,  1915. ― Rapid  progress  is 
being  made  in  working  out  the  final  programme  of  papers  for 
the  International  Engineering  Congress  to  be  held  in  San 
Francisco  in  1915.  The  first  volume  of  the  publication  of  t  lw 
Congress  will  consist  of  a  series  of  articles  descriptive  of  \  lit1 
various  technical  features  of  the  design  and  construction  of 
the  Panama  Canal.  The  various  topics  will  be  treated  by 
someone  on  the  canal  force  who  has  been  responsible  for  the 
design  and  construction  described.  This  volume  will  con- 
stitute practically  an  official  technical  record  of  tlie  gigantic 
engineering  feat  which  is  just  nearing  completion.  The  pro- 
gramme of  papers  for  tlie  various  sections  of  the  Congress  is 
practically  completed.  Subscriptions  to  tlio  Congress  :u" 
l>ein^  received  daily  and  on  March  1st  the  mimWr  of  enroll- 
ments was  slightly  in  excess  of  1 ,200. 


MOTOR  AND  CONTROL  EQUIPMENTS  FOR  ELECTRIC 
LOCOMOTIVES. 

(Conclufled  J'ro?n  jjaye  '4o2.、 

So  far  the  question  has  been  discussed  onl v  in  iflal  ion  lo 
(rontinuous-current  motors  controlled  in  the  well-known  \va y 
by  means  of  inserted  resistances  cut  out  in  successive  steps. 
To  a  certain  extent  the  same  problem  is  met  with  when  alter 
nating-current  motors  are  em  ployed  either  with  rlico-t  -it  i<- 
control  or  with  voltage  control  r>ht aincfl  l»y  drawing  rurr*'iit 
from  successive  tappings  oi  a  transfonner.  Thf  ； i'tii,il 
variation  of  motor  torque  from  step  to  step  will,  however, 
depend  upon  a  factor  which  is  absent  in  continuous-<:urr*Mil. 
working,  viz.,  the  effect  of  the  self-induction  of  the  motor 
windings  on  the  motor  characteristics.  This  effect,  so  far  as 
the  speed-current  curve  is  concerned,  is  similar  to  t  hat  oi  ； i 
large  increase  iti  the  internal  resistance  of  the  motor,  and 
therefore  greatly  reduces  the  fluctuation  of  the  torque  for  any 
given  number  of  steps.  As  an  example  of  this  effect,  the 
speed  curves  in  Fig.  7  may  be  compared  with  those  in  Fig. 
4.  The  difference  in  the  number  of  steps  for  the  same 
fluctuation  of  torque  in  the  two  cases  is  obvious. 

Going  back  to  the  general  question,  it  is  evident  that  the 
irregularity  of  the  effort  exerted  by  the  motor  equipment  of 
an  electric  locomotive  is  a  disadvantage  which  under  certain 
circumstances  reduces  the  usefulness  of  the  locomotive.  The 
question  may  be  raised  as  to  whether  this  disadvantage  in  tli'、 
electric  locomotive  cannot  be  overcome  by  means  wliidt  ； ir'' 
conimercially  practicable.  For  conti  n  uous-current  ('f|iiip- 
ments  variable  voltage  must  be  obtained  by  some  for 川  of 
motor-generator,  the  motor  taking  current  from  the  power 
supply,  and  the  generator  delivering  current  at  a  suital)le 
voltage  to  the  driving  motors,  the  voltage  being  varied  as 
required  by  the  excitation  of  the  generator.  This  method  is 
open  to  the  great  objection  that  the  motor-generator  is 
practically  a  substation  installed  in  the  locomotive,  and  is 
extremely  bulky  and  expensive,  and  costly  to  maintain . 

The  case  is  quite  different,  however,  with  large  loco- 
motives equipped  on  a  single-phase  alternating-current 
system .  Voltage  variation  can  be  very  conveniently 
provided  without  using  rotating  machinery  in  the  case  of 
alternating  current.  Definite  steps  of  voltage  can  l»c 
obtained  simply  by  providing  taps  on  the  secondary  wiiulin^ 
of  the  step-down  transformer,  and  there  are  various  well- 
known  methods  at  present  in  use  whereby  the  lnaxiinmii 
number  of  voltage  steps  is  obtained  with  the  rniiiirntiin 
number  of  contactors.  In  spite  of  the  advantages  of  these 
different  schemes,  however,  it  is  not  practicable  to  go  very 
far  in  the  direction  of  fine  graduation.  In  practice,  owing  to 
the  requirements  of  single-phase  motor  design,  the  voltage 
even  at  full  speed  is  seldom  more  than  about  300.  It  is  also 
customary  to  em plov  large  motors  for  these  locomotives,  and 
consequently  the  motor  current  which  must  be  dealt  witli  l>y 
the  controlling  contactors  may  be  very  heavy. 

The  alternative  is  to  use  an  induction  regulator  or 
variable  transformer  in  which  the  primary  winding  is 
mounted  on  a  movable  core  arranged  so  that  it  can  be 
turned  round  into  any  position  relative  to  the  fixed  secoiuhiry 
winding,  the  mutual  inductance  and  therefore  the  ratio  of 
transformation  being  varied  as  gradually  as  desired  from  zero 
to  a  positive  or  negative  inaxinnuu.  This  method  has  t lu* 
great  advantage  of  simplicity,  as  it  entirely  eliniiiiates  ihv 
contactors  and  the  tappings  on  the  low-tension  side  of  the 
main  transformer.  It  has,  however,  also  the  serious  dis- 
advantage of  introducing  into  the  locomotive  a  bulky  and 
heavy  additional  piece  of  apparatus  which  adversely  a  (Teds 
the  efficiency  ami  tlie  power  factor  of  the  equipment - 

An  alternative  method,  which  is  in  reality  a  coinbinatio!) 
of  the  contactor  system  and  the  inchu't ion -regulator  system, 
was  worked  out  bv  the  present  writer  about  eight  vears  ago, 
and  has  been  adopted  on  several  of  the  single-phase  loco- 
motives equipped  by  Messrs.  Siemens  Schuckert  for  t  he 
Prussian  State  Railways.  This  method  consists  in  the  em- 
ployment of  a  small  induction  regulator  combined  with  ； i 
number  of  contactors  which  control  the  connections  from  tho 
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motors  to  t  he  tappings  of  the  low-tension  winding  of  the  main 
1  fansfonner.  Tlit'  lunct ion  of  tlie  regulator  is  to  increase  the 
volt  a^r  at  t  \\c  terminals  of  the  main  motor  or  motors  as 
^raduMllv  as  may  lx?  reqxiired  until  the  voltage  corresponding 
to  the  next  higher  tapping  of  the  transformer  is  reached -  At 
tliis  point  a  change  is  made  in  the  circuit  connections  by 
closing  a  fresh  contactor  and  opening  the  one  previously 
closed,  which  operation  can  be  effected  without  giving  rise  to 
any  local  short-circuits  or  serious  sparking  or  difficulties  of 
any  kind.  If  the  number  of  contactors  employed  is,  for 
example,  four,  the  capacity  of  the  regulator  is  reduced  to 
one-quarter  ；  if  six,  it  is  reduced  to  one-sixth.  Whatever  the 
number  and  the  cousequent  reduction  in  size,  however,  it  is 
possible  and  easy  to  ensure  that  the  voltage  variation  shall  be 
as  gradual  as  may  be  desired . 

There  are  various  ways  of  carrying  out  this  method,  but 
j)robably  the  simplest  is  shown,  quite  'diagrammatically,  in 
Fig.  8.  In  this  diagram  six  ta]>pings  and  six  contactors  are 
shown.  The  voltage  of  the  secondary  winding  of  tlie 
regulator  through  which  the  main  current  flows  is  exactly 
equal  to  the  voltage  between  any  two  adjacent  tappings. 
Current  passes  into  the  secondary  winding  at  either  end 
according  to  which  end  is  connected  to  a  closed  contactor  and 
passes  out  from  the  middle  point  to  the  motors.  The  tappings 
are  connected  through  tlie  contactors  alternately  to  two  leads 
厂 and  y  \  1，  3，  and  5  being"  connected  to  x,  and  2,  4，  and  6  to 
//.  The  ends  of  the  regulator  secondary  are  permanently 
connected  to  these  leads  x  and  y .  For  the  minimum  voltage, 
contactor  1  is  closed,  the  primary  of  the  regulator  being  in 
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Fig.  7.— Spked  Curvks  of  7U0  H.l'.  Singlk -Puase  IUilway 
Motor. 


such  a  position  that  the  voltage  induced  in  the  secondary 
opposes  the  voltage  of  the  main  transformer.  To  increase  the 
voltage^  the  regulator  is  turned  round  until  the  voltage 
induced  in  its  secondary  is  added  to  the  voltage  of  the  main 
transformer.  At  this  point  contactor  2  is  closed,  and  con- 
tactor 1  opened,  and  the  circuit  is  in  this  way  re-arranged  so 
that  the  regulator  voltage  opposes  the  main  transformer 
voltage  corresponding  to  the  second  tapping.  The  regulator 
is  then  turned  round  again  as  before  and  the  process  repeated 
until  the  full  voltage  is  reached . 

Referring  once  more  to  continuous-current  locomotives, 
the  importance  of  avoiding  shocks  also  has  its  influence  on 
the  control  equipment.  During  the  starting  period  there  are 
at  least  two  occasions  when  shocks  of  greater  or  lesser  seventy 
are  possible  and  are  to  be  avoided,  so  far  as  may  be,  iu  the 
interest  of  the  couplings  between  wagons.  The  first  occasion 
is  when  the  current  is  first  switched  on  to  the  driving  motors. 
If  all  the  couplings  were  taut  it  would  not  matter  very  much 
if  the  full  starting  effort  of  the  motors  were  exerted  imme- 
diately. But  if,  as  is  very  frequently  the  case  with  goods  and 
mineral  trains,  the  couplings  are  slack,  it  is  strongly  advisable 
that  the  initial  pull  of  the  locomotive  should  be  only 
sufficient  to  take  up  the  slack  in  the  couplings  before  the 
train  is  accelerated.  In  this  connection  it  must  be  observed 
that  trains  may  be  made  up  with  the  full  number  of  wagons 
or  with  very  few,  and  in  both  cases  care  must  be  taken  to 


avoid  a  shock.  The  control  equipment  must  therefore  be 
arranged  so  that  the  tractive  effort  011  the  first  notch  or  step 
n]'  t  he  controller  is  relatively  quite  small . 

It  should  also  be  remembered  that  if  the  starting  acce- 
leration of  the  locomotive  when  working  light  is  too  great, 
it  may  be  difficult  for  the  locomotive  driver  and  his  mate  to 
keep  their  feet.  For  example,  suppose  a  64 -ton  locomotive 
is  designed  to  exert  an  average  tractive  effort  during  tlie 
start  of  23,0001bs.,  the  acceleration  which  this  effort  would 
produce  with  the  locomotive  alone  would  be  something  over 
three  miles  per  hour  per  second.  It  would  be  almost 
impossible  for  a  man  to  stand  up  against  this  acceleration  if 
it  were  applied  suddenly.  It  would  therefore  be  necessary  to 
install  sufficient  resistance  in  the  locomotive  to  reduce  the 
tractive  effort  on  the  first  step  to  something  like  5，0001bs.， 
which  would  produce  an  initial  acceleration  of  about  0'6  mile 
per  hour  per  second.  The  other  occasion  on  which  the  shock 
is  to  be  avoided  is  during  the  transition  in  the  grouping  of 
the  motors  from  series  to  parallel.  This  can  be  effected  by 
employing  the  well- known  bridge  system  of  control,  in  which 
the  full  torque  is  maintained  by  the  driving  motors  right 
through  the  transition  stage,  subject  of  course  to  the 
fluctuations  that  occur  to  the  same  extent  during  the  whole 
of  the  starting  period  -  Provided  only  two  motors  or  two 
groups  of  motors  are  used  in  a  single  equipment,  the  two 
being  connected  successively  in  series  and  in  parallel,  there  is 
no  difficulty  at  all  in  arranging  the  control  equipment  on  the 
bridge  system.  It  is  otherwise,  however,  when  there  are  four 
motors  to  be  arranged  in  three  groupings,  viz. ,  series, 
series-parallel,  and  parallel.  It  is  a  simple  matter  to  arrange 
one  of  the  transitions  on  the  bridge  method,  but  for  the  other 
it  is  hardly  practicable,  though  theoretically  quite  possible,  to 
pass  through  the  transition  without  a  momentary  reduction 
of  the  tractive  effort  to'  quite  a  low  value. 

Dealing  now  with  the  arrangement  of  the  controlling 
resistances,  it  is  to  be  observed  that  with  the  same  number 
of  steps  the  fluctuations  of  torque  are  much  greater  in  the 
series  than  in  the  parallel  grouping.  To  put  it  in  another 
way,  in  order  to  keep  the  fluctuations  within  given  limits  as 
mentioned  in  the  beginning  of  this  paper,  it  is  necessary  to 
provide  more  steps  for  cutting  out  resistance  in  the  series 
grouping  than  in  the  parallel.  This  can  be  done  most  con- 
veniently, and  without  involving  the  provision  of  any  more 
contactors,  by  arranging  the  equipment  on  the  bridge  system, 
in  wliich  each  motor  or  group  of  motors  has  its  own  set  of 
lesistances  and  contactors  for  cutting  out  these  resistances  in 
steps,  and  by  cutting  out  one  section  of  resistance  from  each 
o f  the  two  sets  alternately  while  operating  in  series  and 
cutting  out  the  same  sections  simultaneously  when  operating 
in  parallel. 

The  material  most  generally  used  for  the  mam  controlling 
resistances  in  coutimious-current  locomotives  is  cast  iron 
Tliis  can  be  either  plain  grey  cast  iron,  or  an  alloy  which 
contains  certain  ingredients  giving  qualities  of  elasticity  and 
high  resistance.  For  small  currents  one  of  the  alloys  is 
generally  employed,  but  for  large  currents  simple  cast  iron 
may  be  used,  providing  care  is  taken  in  selecting  thoroughly 
sound  castings.  There  is  no  difficulty  in  obtaining  grids 
having  a  specific  resistance  of  about  80  x  10—';  ohms  per  cubic 
centimetre,  and  capable  of  carrying  intermittently  currents 
from  30  amperes  to  400  amperes  or  higher  still  if  necessary. 
The  grids  are  usually  left  plain  without  any  rust  preven- 
tive. 

The  determination  of  the  resistance  values  in  auy  parti- 
cular case  is  not  very  difficult  if  the  motor  characteristics  are 
known.  On  the  other  hand  it  is  extremely  difficult  to  decide 
011  the  capacity  of  the  resistances  for  a  locomotive  unless  the 
conditions  of  service  are  very  precisely  stated.  As  a  general 
rule  it  is  impossible  to  lay  down  a  set  of  conditions  such  as 
can  easily  be  given  for  multiple-unit  trains  in  urban  or 
suburban  service.  A  locomotive  can  be  most  irregular  in  its 
working.  The  only  rule  which  will  provide  for  perfect 
security  against  overheating  is  to  make  the  resistances  so 
large  that  continuous  running  on  any  step  of  tlie  controller  is 
possible  without  giving  rise  to  excessive  temperatures.  There 
is  no  difficulty  in  meeting  this  condition  in  the  case  of  a  low- 
power  locomotive,  and  there  is  evervtliing  in  its  favour.  For 
high-power  locomotives  it  is  practically  impossible  to  attain 
to  this  ideal  on  account  of  the  space  required.  For  such 
locomotives  the  only  thing  to  be  done  is  to  examine  each  case 
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separately  and  insert  as  much  resistance  as  can  Ik'  t'on vcnicnl  i  v 
disposed  in  tlie  space  available.  It  may  also  Ix1  necessai  v  ") 
take  into  consideration  t  he  (jucstion  Forced  \'cnt ilaiion  im+ 
the  rosist-jincrs.  On  the  ('out inent  liquid  rhoostats  have  1" 屮 n 
used  in  one  or  two  cases,  principally  ior  .')-|>]mse  locomotives. 

With  regard  to  control  apparatus  proper,  such  as 
('ont'a('t'ors，  reversers,  circuit-breakers,  &c.，  there  is  this  to  be 
said,  that  whereas  iti  tu]ui|>m(Mit.s  for  motor  coaches  tin* 
designs  are  practically  determined  by  the  requirements  of 
multiple-unit  working,  no  such  condition  necessarily  applies 
to  locomotive  control  apparatus.  In  motor  coaches  all  t lie 
apparatus  is  operated  by  remote  control  through  the  agency 
of  the  master  controller  and  possibly  one  or  two  auxiliary 
switches.  In  electric  locomotives,  although  in  the  first 
instance  it  is  often  thought  best  to  make  provision  for 
niu]tij)le-iuiii  working',  it-  frequently  1  lap  pens  that  such  pro- 
vision is  at)aii(lone(l  or  disjXMised  with.  For  example,  on  the 
New  York  Central  locomotives,  wliicli  were  originally 
ari'anged  with  all  necessary  appliances  for  c"(m]>Iing  two 
together  and  controlling  both  from  a  single  controller,  it  was 
found  that  the  possibility  of  working  in  this  way  was  not 
taken  advantage  of，  and  the  electrical  couplers  were  per- 
manently disconnected. 

There  are,  of  course,  cases  in  which  this  provision  cannot 
be  dispensed  with,  for  example  on  the  1 ― C  +  C ― 1  freight 
locomotives  for  the  Kiruna-Riksgraensen  line  in  the  North 
of  Sweden.  These  locomotives  are  intended  for  hauling 
mineral  trains  weighing  2,000  tons,  there  being  one  double 
locomotive  in  front  and  another  at  the  rear  of  the  train. 
Under  these  conditions  it  is  important  that  the  two  loco- 
motives should  not  work  independently,  otherwise  there 
would  be  frequent  cases  of  breakage  of  couplings.  The 
control  equipments  are  therefore  specially  designed  so  that 
both  can  be  operated  absolutely  synchronously  from  the 
master  controller  in  the  leading  locomotive,  electrical  connec- 
tions being  provided  by  a  control  cable  with  the  usual 
couplers  from  front  to  back  of  the  train. 

This,  condition  is，  however,  up  to  the  present  somewhat 
exceptional,  the  more  usual  arrangement  being  that  the 
electric  locomotive  is  a  single  unit  suitable  for  hauling  trains 
of  specified  weights  in  the  same  way  as  steam  locomotives. 
Under  these  circumstances  the  necessity  for  remote  control 
for  all  switchgear  and  apparatus  constituting  the  control 
equipment  is  not  apparent.  In  many  cases  advantage  can  be 
taken  of  this  to  arrange  the  main  circuit-breaker  and  perhaps 
the  reversers  for  hand  operation  by  means  of  levers,  hand 
wheels,  and  geared  shafts.  When  very  large  units  have  to  be 
dealt  with,  this  possibility  may  sometimes  greatly  facilitate 
the  design  and  construction  of  the  apparatus.  Several  of  the 
single-phase  locomotives  built  on  the  Continent  have  been 
designed  on  this  principle. 

Turning  now  to  a  rather  more  detailed  consideration  of 
locomotive  control  apparatus,  it  must  be  admitted  that  in 
many  cases  there  is  nothing  to  distinguish  the  various  items 
in  the  equipment  from  similar  items  in  the  control  equipment 
of  multiple-unit  trains  except  size  and  quantity.  The  con- 
tactors are  more  numerous  and  are  larger  as  is  necessary  to 
deal  with  the  higher  current.  The.  circuit-breaker,  fuses,  &c.， 
are  designed  on  well-known  lines,  merely  adapted  to  altered 
conditions.  Various  changes  may,  however,  be  noticed , 
particularly  in  the  locomotives  built  in  the  United  States. 
For  example,  reversers  are  commonly  eliminated  and  replaced 
by  the  necessary  number  of  contactors. 

Circuit-breakers  for  continuous-current  locomotives  do 
not  call  for  any  special  remark  except  that  on  higli-voltage 
systems  the  circuit  breaker  must  not  only  be  substantial  l>ul 
should  also  be  allowed  plenty  of  room  in  which  the  arc  mav 
spread .  Where  the  bigh-voltage  contimious-current  sup[)ly 
is  distributed  by  means  of  an  overhead  line,"  it  is  advisal)le 
that  the  arc  formed  on  breaking  a  heavy  overload  or  a  short 
circuit  should  not  be  violently  disrii|)tecl  bv  iikniiis  of  a 
strong  magnetic  blow-out,  otherwise  there  is  a  liability  tor 
surges  to  be  set  up  in  the  overhead  line.  Oit  altt'niatiiig 
current  locomotives,  the  circuit-breakers  are  usually  oil 
switches  similar  to  those  used  in  generatino-  st  at  ions,  but 
adapted  to  fit  into  the  locomotive. 

In  the  past  there  has  been  very  little  automatic  control 
apparatus  in  this  couni rv.  Whatever  its  merits  or  clenuM-iis 
in  connectiou  with  multiple-uuit  trains,  it  seems  to  the 


author  that  for  locofiiotives,  especially  i'rei^lii. 
there  can  be  ikj 屮" 'stioii  as  to  the  benefits  to  he  乂; uii"'i  lr',m 
taking  the  regulation  ai'  the  trart  i\  c  r-dort  at  starting  out 
the  hands  of  the  driver.  So  far  as  the  author  is  a  war*',  1  hf* 
only  cases  where  automatic  control  is  emplovt'd  ；"  ' :  on  t  In- 
3-i)hase  locomotives  for  the  Simplon  tunnel  anrJ  tl"'  Italian 
railways.  The  author  is  strongly  of  the  opinion  ih;jt  il  I  )：.• 
limit  switches  are  adjustable,  and  if  the  control  ^luipnifiit 
can  be  changed  over  without  difficulty  or  compliralion  In 川 i 
automatic  to  hand  cont  ro]  w  h*Mifv*T  cirrum-tanccs  r'.'|iiir'' 
such  a  change,  there  is  overytliin^  to  I"'  'jnimjd  \>v  rd"'、'ii, 二' 
the  driver  of  the  necessity  of  watching  t  he  am  meter  and 
setting  him  free  to  attend  to  the  signals  and  to  his  o\h*-i 
duties. 

Coming  now  to  induction  regulators  for  controlling  si，i;'k- 
pliase  railway  motors,  the  main  point  to  、vlii'.li  at  lout  ion  "",、 
l>e  drawn  is  the  necessity  for  very  su))stanl  ial  ((川 s"  u'  t 
Except  wlien  the  relative  positions  of  the  pnnuuv  ai"l 
secondary  windings  are  such  that  the  mutual  imiu'  tion  is 
zero,  there  is  a  very  considerable  torque  produced  by  the 
action  of  the  magnetic  field  and  the  current  in  the  secondary 
winding.  Moreover  this  is  neither  a  continuous  nor  a 
uniform  torque.  On  the  contrary,  as  there  is  only  a  single 
phase  in  the  magnetic  field,  the  force  fluctuates  at  twice  tli'' 
frequency  of  the  supply  between  zero  and  maximum  values. 
It  is  clear,  therefore,  that  a  fairly  powerful  motor  is  needed 
to  operate  the  regulator  ；  and  the  reduction  gearing  between 
the  motor  aud  the  regulator  must  be  of  a  very  substantial 
nature.  Some  trouble  has  been  experienced  with  regulators 
of  this  type  due  to  breakage  of  the  gears  which  were 
designed  before  the  effect  of  the  powerful  flucttuil in^  t('!  'iii(' 
was  fully  realised.  Any  sudden  overload  or  short  circuit  in 
the  main  motors  is  bound  to  set  up  a  tremendous  force  in  t  In- 
induction  regulator,  and  the  whole  of  this  is  transmitted  to 
the  teeth  of  the  gear  wheel. 


Fig.  8. 

The  advantages  and  disadvantages  of  induction  reyulaturs 
as  compared  with  contactors  has  recently  been  considered 
very  thoroughly  on  the  Continent  in  the  light  of  the  experi- 
ence acquired  with  the  locomotives  already  in  service  for 
some  time.  The  general  tendency  seems  now  to  be  setting 
towards  the  use  of  contactors  exclusively  for  locomotives  bow- 
ever  large.  This  has  been  the  practice  all  along  in  the  United 
States  and  has  much  to  recommend  it.  In  case  of  a  l)ad 
short  circuit,  protection  is  afforded  bv  the  main  circuit- 
breaker,  the  contactors  being  unaffected  if  the  circuit-breaker 
is  capable  of  dealing  with  the  short  circuit  immediately  and 
effectively.  In  the  case  of  an  induction  regulator  equipment 
there  is  in  addition  to  the  demand  on  the  powers  of  t  he 
circuit-breaker  a  very  severe  shock  on  the  mechanical  parts 
of  the  regulator. 

Apart  from  this  argument  the  time  element  must  also  be 
taken  into  consideration.  The  action  of  a  contactor  mav  he 
regarded  as  practically  instantaneous,  and  in  case  of 
monientary  failure  of  the  supply  all  the  contactors  will  open, 
and  the  control  system  can  easily  be  arranged  in  siu-h  a  wav 
that  tbey  will  not  close  again  except  by  notching  up  from  the 
first  position  of  the  master  controller.  In  this  wav  protert" 川 
is  provided  against  sudden  rushes  of  current.  With  tlie 
induction  regulator,  or  indeed  witli  anv  other  controlling 
mechanisni  operated  by  an  auxiliary  motor,  such  as,  for 
example,  the  clriuu-tvpe  controller  of  the  uew  L6tschher«T 
single-phase  locomotive,  similar  protection  can  be  providet' , 
but  the  process  is  comparatively  slow  and  cumbersome.  On 
the  other  hand,  the  induction  regulator  uudoubtedlv  possesses 
the  advantage  already  mentioned  of  fine  graduation  in  the 
regulation  of  the  speed  and  tractive  effort  of  the  locomotive, 
which  can  only  be  obtained  with  contact ors  bv  "mltiplviii"' 
the  number  of  contactors  and  operating  circuits  and  bv 
enlarging  the  master  coutroller. 
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Most  engineers  will  agree  that  the  fewer  auxiliary  motors 
t  here  are  in  a  locomotive  the  better.  So  far  as  single-phase 
locomotives  are  concerned,  the  supply  of  current  at  a  voltage 
suitable  for  small  motors  is  quite  a  simple  matter,  as  there  is 
usually  an  auxiliary  transformer  which  can  be  tapped  as 
required.  With  continuous-current  locomotives,  however, 
especially  when  the  supply  voltage  is  higher  than  600  volts, 
the  auxiliary  motors  must  be  fed  either  from  the  main  supj)]y 
direct,  or  from  the  dynamotor  or  motor-generator.  In  either 
case  the  voltage  is  probably  inconveniently  high  for  small 
motors.  On  the  other  hand,  there  is  no  great  difficulty  in 
insulating  master  controllers  and  contactor-operating  coils 
for  600  or  750  volts,  or  in  reducing  the  voltage  on  each  coil 
by  means  of  control  rheostats.  It  would  be  a  mistake, 
however,  to  press  forward  too  much  in  the  direction  of  a  rigid 
standardisation  until  the  general  requirements  of  electric 
locomotives  and  their  operating  conditions  are  better  known. 


tFFECT  OF  OXYGEN  ON  QUALITY  OF  CAST  IRON.* 

BY  J.  E.  JOHNSON,  JUN. 

The  doctrine  of  chemical  control  of  the  quality  of  pig  iron 
met  some  obstacles  when  first  presented.  These  were  uniin- 
portaut  but,  exceedingly  difficult  of  removal.  The  old  school 
of  metallurgists,  who  knew  but  little  chemistry,  had  always 
insisted  that  there  were  fundamental  differences  in  quality 
which  were  not  revealed  by  analysis.  The  more  ardent 
advocates  of  the  newer  theory  of  chemical  control  ridiculed 
this  view.  Those  whose  position  forced  them  to  look  for  the 
facts  from  whatever  source  derived  came  gradually  to  believe 
that  while  the  theory  of  chemical  control  was  in  a  broad  way 
correct,  there  were  certain  facts  which  this  theory  did  not 
cover,  and  that  the  old-school  metallurgists,  while  wrong  in 
many  of  their  notions,  were  undoubtedly  right  as  to  this.  This 
view  now  seems  to  prevail  among  those  best  informed  on  the 
subject. 

In  our  search  for  the  explanation  for  these  discrepancies, 
there  seemed,  after  the  most  careful  consideration,  to  be  two 
facts  which  might  be  taken  as  established  ：  (1)  That  certain 
irons  possessed  a  quality  as  they  came  from  the  furnace  which 
was  preserved  on  remelting,  and  which  reappeared  in  castings 
of  which  these  irons  formed  an  important  ingredient.  (2) 
That  the  rarer  elements,  such  as  nickel,  cobalt,  chromium, 
titanium,  vanadium,  and  the  like,  while  not  absent  from  the 
point  of  view  of  ultimate  analysis,  were  in  such  small  quan- 
tity and  varied  in  ways  so  entirely  independent  of  the 
quality  of  the  iron  that  the  explanation  could  not  be  attri- 
buted to  them. 

In  spite  of  the  certainty  in  our  own  minds  regarding  con- 
clusion (1),  and  the  amount  of  qualitative  confirmatory 
evidence  we  had  on  the  subject  from  innumerable  users,  we 
felt  that  there  might  be  some  hesitation  on  the  part  of  others 
in  accepting  it,  and  we  accordingly  decided  to  make  a  series 
of  tests  which  should,  if  possible,  be  so  conclusive  as  to  admit 
of  no  dispute.  We  took  six  irons  constituting  three  pairs, 
the  irons  of  each  pair  containing  the  same  silicon  (approxi- 
mately), but  having  a  different  fracture  and  different  strength, 
as  shown  by  test  bars  cast  from  the  furnace.  The  silicon  of 
the  three  pairs  was  about  1.90，  1，  and  0'70  per  cent.  We 
remelted  these  in  twin  crucibles,  as  will  be  described  later, 
and  cast  test  bars  from  the  re-melts.  In  addition  to  the 
silicon  we  determined  the  graphitic  and  combined  as  well  as 
the  total  carbon  in  each  iron,  both  before  and  after  re- 
melting.  We  also  made  photomicrographs  of  the  original 
pig  and  of  a  test  bar  from  the  re-melt，  both  etched  and 
unetched,  for  each  of  the  six  irons. 

To  show  quantitatively  the  relation  betwoen  strength, 
combined  carbon,  and  graphite,  we  made  combined  carbon 
determinations,  by  difference  in  all  cases,  on  the  lin.  bars, 
but  the  greater  chilling  of  lin.  bars  in  the  medium  No.  3  iron 
threw  the  combined  carbon  far  beyond  the  eutectoid  ratio, 
and  we  did  not  think  this  constituted  a  fair  comparison.  We 
therefore  ran  the  combined  carbon  in  all  the  2in.  bars,  taking 
the  sample  from  the  exact  centre  of  the  broken  face  of  the 
2in.  bar,  so  as  to  make  the  results  as  nearly  comparable  as 
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possible  in  each  case.  These  results  are  shown  in  Table  I. 
In  pair  1，  silicon  1*90  per  cent.,  the  combined  carbon  in  the 
strong  iron  was  0'65  per  cent.,  and  in  the  weak  iron  ()w8 
per  cent.  The  graphite  in  the  strong  iron  was  3'40  per  cent., 
in  the  weak  iron  3  30  per  cent.  In  pair  2,  1  per  cent,  silicon, 
the  strong  bar  contained  0*96  per  cent,  coinbined  carbon,  the 
weak  iron  113  per  cent.  The  graphite  was  exactly  the  same 
in  both,  3  per  cent.  In  pair  3，  0*70  per  cent,  silicon,  the 
coiuhined  carbon  iu  the  strong  iron  was  1'20  per  cent.,  in  the 
weak  iron  129  per  cent.  The  graphite  in  the  strong  iron 
was  2*90  per  cent.,  that  in  the  weak  iron  3'20  per  cent. 

I  n  every  one  of  these  cases  it  will  be  seen  that  if  we  take 
account  only  of  the  quantity  of  combined  carbon  as  increasing 
the  strength  of  the  matrix  and  that  of  graphite  as  reducing 
the  same,  we  shall  get  results  exactly  opposite  to  the  actual 
ones,  except  as  regards  the  graphite  in  pair  3，  and  even  here 
the  difference  in  favour  of  the  strong  iron  is  slight.  It  may 
be  tliat  the  matrix  is  somewhat  stronger  in  the  strong  iron, 
but  one  is  forced  to  the  conclusion  that  the  principal  reason 
for  the  difference  is  the  shape  and  size  of  the  graphite  formed 
in  the  two  cases,  and  that  quantitatively  this  difference  is 
ample  to  account  for  the  difference  in  strength. 

It  seemed  inconceivable  that  a  quality  which  would  sur- 
vive remelting  and  superheating  to  a  point  well  above  the 
fusion  point,  as  in  foundry  practice,  should  be  a  purely 
physical  quality.  In  other  words,  if  one  iron  were  better 
than  another  because  cast  at'  a  lower  temperature,  for  in- 
stance, and  for  no  other  reason  (both  being  identical  in 
analysis)  ；  when  both  were  remelted  to  the  same  temperature 
and  recast  under  the  same  conditions,  it  is  incredible  that 
they  would  not  lose  the  difference  in  quality  due  to  this 
difference  in  original  casting  temperature.  As  the  difference 
in  quality  evidently  did  persist  in  spite  of  remelting,  it 
seemed  to  me  necessary  to  believe  that  the  difference  was  a 
cliemical  one. 

As  a  consequence  of  this  conclusion,  and  of  the  establish- 
ment to  our  satisfaction  of  the  second  fact  mentioned,  that 
the  less  common  elements  were  not  responsible  for  tliese 
differences  in  quality  in  general  (though  undoubtedly  they 
exert  marked  influence  in  special  cases),  it  seemed  inevit- 
able that  some  of  the  common  elements,  not  ordinarily 
determined^  must  be  accountable  for  these  variations  in 
quality.  Of  these,  the  most  universally  present  in  the  blast- 
furnace, oxygen,  nitrogen,  and  hydrogen,  are  the  most  com- 
iiiou,  and  seemed  a  likely  field  for  investigation. 

Some  metallurgists  have  taken  the  view  that  it  was  im- 
possible for  oxygen  to  exist  in  tlie  presence  of  so  highly 
carbonised  a  product  as  cast  iron,  and  at  so  high  a  tempera- 
ture as  that  of  the  blastfurnace,  but  about  10  years  ago  I 
had  made  certain  observations  which  seemed  to  me  to  indicate 
strongly  the  presence  of  oxygen  in  cast  iron,  and  I  did  all 
that  I  could  to  get  the  matter  investigated  then  by  those 
competent  to  do  the  work.  The  furnaces  of  the  Longdale 
I ix) ii  Company,  in  whose  employ  I  was  at  that  time,  ran 
continuously  for  many  years  on  basic  iron,  with  an  absolutely 
constant  ore  mixture  and  with  a  blast  temperature  which 
was,  to  all  intents  and  purposes,  unvarying  from  one  year's 
end  to  another,  850°  Fall.  Careful  and  long-continued 
observation  of  the  appearance  of  the  iron,  and  particularly 
of  the  small  sample  chill  pig  made  at  each  cast,  in  conjunction 
with  the  analysis,  taken  with  the  working  of  the  furnace 
itself  and  the  character  of  the  running  iron,  brought  out 
clearly  certain  conditions  which  prevail  to  a  certain  extent 
at  all  plants,  but  not  so  conspicuously  at  those  with  less 
constant  conditions. 

Marked  differences  in  the  fracture  of  the  iron  for  a  given 
analysis  were  observable  according  to  whether  the  iron  was 
" wild  "  on  irregular  furnace  conditions,  or  whether  tlie 
operation  was  normal  and  the  iron  '4  quiet.''  On  wliite  irons, 
in  good  normal  working  condition  of  the  furnace,  the  fracture 
of  tlie  chill  pig  was  practically  square,  with  clearlv-marked 
acicular  crystals  running  perj)eiidicular]y  from  the  chilled 
surfaces  of  the  pig,  even  from  the  top  in  some  cases,  and 
clearly  showing  lines  running  from  the  centre  to  tlie  corners, 
these  lines  being  where  the  sets  of  crystals  from  adjacent  sides 
met.  On  a  "  wild  "  iron  of  similar  analysis  the  fracture  was 
smooth,  but  conchoidal  rather  than  square,  with  a  complete 
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absence  of  crystals  radiating  from  tlie  sides  of  the  pig,  and, 
of  r (川 rs('，  n  ('onos]>oiidiiig  aliscnce  of  the  intert'crencc  I incs 
of  lliesc  ； id  jacent  sets  of  ci  _\  stals  I'uiining  to  the  corners. 

I  rons  with  liiglier  silicon  when  m;i(l('  on  a  sinoot  lily- 
running  rurnacc  had  a  comparatively  si i^lit.  chill.  Sm'li  ； is 
there  was  showed  strongly -marked  aciciilar  <T、'stals  similar  to 
those  in  tlie  white  iron,  the  grain  (|iiit('  ojx'n  and  the  colour 
ljght.  Wlien  inacle  on  a  wi Id-working  furnace,  iron  witli 
approximately  the  same  silicon  had  greater  cliil I  、vitli  altscnrc 
of  crystals,  while  the  grey  portion  was  exceedingly  n iir- 
grained,  and  dark,  almost  purplish  in  colour,  so  as  to  give 
it  a  velvety  appearance. 

In  coke  practice  a  wild-working  fui'iiw'  is  al mnsi  alvv;iv:」 
associated  with  higher  sulj 山 urs，  and  t  lie  irons  last-  descri lied, 
both  、vhi1,t>  and  grey,  came  to  be  cordially  detested,  as  show- 
ing, eviMi  in  advance  of  analysis,  lii^li  sulphur.  It  is  a 
matter  of  much  interest  to  observe  that  tlie  white  irons 
si  lowed  in  an  increasing  degree,  a:;  they  became  wilder, 
cleavage  surfaces  which  were  disroioured  with  the  blue,  reel, 
and  purple  "  oxide  colours."  This  was  commonly  attributed 
to  oxidation  by  the  absorption  of  air  into  cooling  cracks  in 
the  pig,  but  I  have  seen  many  cases  when  these  surfaces  could 
only  be  broken  apart  by  the  most  tremendous  sledging,  and 
this  never  seemed  to  me  to  correspond  with  the  idea  of  a 
crack  of  sufficient  width  to  permit  the  ingress  of  air.  These 
'( wild  ，，  irons,  particularly  the  harder  ones,  as  they  cooled, 
threw  off  a  scale  of  considerable  thickness,  continuous  at  first 
and  detaching  itself  from  the  surface  of  the  pig  in  slabs  fre- 
quently as  large  as  one's  hand .  Thinking  that  this  scale 
might  be  an  indication  of  something,  I  had  it  analysed  for 
sulphur,  with  the  surprising  result  of  finding  only  about  one- 
third  as  much  sulphur  in  the  scale  as  was  in  the  iron. 

When  I  first,  began  making  charcoal  iron,  the  founder 
told  nie  of  "special  cylinder  n  iron,  which  he  described  as 
" an  iron  with  a  No.  2  analysis  and  a  No.  3  fracture,  made 
when  the  furnace  was  coming  up  out  of  a  scrape."  I  asked 
to  be  shown  a  specimen  of  this  iron,  and  being  struck  by  its 
absolute  similarity  of  appearance  to  the  "  wild  "  grey  iron 
made  on  a  coke  furnace  under  similar  conditions,  I  was  at 
once  convinced  that  it  contained  oxygen  and  that  the  notion 
of  its  superiority  to  ordinary  iron  was  an  erroneous  one  ；  and 
I  condemned  it  without  qualification. 

I  was  strongly  of  the  opinion  tlien  that  the  more  easily 
reducible  the  ore  the  better  would  be  the  iron,  because  the 
more  thoroughly  deoxidised  it  would  be.  This  was  very  strongly 
the  opinion  of  the  general  superintendent,  and  he  accordingly 
bought  some  Mesabi  ore  of  first-class  physical  structure,  con- 
taining about  7  per  cent,  of  combined  water  ；  in  other  words, 
a  fine  limonite  ；  and  we  made  a  test  with  this  ore,  substituting 
it  for  our  regular  Gogebic  hematite,  a  little  at  a  time. 

We  had  by  that  time  instituted  the  making  of  test  bars 
from  every  cast  and  could  observe  directly  the  variations  in 
the  strength  produced  by  different  conditions.  We  found 
that  the  strength  of  the  iron  fell  steadily  as  the  percentages 
of  Mesabi  increased,  so  that  it  dropped  from  2,8001bs.  or 
2,9001bs.  on  a  r25in.  test  bar  to  about  2,4001bs.  when  we 
had  on  from  75  to  80  per  cent,  of  the  fine  limonite.  We 
then  took  off  the  Mesabi,  got  the  furnace  back  on  to  an  all 
soft-hematite  burden^  and  repeated  the  experiment,  wit h 
absolutely  identical  results. 

About  that  time  my  attention  was  called  to  coke  irons 
made  on  an  all-linionite  burden,  which  were  of  beautiful 
analysis,  soft,  open-grained,  and  exceedingly  weak.  It  then 
occurred  to  me  that,  we  had  disliked  the  "wild  "  coke  irons 
because  they  were  generally  associated  with  high  sulphur, 
without  regard  to  their  physical  characteristics,  and,  on 
thinking  it  over,  I  realised  that  they  were  not  infrequently 
exceedingly  strong,  tough  irons  ；  and,  finally,  it  seemed  to  me 
likely  that  by  reversing  my  former  opinion  fbsolutelv  we 
might  perhaps  get  a  theory  which  would  conform  more  closely 
to  the  facts,  and  that  it  might  be  the  presence  of  a  certain 
amount  of  oxygen  (in  what  form  1  do  not  pretend  to  say) 
that  produced  certain  characteristics  as  to  fineness  of  grain, 
chilling  qualities,  strength,  and  toughness,  which  are  so 
murli  desired.  It  is  now  more  than  two  years  ago  that  I 
began  to  work  on  this  hypothesis  with  all  the  means  at  iuv 
coniinand. 


1  have  previously  fiicntioiicd  a  |,ro'lm't  virtually  unkiiown 
at  coke  Curnaces,  which  we  call  spongy  No.  6.  This  is  an 
ii'on  made  on  an  v  cold  furnace,  perfectly  wlnb*. 

； uid  filled  with  ； i  mass  of  blow-holes  so  groat  as  to  (jrrupy  up  lo  a 
half  or  even  more  of  the  volume  of  tlie  metal.  Tlie  walls  of  tl"'s<， 
blow-Iioles  are  as  white  as  silver.  The  cause  evidently  i>  1  Im- 
clescent  into  the  heartli  of  a  mass  of  inc'jrnpletel v  "'山 
ir (川 which,  mixing  with  the  liquid  iron  already  present,  sets 
up  an  action  almost  like  that  in  an  open-hearth  furnace.  Tlie 
silicon  is  removed  down  bo  the  barest  trace,  0'03  per  cent.  (,r 
so，  and  the  carbon  is  then  attacked  and  oxidised  from  the 
normal  3  50  to  4*00  per  cent,  down  nearly  to  3  00  per  cent, 
in  some  cases.  The  iron,  being  very  cold  and  low  in  car- 
bon, is  naturally  very  pasty,  and  chills  without  giving  a 
diance  for  the  escape  of  the  CO  formed  by  the  oxifhit  ion 
of  the  carbon. 

It  was  evident  that  this  iron  must  、（川 tain  a  great  (juan - 
tity  of  oxygen,  and  that  if  this  were  really  the  r ；。 卜,， t,\ 
strength  and  the  other  desired  qualities  in  iron  it  could  be 
secured  by  making  a  mixture  of  this  spongy  No.  6  and  a 
normal  iron.  Such  a  mixture  was  accordingly  melted  in  tlie 
crucible,  and  test  bars  made  therefrom  showed  results  as 
strong  or  stronger  than  the  best  iron  ever  made  from  the 
furnace  ；  l"25in.  round  bars  on  12in.  centres  breaking  up 
nearly  to  5，0001bs.，  as  against  an  average  of  about  3,0001bs. 
for  normal  irons. 

It  then  seemed  that  we  had  only  to  introduce  oxygen 
into  the  hearth  of  the  furnace  to  make  an  iron  as  good  as  the 
best.  The  easiest  way  to  do  this  seemed  to  be  to  cause 
irregular  working  of  the  furnace,  and  this  we  proceeded  to 
try  out  by  purposely  distorting  the  filling  for  several  lmurs. 
We  undoubtedly  upset  the  regular  running  of  the  furnace, 
but  the  iron  was  no  better,  probably  somewhat  worse  than 
before.  We  then  put  a  medicine  valve  on  tlie  bustle  j)i]>e, 
filled  it  with  mill  scale,  and  blew  it  into  the  hearth  just 
before  cast  time,  with  little  or  no  result,  and  such  as  there 
was,  a  detriment  to  the  quality.  This  was  repeated  several 
times. 

We  then  began  ladle  experiments,  heating  iron  ore 
and  other  kinds  of  oxides  in  the  bottom  of  a  ladle  before 
cast  time  and  running  iron  in  on  them  at  cast,  stirring  up  the 
mixture  and  pouring  test  bars  and  sample  pigs.  By  this 
means  we  did  close  up  the  grain  of  the  iron  and  induced  a 
paper  chill  (that  is,  a  line  of  white  no  thicker  than  a  piece 
of  paper  around  the  edge  of  the  pig),  which  was  not  prf^cnT 
國 the  regular  cast,  but  when  it  came  to  improvement  in 
strength  and  toughness  there  was  little  or  none  to  be 
observed. 

During  the  early  part  of  this  investigation  descriptions  of 
the  Ledebur  apparatus  for  the  determination  of  oxygen  in 
iron  and  steel  as  modified  by  the  chemists  of  the  American 
Rolling  Mill  Company  were  published,  and  we  bought  a  set 
of  this  apparatus  and  began  direct  determination  of  oxygen. 
This  determination  in  the  presence  of  3  or  4  per  cent,  of 
carbon  is  a  very  different  matter  from  its  determination  in 
steel,  and  it  took  some  time  to  learn  all  the  precautions 
necessary  to  secure  low  blanks  and  concordant  results.  This 
end,  however,  was  attained  in  time.  We  first  made  a  deter- 
mination of  oxygen  in  some  spongy  No.  6  and  found  it  to 
contain  as  high  as  013  per  cent.  We  then  took  cold-blast 
irons  and  special  cylinder  irons  and  found  these  to  range 
as  high  as  0'07  per  cent.  We  then  took  normal  charcoal 
irous  and  found  them  to  contain  only  about  0  015  per  cent. : 
foundry  coke  irons  and  electric-furnace  irons  contained  none 
at  all.  We  were  unable  to  secure  samples  of  "  wild"  coke 
basic  iron  such  as  described. 

As  many  of  the  data  in  this  article  are  derived  from  test- 
of  remelts,  it  seems  desirable  to  state  that  all  the  remelts 
mentioned  or  tabulated  in  this  paper  are  made  in  a  '•  coke 
hole,"  approximately  elliptical  in  shape,  so  as  to  take  two 
crucibles  at  once,  aud  provided  with  two  tuveres  at  opposite 
ends  of  its  long  diameter,  so  that  both  its  crucibles  would  be 
subjected  to  the  same  intensity  of  combustion,  &c.  In  all 
cases  where  directly  comparative  results  of  a  given  treatment 
have  been  sought,  iron  from  tlie  same  cast  has  been  used 
in  each  crucible,  melted  at  the  same  time,  and  the  two  poured 
withiu  a  few  niiuutes  of  each  other;  one  with,  the  other 
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qualities  contain  ow^mi  iu、  appreciable  quantities.  Weaker 
irons  of  similar  analysis  contain 】e -、 s  or  no  oxygen.  (2)  Poor 
ajid  normal  irons  mav  he  improved  l>eyoiu]  recognition  In- 
introducing  oxygen  into  them. 

As  an  additional  proof  that  the  actual  cause  of  tlie  in- 
creased strength  of  the  strong  irons  was  oxygen,  we  tliought 
it  would  be  well  to  try  the  effect  of  deoxidising  some  of  these 
strong  irons  with  recognised  agents  used  for  that  purpose. 
We  accordingly  made  various  ivmelts  of  strong  irons  whirl i 
we  deoxidised  in  the  crucible  immetliately  before  pouring 
with  ahuniniuin  in  several  cases  and  with  titanium  in  one 
or  two.  The  results  with  titanium  ； i ve  coitfirniatory  of  the 
results  with  the  aluininiuiii.  The  st rong  iro.is  deoxidised 
with  about  loz.  of  10  per  cent,  feiro-titanium  per  501bs. 
crucible  were  greatly  weakened.  We  believe  that  these 
results  may  he  taken  as  a  final  and  conclusive  proof  that 
oxygen  in  some  form  not  known  or  understood!  by  us  is 
accountable  for  the  ahnoi  nial  strength  of  irons  whose  analysis 
as  regards  other  elements  is  normal. 

As  to  the  condition  in  wliicli  this  oxygen  exists,  we  know 
noiliiiig.  We  have  been  unable  to  detect  it  with  the  micro- 
scope, and  we  <-an  (川 ly  assume  that  it  is  some  oxide  of  very 
much  lower  degree  than  aiiv  with  wliicli  we  aie  familiar.  Its 
effects  seem  tor  be  two-fold  ：  ( 1 )  I  <  ma kes  the  iron  very  "m('li 
more  sensitive  to  chilling  influences.  One  of  these  good  irons 
if  cooled  normally  will  be  only  slightly  harder  than  a  normal 
iron,  and  on  account  of  its  fine,  close   grain    will  machine 


have  better  chilling  qualities  than  irons  contiining  less  of 
this  element,  but  of  the  same  analysis  in  other  respects. 

(2)  Frons  may  contain  a  suflicient  quantity  of  carbon  to 
mnke  them  rotten  and  worthless  tiirougli  the  predominance 
of  the  eutectic  structure  when  d eficient  in  oxygen,  and  yet, 
wlieii  they  contain  a  considerable  quantity  of  oxygen,  be 
entirely  free  from  this  structure  and  of  excellent  (！ ualitv. 

( 3)  Furnace  conditions  control  whether  the  carbon  shall 
be  below  or  above  the  eutectic  ratio  aiul  tlie  presence  of 
iKucli  or  little  oxygen,  the  two  dominant  factors  in  the 
t'undatnental  quality  of  the  iron  ；  that  iron,  broadly,  being 
the  best  wliicli  is  niuJe  nt  tlie  lowest  temperature. 

(4)  Charcoal  irons  can  be  made  at  temperatures  several 
hiind red  degrees  lower  than  are  practicable  with  coke,  and 
lia\<'  a  great  jtossi l)le  advantage  in  that  respect.  This  is 
largely  wasted  without  good  furnace  work  in  the  broadest 
sense. 

(5)  Phosphorus  up  to  0*50  per  cent,  or  more  exercises 
a  l)eneficial  influence  on  the  strength  of  the  iron  and  tlie 
depth  Miui  character  of  the  chill.  Phosphorus  also  has  a 
teiulency  to  reduce  total  carbon. 

(6)  Aluminium  and  titanium  lend  to  reduce  the  strengtli 
and  ('hilling  power  of  the  iron  l>y  removing  its  oxygen,  hut 
titaniuiii  may  liave  an  inlluence  independent  of  this  on 
account  of  its  removing  nitrogen  also. 

(7)  Ch roiniuni  and  manganese  have  an  almost  identical 
effect  in  raising  the  total  carbon  and  throwing  it  into  the 


witliout  tli,'  desired  treatment.  We  have  endeavoured  to 
tjet  two  2in.  square  bars,  two  lin.  square  bars,  and  two  l*25in. 
round  bars,  all  cast  on  end,  from  every  such  heat,  but  not 
liaviu^  a  skilled  moulder  on  this  ivitlier  difficult  work,  we 
liave  not  ahvavs  succ"ee*!e<]  iu  getting  a  complete  set  of  perfect 
ha  rs.  Tli  ere  is  also,  of  course,  a  variation  to  be  expected  in 
these  bars  on  account  of  the  n;itu re  of  the  material  and  on 
； ncoiuit  of  their  Iteing  industrial  rati""'  t  liaii  laboratory  or 
refined  tests. 

We  repeated  many  times  tlie  experiment  of  reinelting 
normal  or  even  very  poor  (il  spotted  ")  irons  witli  spongy 
No.  6,  and  with  the  same  result  in  every  instance,  an  im- 
provement in  the  strength  up  to  50  per  cent,  or  more.  We 
give，  in  Table  I.，  a  sumnui rv  of  the  results  on  the  three  pairs 
of  renielts  mentioned  earlier,  wliicli  shows  their  chemical  coin- 
position  and  a】so  tlie  strength  of  the  original  iron  and  of  the 
renielts.  It  will  be  seen  that  in  every  case  those  irons  which 
were  strong  as  they  came  from  tlie  furnace  retained  their 
superiority  after  reinelting.  It  will  also  be  seen  that  the 
good  iron  was  in  eacli  case  inucli  higher  in  oxygen  than 
the  corresponding  poor  iron . 

To  summarise,  therefore,  we  consider  that  we  have  proved 
the  following  facts :  (1)  Strong,  tough  irons  of  high  chilling 


lnvuit ifully  :  l)ut  if  the  surface  be  chilled  even  slightly  it 
begins  to  wliiten  up，  and  with  a  cliill  of  any  strength  will  be 
solid  white  at  the  edge,  where  a  normal  iron  of  the  same 
silir(m  would  show  little  chill,  or  none  at  all.  (2)  The  other 
principal  effect  consists  in  tlie  extremely  fine  sub-division  of 
tlie  graphite  in  the  strong  irons,  contrasting  conspicuouslv 
with  the  large,  coarse  aggregates  of  graj)liite  in  the  weak 
irons.  A  comparison  of  the  photographs  obtained  of  tlie 
strong  irons  with  those  of  the  malleable  iron  cast  white  and 
gra])hitised  by  annealing,  one  is  struck  with  the  resemblance, 
？ ind  it  is  easy  to  suppose  that  the  effect  of  oxygen  is  to  raise 
the  solidifying  point  of  the  iron  relative  to  the  temperature 
of  evolution  of  the  graphite,  ho  tliat  the  latter,  instead  of 
being  free  in  the  liquid  mass  to  assume  as  bulky  a  form  as  it 
el  looses,  can  only  form  against  great  pressure,  and  must  there- 
fore l'orin  in  the  most  compact  particles  possible,  which,  in 
t tirn,  cannot  coalesce  into  larger  masses  because  of  the  resis- 
tance of  the  surrounding  medium.  These  are  purely  scientific 
points  outside  the  field  of  a  commercial  investigation,  a u t\ 
beyond  our  power  to  investigate. 


(1)  Irons  which  contain  oxygen  to  a  considerable  extent , 
in  ;i  form  as  yet  unknown,  are  stronger  and  touglier  ； hh.I 


Table  I. 一 //,'.、'〃〃.、•  of  He  welts.. 


Origit^iil  Iron. 


Uust 
No. 


Kni'l. 


I  ；  i  ■  1 1 1  <  ■  1 1 
No. 


liroiikinj;  Strength 


liound 


•2in. 

S(!UH1V 

Bar. 


Total 
Carbon 
lu  r  Cent. 


(_ivfi|)liitic 
Carbon 
)K-r  (  vnl. 


Com- 
pei'  Cent. 


per  Cent. 


iianese 
per  Cent. 


pt'l  Cent. 


Sulpliur 
per  Cent. 


]>er  Cent. 


l>er  Cent. 


Fracture. 


A  Soft  1  ... 

A  Soft  1  ... 

l\  Spl.  I  ... 

B  Spl.  I  ... 

C  High  2... 

C  Hi-h  2... 

I)  Hi-h  '2... 

I)  lli-h  H... 

I':  Med.  3... 

E  |Mc<I. 

f  |Med.  3". 

J'，  Mod.  3... 


II. 

I;.  -2\>-2 
\X.  2"  了 

R.  'M)\ 


taken 
takt'ii 

0.70 

taken 
taken 

taken 
taken 

0-50 
taken 
taken 

0-60 

1  a  ken 
0-59 

taken 


(l.  \  0.017 
from  2in.  ba r. 
from  lin.  I>ar. 

1 12  0.020 
from  2i".  bar. 
tVom  I  in.  l»ai'. 


from  2in.  2a r. 
from  lin.  bar. 


from  2in. 
ifroni  1  in. 

I  0-128 

Croju  2in. 
(».  I  OS 

fioui  2in. 


bar. 
bar. 

0-035 

l)ar. 
0-024 


0.02"； 


(>.(»:iS 


().(►()!» 


( 'lose     ain  fi,»r  ^radi 


W-rv  opt'ii,  low 


( 'lose  ^ rain. Jin.  chill 


Open  urain.J-i 


-hill 


4.1：»(1 
2,.">00 


I", (""I 
15,900 


：5-40 


0.78 
LOO 


4 'mi 
13, 嗎  4-08 
i:i.!M)0  4-08 


o: 

13 

12,000 

13 

4. 

10 

1!».：{00 

20,800 

1( 

49 

10.900 

12. 卿 

4!t 

0.78 
0.71) 

0-  95 

1  •  00 

0.90 
1.13 
(>■  .7 

0.li(» 

1-  20 
0-89 


1.88 

Sample 
Sample 

I  •  00 

Sanijtlr 
Samplr 

LOO 
Sample 
Samph' 

0-70 

0.  72 
Sample 


l(>JHM) 
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combined  coiulition.  Tlie  latter  incivasi-s  the  dull  and  tlie 
.strength,  l>ut  tlie  comliiiicd  car ，"川 so  pioduccd  is  m  Ui<: 
form  of  eutectic  plates,  wliich 山-prive  the  iron  of  imicli  nl 
tlie  strength  wliich  it  would  have  with  tlie  same  <-<)'iihiiic<l 
carbon  in  the  al)sencc  of  these  plates. 

(8)  Chill  produced  by  these  elements  cannot  1"'  <'.、|>i'''t'''l 
lo  liave  tlie  same  wearing  qualities  ； is  tli;it.  pnxluccd  l)y 
elements  wliicli  do  not  fuilhcr  the  t'oniiation  of  Hat  plates  ol 
outectir. 


BLASTFURNACE  AND  COKE-OVEN  OAS  FOR  POWER 
PURPOSES.^ 


I!Y  HKlNUItll  J.  FKKYN. 


Hy  taking  advantage  of  the  recent  innovation  oi  II  A. 
Brasst'rt  ,  blast  furnaces  are  now  al)le  to  ensure  fulfilment  ot 
；, contract  for  the  delivery  of  a  specified  uniform  ； ""omit  of 
power  in  times  of  business  depression  as  well  as  activity. 
Brassert  virtually  transt'onns  a  non-active  1)lastfurnace  into 
a  huge  gas  producer,  and  gasifies  in  it,  small  coke,  raw  coal, 
and  coke  breeze,  on  the  principle  of  a  slagging  type  of  pro- 
ducer, using  open-heHith  slag  as  flux.  This  lias  been  verv 
successfullv  denion..traled  at  South  Chicago  and  Garv.  This 
disposes  of  the  argument  that  curtailment  of  pig  iron  and 
coke  production  in  times  ol"  business  depression  militates 
against  maintaining,  say,  a  gas-driven  electric  power  plant. 

3  The  blastfurnace  gas  engine  has  to-day  attained  a  very 
high  standard,  as  can  readily  be  seen  by  the  truly  reinark- 
al)le  results  achieved  with  "the  world's  largest  g^as-engine 
plant  at  Gary  ；  but  the  coke-oven  gas  engine,  although 
mechanically  equivalent  to  the  blastfurnace  gas  engine,  has 
to  deal  with  a  fuel  of  entirely  different  character.  The  large 
percentage  of  hydrogen  in  coke-oven  gas  causes  an  extremely 
rapid  flame  propagation,  so  that  the  time  of  combustion  of  a 
mixture  of  coke-oven  gas  and  air  is  considerably  shorter,  and 
this  combustion  much  more  of  an  explosive  character,  than 
is  the  case  with  blastfurnace  gas.  The  compression  in  coke- 
oven  gas  engines  must,  on  account  of  these  characteristic 
qualities  of  the  fuel,  be  kept  considerably  lower  than  is 
customary  and  appropriate  for  blastfurnace  gas  engines. 
Costly  experience  has  taught  European  gas-engine  manufac- 
turers to  reduce  the  comj)ression  pressure  in  coke-oven  gas 
niyines  to  llOlbs"  and  even  to  851bs.?  per  square  inch, 
depending  somewhat  on  the  percentage  of  hydrogen  in  the 
gas. 

Owing  to  the  snappy  action  of  the  gas,  coke-oven  gas 
engines  are  at  times  quite  susceptible  to  back-firing  and  pre- 
mature explosions.    Effective  cooling  of  gas  cylinders,  pistons, 
piston  rods,  &c.，  become:  therefore,  a  very  important  matter 
on  account  of  the  intense  heating  of  these  parts.    The  abso- 
lute quantities  of  coke-oven  gas  consumed  during  one  working 
cycle  are  comparatively  small,  even  at  full  load,  and  perfect 
regulation  of  coke-oven  gas  engines  is,  therefore,  not  so  easily 
accomplished  as  that  of  blastfurnace  gas  engines.  Serious 
difficulties  were  encountered  in  the  earlier  days  because  it  w;is 
found  quite  impossible  to  maintain  satisfactory  parallel  opera- 
tion，  especially  at  fractional  loads,  of  coke-oven  gas-engine 
generators  feeding  into  the  same  system.     Ignorance  on  the 
designer's  part  was  very  largely  responsible  for  these  diffi- 
culties, because  gas  ports  and  gas-valve  areas  were  made  fa r 
too  large  and  entirely  out  of  proportion  to  the  size  of  the 
air  ports,  since  no  attention  was  paid  to  the  low  specific 
gravity  of  coke-oven  gas.    Much  larger  quantities  of  gas  than 
actually  required  at  any  specific  load  were  thas  caused  to 
enter  the  gas  cylinders,  and    these   earlier   engines  nearly 
always  operated  on  excessively  ricli  mixtures.    The  obvious 
result  was,  after  burning,  destruction    of    exliaust  valves, 
piston  rods,  and  cylinders,    violent    hack-fires    and  vicious 
premature  explosions,  all  of  wliich  caused  extremely  unsatis- 
factory commercial  operation. 

To-day  the  coke-oven  gas  engine  has  reached  sucli  a  liigli 
state  of  perfection  in  Gennanv  that  it  is  second  only  to  tlie 
blastfurnace  gas  engine  in  importance  and  serviceahleness, 
with  the  qualification,  however,  that  unit  capacity,  and  more 
particularly  the  rating,  must  be  conservative.      The  latest 


*  Abfitvaoi  of  inipi  r  ivikI  at  tlio  New  VorK  Mrrtini; 
Mining  Kti^iiii'tTs.  Krl'nuu..、  18th.  1911. 
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coke-oven  gas  engines  l)iiilt  by  TIivsxmi  tV  ('o  ,  ot  M  ih-IIumiii 
Rulir,  Germany,  installed  at  Bouifacius  Colliery,  in  、、，'  、， 
])]ialia,  are  of  the  twin-tandem  double-acting  fom  rvrl''  type. 
Iiaving  four  gas  cylinders  47Ain.  diarn.,  5iin.  、t'okf'，  and 
develop  at  94  revs,  per  minute  al>ou(  5,000  h.\\.)).  I';"al"'l 
operation  is  beyond  criticism  and  tlie  load  factor  of  tliw 
engines  is  very  high ― from  ！ )()  to  100  per  cent. ― since  peak 
loads  are  taken  up  by  the  blastfurnace  gas  eiigiii''  |»Iarit  ami 
the  steam  turbines.  These  engines  were  built  two  years  n^n 
and  are  probably  the  largest  coke-oven  gas  engines  in  tl'p 
world.  Tlie  compression  pressure  is  only  85 lbs.,  aiul  tlir 
maxim u m  explosion  pressure  does  not  ex('('('(l  250lhs.  per 
square  inch.  Each  cylinder  end  is  provided  with  three 
igniters.  The  gas  consumption,  as  measured  l>v  means  of  a 
large  gasholder,  was  found  to  he  12,000  b.t.u.  |)er  kilowatt 
hour  at  90  to  100  per  cent.  load.  The  over-al!  merhanical 
efficiency,  including  generator,  is  82'3  per  cent,  at  that  load. 

The  overwhelming  majority  of  gas-engine  inainifacturers 
in  this  country  restrict  the  capacity  of  coke-oven  gas  engines 
to  about  700  b.h.]).  or  750  h.li. |>.  per  double-acting  cylinder 
at  present.  This  prudent  and  conservative  policy  on  the 
pa rt  of  American  gas-engine  builders  sliows  excellent  judg- 
ment. 

It  should  be  remembered  that  tlie  jMesence  of  sulphur  in 
coke-oven  gas  in  the  form  of  sulpliuretted  hydrogen  and 
carbon  bisulphide  was  the  cause  of  very  serious  troubles  before 
it  was  learned  how  to  combat  its  influei.ee.  The  slightest 
water  leak  in  the  gas  cylinders  from  defective  pistons  or 
water-cooled  exhaust  valves  resulted  in  serious  corrosion  of 
all  finished  parts,  and  particularly  of  piston  rings,  piston 
rods,  and  metallic  packing.  Tins  corrosion  was  caused  1)、' 
sulphuric  acid  formed  by  the  combination  with  oxygen  and 
water  of  sulpliur  dioxide,  resulting  from  the  combustion  of 
sulphur  in  the  gas.  Instead  of  striking  at  the  root  of  tin* 
evil  by  proper  sulphur  purification,  and  by  prevention  of 
water  leaks,  attempt  was  made  to  cure  the  trouble  by  resort- 
ing to  building  materials  which  would  not  be  attacked  by 
sulphuric  acid. 

Considerable  progress  has  been  made  in  recent  years  in 
designing  sulphur  cleaning  plants  wliich  eliminate  nearly 
all  of  the  sulphuretted  hydrogen,  although  no  practical 
means  has  so  far  been  discovered  to  separate  carbon  bisulphide 
from  the  gas.  Gas-engine  manufacturers  in  Europe  arc, 
however,  willing  to  guarantee  satisfactory  and  continuous 
operation  of  gas  engines  supplied  with  purified  coke-oven  ； "卜 
containing  as  much  as  1*25  gr.  of  sulphur  com  pounds  in  one 
cubic  foot. 

Naphthalene,  which  is  deposited  hy  the  gas,  particularly 
in  cold  weather,  easily  obstructs  pipe  lines  and  valves.  This 
also  lias  been  the  cause  of  niuch  annoyance.  If  benzol  is 
recovered  from  the  gas  no  trouble  from  naplithalene  deposit  - 
can  occur,  since  it  is  absolutely  necessary  tor  efficient  benzol 
recovery  to  extract  the  naplithalene  from  the  gas.  In  plants 
where  benzol  is  not  recovered,  it  happens  not  iiifrequentl v 
that  the  gas  pipes,  & ('.，  have  to  be  steamed  out  from  time  to 
time  in  order  to  dissolve  the  naphthalene,  which  otherwise 
accumulates  in  the  piping  and  on  the  valves,  until  the  out- 
put of  the  power  plant  is  noticeably  reduced.  Incidentallv 
benzol  recovery,  in  connection  with  bv-product  coke-oven 
plants,  improves  gas-engine  operation  owing  to  the  elirniiwi- 
tion  of  certain  hydrocarbons,  and  because  the  heating  value 
of  the  gas  is  reduced  about  5  ]>er  cent.  Coke-oven  gas  used 
for  power  purposes,  or  as  fuel  in  a  steel  plant,  does  not 
require  any  illuminating  properties  ；  the  recovery  of  tlie 
benzol  from  the  gas  for  sale  offers  very  attractive  financial 
possibilities  and  yields  an  exceptionallv  liandsome  profit  on 
the  investment. 

A  straightforward  acknowledgment  of  the  salient  difli- 
culties  with  earlier  coke-oven  gas  engines  coupled  witli  an 
account  of  the  remedies  which  eliminated  tlie  trouble  in  sub- 
sequent installations  can  only  havo  a  beneficial  effect  upon 
the  cause  of  the  coke-oven  gas  engine.  The  meagre  ex- 
j)eriences  obtained  with  one  or  two  earlier  coke-oven  <;as 
engine  installations  in  this  countrv  are,  in  tlie  author's  jml"'- 
ment,  not  sufficient  premises  to  argue  for  or  against  the  use 
of  coke-oven  gas  for  gas-engine  purposes  and  to  draw  con- 
clusions of  any  value. 

The  application  oi'  the  coke-oven  gas  eugiue  for  direct 
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driving  of  rolling  mills  is,  to  the  author's  knowledge,  not 
illustrated  by  a  single  installation  abroad  or  in  this  country. 
Its  aWm'e  i'rom  this  iield  is  largely  explained  by  the  geo- 
graphical separation  of  coke-oven  plants  and  rolling  mills. 
The  load  conditions  of  rod,  wire,  and  sheet  mills  are  not 
unfavourable  for  direct  gas-engine  drives,  since  they  impose 
upon  the  prime  mover,  neither  violent  nor  excsssive  load 
variations.  The  average  power  demand  of  such  mills  is 
moderate,  so  that  frequently  single-tandem  gas-engine  units 
are  fully  capable  of  performing  the  work.  The  direct- 
connected  rolling-mill  gas  engine  for  light  continuous  mills 
does  not  require  much  overload  capacity,  and  can  therefore 
be  suitably  rated  to  operate  at  a  high  load  factor.  The  gas 
consumption  is  then  very  low  and  the  thermal  efficiency  high. 
The  result  is  a  substantial  fuel  economy  per  ton  of  finished 
product,  compared  with  steam-engine,  stearn  -turbine,  or 
electric-motor  drives. 

The  principal  advantage  of  direct  gas-engine  mill  drives 
is,  of  course,  the  saving  in  cost  of  installation  and  operation. 
Such  direct  drives  do  away  with  costly  combinations  of 
electric  central  station,  transformers,  transmission  lines,  mill 
motors,  and  the  requisite  expensive  auxiliaries.  They  are, 
moreover,  not  attended  by  the  multiplicity  of  efficiency  losses 
on  account  of  the  roundabout  way  of  generation,  transforma- 
tion ， and  transmission  of  energy,  which  are  handicapping 
electric  mill  drives. 

Blastfurnace  gas  of  low  lieatiug  value  and  great  volume 
does  not  lend  itself  readily  to  economical  long-distance  trans- 
portation through  pipe  lines,  because  the  first  cost  of  com- 
pressor equipment  and  pipe  line  would  alone  be  prohibitive, 
but  the  transmission  of  coke-oven  gas  for  illuminating  pur- 
poses through  distances  of  30  and  40  miles  is  not  unknown, 
and  the  expenses  incidental  to  the  installation  and  operation 
of  booster  stations  are  moderate. 

No  matter  what  objections  could  justly  or  unjustly  be 
raised  against  the  use  of  coke-oven  gas  for  direct  power 
generation  in  modern  gas  engines,  none  of  these  can  possibly 
apply  on  the  use  of  a  mixture  of  blastfurnace  and  coke-oven 
gas.  The  practice  of  combining  blastfurnaces,  steel  mills, 
and  coke-oven  plants  in  one  locality,  gives  the  American  iron 
and  steel  master  an  enormous  advantage  over  the  majority  of 
his  European  competitors  in  the  matter  of  rational  utilisa- 
tion of  the  available  surplus  gases.  It  is  evident  what  truly 
ideal  conditions  would  obtain  in  such  combined  plants  if  only 
one  kind  of  gas  fuel  were  used  for  all  requirements  of  the 
plant.  A  gas  mixture  in  suitable  proportions  of  blastfurnace 
and  coke-oven  gas  would  fulfil  the  most  exacting  specifications 
which  could  be  imposed. 

There  would  not  be  any  difficulty  in  maintaining  a  heating 
value  of  the  gas  mixta  re  to  all  intents  and  purposes  uniform, 
if  this  task  were  committed  to  the  action  of  automatic  devices. 
One,  or，  if  necessary,  several  automatic  recording  gasi  calori- 
meters could  be  equipped  with  a  maximum-minimum  electric- 
contact  attachment,  corresponding  to  the  permissible  maxi- 
mum and  minimum  heating  value  of  the  gas  mixture.  These 
calorimeters  would  control — by  means  of  relays  and  electric 
motors — gate  or  butterfly  valves,  arranged  in  the  coke-oven 
gas  pipe,  at  or  near  the  point  of  connection  with  the  blast- 
furnace gas  main.  The  suggestion  of  using  a  gas  mixture  for 
gas-engine  purposes  is  by  no  means  new  or  original,  with  the 
t  xrcption  perhaps  of  the  proposed  method  of  controlling  the 
heating  value  automatically.  Gas-engine  plants  using  such 
mixtures  have  been  in  very  successful  operation  abroad  for 
a  number  of  years.  A  mixture  of  one  part  of  coke-oven  gas 
of  500  B.T.U.  and  of  15  parts  of  blastfurnace  gas  of 
100  B.T.U.  would  have  a  heating  value,  of  125  B.T.U.  per 
cubic  foot. 

The  fa^t  that  the  gas  mixture  is  supplied  by  two  practi- 
cally independent  sources  constitutes  in  itself  a  safety  factor 
of  no  little  value.  At  times  of  momentary  shortage  of  either 
ingredient  the  regular  output  of  electric  power  would  be 
maintained  by  admitting  to  the  engines  a  mixt'u'e  leaner  or 
richer  than  standard.  The  possibility  of  using  in  the  en- 
gines producer  gas  made  by  one  of  the  existing  blastfurnaces 
operating  according  to  Brassert's  gas-producer  principle  is  an 
adequate  safeguard  against  the  influence  of  a  curtailment  of 
pig  iron  and  consequently  blastfurnace  gas  production 
brought  about  by  a  business  depression.      Blastfurnace  pro- 


ducer gas  has  about  the  same  heating  value  as  the  gas  mix- 
ture and  its  composition  by  volume  is  approximately  as 
t'uilows  ： — 

Blastfurnace  Producer  Gas. 

Per  cent. 


CO    34-0 

C02   1G 

H    2'9 

CH4    10 

B.T.U   126 


Tlie  percentage  of  hydrogen  in  furnace-producer  gas  is 
considerably  smaller  than  in  the  standard  gas  mixture.  The 
former  gas  can,  therefore,  be  substituted  for  the  mixture 
with  impunity.  The  higher  percentage  of  carbon  monoxide 
in  the  producer  gas  will  counterbalance  the  reduction  in 
hydrogen  to  a  large  extent,  as  far  as  the  effect  upon  gas- 
engine  operation  is  concerned.  It  can  thus  be  expected  that 
the  change  from  one  gas  to  the  other  can  be  made  even  with- 
out important  readjustments  of  valve  and  damper  setting  on 
the  gas  engines. 


INDUSTRIAL  AND  TRADE  NOTES. 

The  Dalby-Watson  Optical  Indicator. ― Messrs.  W.  Cussons,  Ltd.,  thr 
Technical  Works,  Lower  Broughton;  Manchester,  inform  us  that 
tliey  are  the  makers  of  the  optical  indicator  described  on  page  235 
of  our  last  week's  issue. 

Revision  of  Riveters'  Price  List. ― A  two-days'  conference  between  the 
Shipbuilding  Employers'  Federation  and  the  Boilermakers' 
Society  on  the  revision  of  the  riveters'  price-list,  which  the  men 
contr^cl  to  be  out  of  date,  concluded  at  Edinburgh  on  the  12th 
inst.  At  the  close  it  was  officially  intimated  that  both  parties 
had  come  to  a  mutual  agreement,  and  that  the  terms  would  be 
submitted  to  their  members  as  early  as  possible  ；  meantime,  the 
notices  on  the  Tyne  and  the  Wear  were  suspended,  and  work  will 
continue. 

Boiler  Makers'  Society  and  Political  Action. ~ In  the  case  of  the  Boiler- 
makers' Society  two  ballots  have  been  necessary  to  determine 
whether  the  Society  will  engage  in  political  action  under  the  Trade 
Unions  (No.  2)  Act ― one  to  sanction  the  necessary  amendment  of 
rules  and  the  other  on  the  general  question  of  a  political  levy.  The 
first  ballot  has  just  been  completed,  and  the  result  is  officially 
declared  as  follows :  For  alteration  of  rules,  2,764;  against,  1,542  ； 
majority,  1,222.  The  present  membership  of  the  Society  is  66,000, 
so  that  over  61,000  members  did  not  vote.  The  second  ballot  to 
authorise  the  necessary  levy  、vill  be  taken  next  month.  It  "  ill  be 
remembered  that  last  year  the  boilermakers  decided  to  secede  from 
the  Labour  party. 

New  Motor  Ship.- The  twin-screw  motor  vessel  "Falsti'ia"  was 
launched  on  the  12th  inst.  by  Ha r land  &  Wolff  at  their  Glasgow- 
shipyard.  The  '•'  Falstria  "  is  the  first  of  two  sister  vessels  which 
are  under  construction  by  the  same  builders  for  the  East  Asiatic 
Company,  of  Copenhagen.  In  length  over  all  she  is  381ft.,  in  breadth 
moulded  50ft. ，  and  in  tonnage  about  4,500  gross.  The  winches  and 
windlasses  are  electrically  operated,  and  the  steering  gear  is 
arranged  on  the  electric  hydraulic  principle.  The  vessel  will  be 
fitted  with  two  4- stroke-cycle  single-acting  Diesel  motors,  each 
((川 pled  direct  to  its  line  of  shafting  ；  also  two  4-stroke-cycle  single- 
acting  auxiliary  Diesel  motors,  each  coupled  direct  to  a  dynamo 
and  an  air  compressor.  Each  of  the  main  motors  has  six 
cylinders. 

Safety  Committees  of  Workmen. ~ A  plan  has  been  formulated  in  the 
State  of  Washington  to  prevent  accidents  in  mills  and  fac- 
tories. As  a  result  of  negotiations  between  the  Industrial  Insur- 
ance Commission  and  the  State  labour  department  safety  com- 
mittees of  workmen  are  being  organised  in  all  plants  in  the 
State.  These  committees  will  consist  of  three  workmen  wIiono 
duty  it  wili  be  to  receive  reports  from  other  employes  as  to  defects 
in  machinery  or  other  dangerous  conditions,  and  as  to  carelessness 
on  the  part  of  other  workmen,  as  well  as  to  do  safety  w  ork  on 
their  own  initiative.  Statistics  of  the  Industrial  Insurance  Com- 
mission indicate  that  less  than  3  per  cent,  of  all  accidents  are  due 
to  ii nsaf e  machinery 3  the  majority  resulting  from  carelessness.  It 
is  hoped  to  reduce  these  largely  by  the  new  plan. 

Employment  in  the  Engineering  Trades. ― According  to  the  return 
issued  by  the  Board  of  Trade,  employment  in  February 
was  good  on  the  whole.  The  coal-mining,  engineering,  and  .ship- 
building trados  continued  avcII  employed.  In  most  of  the  other 
principal  industries  there  was  also  a  slight  iniprovenieiit.  The 
changes  in  rates  of  wages  which  came  into  operation  in  February 
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"fiVr'twl  -*)(),()()() 謂' kp(、op"、，  of 
"'"11(1  siistainrd  (Increases,  t  !u-  net.  n's'ilt  <tl'  ;itl  tin*  cIuimkos  hi-in^ 
a  (It'crcasc  ol  1 1  ,.'$00  por  w c«'k.  Tlio  n 、： ws  、、*','，'  confined  In 
the  iron  mining  an<l  pig  iron  nnd  iron  and  s(«»cl  industi  ios.  Tlio 
tot  ill  iiumlxM-  ot  workpeoph*  involved  in  all  disputt's  in  pr'w" 
during  the  month  was  02,04^,  as  comparted  with  (il  ,7H.'{  in  Janua ry. 
Tlio  estimated  total  a^^re^utt^  duration  of  all  disputes  (luring  。"' 
month  was  82 7, ；*<)()  work i no;  dnys,  as  ('omp;in、d  with  in 


The  Trades  Disputes  Act.-- At  1  hr  r('('('nt  amuial  meet in^  of  t lie 
Association  of  (Miamljors  ot  oinmerct'  of  ihc  I'mtcd  Kingdom, 
consHl<M'al)l('  discussion  w  ns  arnuscd  by  a  i'*»soliiti<ni  suhniittod  l»y 
the  Leeds  C-ha nibci-  witli  rci'ciuMico  to  the  aim'"(lmt>i't  of  tlic 
Tra(l(、s  Disputes  Art  of  190fi.  Tht'  rcsoliitimi  n>('omnu'ii(l(>(l  that  t  lie 
Art  should  l»t»  amended  in  two  directions,  viz.,  ( 1 )  hy  limiting;  tlic 
nuiiiber  and  powers  oi  pickets,  and  (2)  l>y  a j»|>lvin<j;  tlit'  ordinary 
l:i、v  of  a^tMicy,  u  itli  proptT  liniitations,  to  arts  coininittcd  hy  or  (m 
l"'halt'  of  trjidf  unions.    11"、  ( iovrrn  men  I  w  jis  myil  tu  takr  imiiic 

1  ho    山' siivd    diiv(ti("i .    ( >ti  Itt'liall' 
； i     resolution     w ;i s    passed,     w  liicli 
to     avoid     .stril"'、     and     i  acil  itiitc 
disputes     hctu  tMMi     opci-ativos  and 
id    coiidition    of    lahouc    and    \\  a^cs 
of  the  cxistijiy;  hil>our  conciliation  aud 
cstnldislKHl  ill  indiisti-ial  <vntr('s." 


duito  legislative  action  i 
ol'  th^  Dudley  (1hiiml)tii 
u v<fod  that  "  in  ("d*"' 
a  spot'dy  sottlriiKMit  of 
employers  as  to  houi's  i 
labour  tt  i'tunals  on  tin*  Iiiu* 
;i ilii trillion  l)oa \d> 


Foreign  Competition  and  Labour  in  Locomotive  Shops.  -Mi-.  H u^h  Kcid , 
who  presided  at  the  annual  mt'etiiig  oi'  the  Noi'tli  British  r'ocoino 
tive  Company,  held  at  Glasgow  on  the  12th  inst.,  made  a  state- 
ment witli  】't'g;ml  to  the  outlook  as  to  foreign  competition  and 
labour.  Jii  lanuMiting  a  much  reduced  output  i  roiii  the  workshops, 
both  in  value  and  bulk,  he  said  the  directors  earnestly  trusted  the 
workers  would,  in  view  of  the  aggressive  continental  and  American 
competition,  settle  clown  to  steady  work  before  their  markets  were 
permanently  lost  to  them.  Within  the  last  two  years  their  foreign 
competitors  had  built  about  212  locomotives  ior  markets  which 
were  formerly  practically  theirs  exclusively.  All  these  engines 
could  quite  comfortably  have  been  built  in  British  locomotive  shops 
in  the  time  required,  in  addition  to  the  work  produced  these  last 
two  years,  if  the  workmen  liad  only  maintained  their  former  out- 
put. Meantime,  the  prospects  for  the  coming  yeai"  were  satisfac- 
tory, although  enquiries  for  locomotives  at  present  wevv  tV、v  and 
far  between. 

Trade  Circulars. ― We  have  received  trade  riroula rs  and  cata- 
logues from  the  following  firms :  J.  W.  Brooke  &  Co.，  Ltd.,  engi- 
neers, Lowestoft,  new  edition  of  their  marine  motor  catalogue 
with  one,  two,  three,  or  four  cylinders,  and  ranging  in  power 
from  3  li.p.  to  300  h.p.  The  Benjamin  Electric,  Ltd.,  Rosebery 
Avenue,  Laystall  Street,  London,  E.C.，  catalogue  of  Honjaniin 
lighting  specialities  in  the  shape  of  lamps,  refloctois,  holders,  and 
other  supplementary  fittings.  The  General  Electric  Company, 
Ltd.,  Queen  Victoria  Street,  London,  E.C.,  illustrated  j)ri co- 
list  of  half-watt  lamps  for  exterior  and  interior  lighting.  Nevilles, 
Ltd.,  James  Street,  Liverpool,  illustrated  pamphlet  descriptive 
of  universal  angle  bending  machine  for  angle  sections  or  tubes. 
Messrs.  Fredk.  Mountford,  Ltd.,  of  Fremo  Works,  (iranville 
Street,  Birmingham,  a  comprehensive  list  of  their  speciali- 
ties, including  light  portable  loose  tool  stands,  taper  pins, 
cotters,  bolts,  nuts,  and  engine,  machinery,  and  dynamo  oils. 
The  firm  specialise  in  quite  a  number  of  directions,  and  、vi，l  be 
pleased  to  forward  their  list  to  any  of  our  readers  on  applica- 
tion. 

Launch  of  a  Large  Oil-tank  Steamer. ― There  was  launched  on  the  12th 
inst.  from  the  Jar  row  shipyard  of  the  Palniei'  Shipbuilding  and 
Iron  Company,  Ltd.,  the  oil-tank  steamer  "  San  Melito,"  one  of 
the  10  large  vessels  constructed  to  the  order  of  the  Eagle  Oil  Trans- 
port Company,  Ltd.,  of  London .  The  vessel  has  an  over  all  length 
of  nearly  550ft.,  and  will  carry  a  total  deadweight  of  15,000  tons. 
She  has  been  constructed  on  the  Isherwood  system  of  longitudinal 
framing,  and  under  Lloyd's  special  survey  foi*  the  carriage  of  oil 
in  bulk.  The  oil  is  carried  in  12  main  compartments,  and  a  special 
expansion  trunk  is  provided  between  the  main  and  upp(、r  decks, 
and  extends  for  the  full  length  of  the  oil  compartments.  The 
！) oilers  are  arranged  for  burning  oil,  the  necessary  supply  of  liquid 
fuel  being  carried  in  a  large  cross-bunker  aft,  a  deep  tank  foru  ai-d, 
and  at  the  sides  of  the  main  expansion  trunk  in  order  to  facilitate 
the  trim  of  the  vessel  as  fuel  is  consumed.  The  ventilation  through- 
out is  mechanical,  and  special  arrangements  are  made  to  t、Ti、mv 
safety  in  connection  with  tho  oil-burninji  aDparatus.  Tho  v.  sst  l 
is  primarily  intended  for  the  carriage  of  liquid  fuol,  but  benzine 
and  other  light  oil  can  be  carried  if  required.  Tho  Marconi  wire- 
less system  will  he  fitted  on  the  vessel.  The  machinery  has  also 
been  constructed  by  the  Palmer  Company,  and  comprises  a  set  of 
quadruple  expansion  engines,  balanced  on  tlio  Yarrow  Schlick  and 
Tweedy  system ,  stoam  for  which  is  suppliod  by  ionr  lai'^o  si n^lo- 
ended  boilers  arianged  for  lim'ning  )i(|itid  fuel  (、ii  the  Wallwid 


Hmv<l'"i  patent  system,  and  working  mi(，《'r  iOnt-(\ 山. "i  :• 
prossiHi*  ol'  2201  lis.  p,'r  sfjua n-  inch. 

Railway  Anomalies.— Al  Um-  >i(tin-  <,f  thr  l'",、ai  <  ,,,"111"、 叫, 山  on 
Railways,  held  in  London  on  tli«'  l.'Uli  inst.,  koiiu-  "it«'r«'、"ii"' 
.statistics  \v(>ro  given  Uy  Mr.  、、'.  ( 'u  n  n  i  ii^liam ,  '".  I>mit，'riii"ii,',  to 
provo  that  th<kro  was  givat  wasto  in  tin*  v\  ay  British  i  ailways  、、《••  •' 
inanaKod.  The  avora^o  train  load  of  passi'ws  was,  Ik*  k:" 丄 .'W 
against  79*95  for  the  rest  oi'  tl"'  world,  and,  taking  all  (la、、*  、 
includiTi^  excursions,  the  tart*  was  0  !)8rl.  j"'r  mil'',  u  liilst  for  tli,' 
rest  of  tho  world  it  was  0*72(1.  per  mile,  and  tiio  cost  ol'  ^oodn  and 
minerals  was  1-2.5(1.  p<»r  ton  per  mile,  against  O'78'l.  in  tl"»  n-st 
the  world.  He  <»stimaU>d  the  British  p' 山 lie  was  pjiyinu  C2M,.VK).fKKi 
a  year  more  than  the  rest  ot  the  world  tor  similar  w'rvic,'.  (Jiving 
instances  of  varying  rates,  he  said  that  if  ^oods  、、•','.  s«-nt  1 1 rxn 
Dunf(M*in!ino  to  London  or  Tilbm'.v  Dork  tor  sliiptiifiit  t  ht-  i  、、： '、 
40s.  per  ton,  but  if  tho  things  uont  to  Till,'iry  Town  tlic  rate  would 
he  70s.  per  ton.  Glasgmv,  wliich  w  as  30  niilcs  in-arcr,  had  to  pii  v 
a  rate  of  70s.  8(1.  against  40s.  for  D，uifc'，nl"if\  'Hi''  r; 山. )m  ti-l> 
tioni  (Urimshy  to  H tulclersheld  was  3os.  fid.  not  delivered.  I>nt  from 
(； rimshy  to  Bradford,  the  same  distance,  u  as  】9s.  2d  (i<'liv,'r''(l. 
TIic  mm 山 er  of  men  emplo\*(  d  in  (； rcat  Britain  per  milo  ni'  i.x  Ww  u  v 
was  20-03,  lJHgiiim  GiMinaiiy  1H  !)!»,  and  tor  tl.-  r.-st  ot  il..- 

world  11-12.  That  was  largely  due  to  tlicn'  Ix'in^  1 ,  IUM  <lir''(  ti'r、. 
4,000  cloarin^-lious*4  clerks,  and  1(),0(K)  canvasscis.  ('ontiimi'ig,  lie 
s;iid  that  the  nationalisation  of  tho  railways  would  cloar  tl"'  strwts 
of  competing  carriers,  would  reduce  tl"'  immU'r  ("  stations,  aixl 
would  enable  Ix'ttcr  wattes  to  I'"  paid  t o  tli"  "'、、,'r  nifii  c 


Electrolytic  Treatment  of  Lead  Poisoning. ~ At  a  recent  mf-r  in^' 
of  the  Royal  Society  of  P】dii 山 m'gh,  a  lecture  on  " The  Elpotrolvtif 
'Preatmont  of  Lend  Poisoning"  was  (h'liv«'rwl  by  Prof.  Sir  Tlmm;i、 
Oliver,  M.D.  Ho  pointed  out  that  wliilt*  the  number  of  notified 
cases  of  lead  poisoning  in  the  coiintiy  \\  as  diiiiitiisliin^,  there 
been  no  corresponding  decrease  in  tho  uiimhor  oi  deaths,  whir  li 
had  rather  increased.  In  vai  ioiKs  forms  lead  was  us*'d  in  over  1"2() 
trades,  and  the  subject  was  thoret'ore  important.  L«ja(l，  in  tho 
form  of  dust,  entoitnl  the  system  of  tht*  w orlvint'ii  hy  tl"'  sl;in,  the 
alimentary  canal,  and  the  respiratory  organs,  and  it、  effeots  、、<"•(、 
seen  on  the  blood  making  organs.  Paralysis  followed  and  some- 
times blindness.  The  lecturer  then  (explained  a  ihmv  method  of 
treatment  which  had  been  devisod  by  himself  and  Mr.  T.  Malthv 
(,lague，  known  as  the  double  electric  hath  treatment .  u hu  h  i、 
being  employed  with  remaikable  success  in  lead  works.  The  men 
immerse  their  feet  in  ； i  bath  of  water  in  which  is  fixotl  nn 
aluminium  grid.  The  hands  are  placod  iti  ii  similar  bath  also  con- 
taining an  aluminium  grid,  and  tho  current  from  an  H 
accumulator  is  turned  on.  The  effect  of  the  ciin-oiit  is  to  ionise 
tlie  load  in  the  tissues  of  the  persons  optM  atecl  on,  ami  tlms  to  dr  i vc 
it  from  one  pole  to  the  other,  with  the  result  that  pi'i、''，i、 
sufFtM'ing  from  lead  poisoning  show  no  signs  of  it  after  n  week  or 
two,  while  a  hath  onfe  or  twice  a  week  picventecl  tho  lead  settling 
in  the  system.  The  time  occupied  by  the  bath  is  n!>out  halt  an 
hour.  Its  efficacy  was  shown  l>y  experiments  u  liich  ti、e  1* 卞 tmvr 
coiuhioted  in  the  removal  oi  lead  from  animal  tivsiios.  and  iio  l 
succeeded  in  removing  from  the  spinal  cord  four  fifths  ol'  t h«*  t<»t :i I 
amount  of  lead  injectod. 


METAL  QUOTATIONS. 

TUESDAY,   MARCH  17th. 

Aluminium  ingot    86/-  per  cwt. 

,,         wire,  according  to  sizes,  &c  from  1 12/-  ，, 

，，        sheets        „  „    „  112/ -  „ 

Antimony   £27/10/-  to  £29/10/-  per  ton. 

Brass,  rolled   7Jd.  per  U>. 

，,     tubes  (brazed)    0^d.  '， 

"       ,,     (solid  drawn)   SJd.  ,， 

,,       ,,      wire    7Jd.  ,, 

Copper,  Standard   £03/  ！ 2/(i  per  ton. 

Iron,  Cleveland   50/6  ，， 

，, Scotch   5fi/<i  ,, 

Lead,  English    £20〃》/-  ,, 

，， Foreign  (soft)    £20/-/- 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,,  ，,  ',       medium   3/6  to  *;/ 一  ,, 

，，  ，，  ，，       large   7/6  to  11/- " 

Quicksilver   £7/10/-  per  bottle 

Silver   2*»^d.  per  oz. 

Spelter    £21/了/"  per  ton. 

Tin,  block   £173/1">/- ,， 

Tin  plates.  I.C   13/-         per  box. 

Zinc  sheets  (Silesian)   £24/15/-  per  ton 

，，  (Stettin  ；  Vieille  Montagnel   £*2'>/2/*>  •， 


2S<) 


THE   MECHANICAL  ENGINEER. 


[March  20,  1914 


NEW  PATENTS. 

Specifications  of  the  follmcimj  an'  note  p"l"isht'(f，  and  ire  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  10<l..  Addn  ss 
tl  Mechanical  En{jin  err^  53,  New  Bailey  Street,  Man  chest  er. 

MECHANICAL,  1912. 

Storage  of  fuel  oil.    Jack.  19613. 

( "ivt'niing  of  iutwiia 卜 comlnistion  engines.    T)e  Rusctt.    19701 . 
Furnaces  of  steam  <>;onerators.    Cass.    23984 . 

I^ota  ry   internal  comlnistioii    tMi^ine.      Brick  noil,    Hricknoll,  and 


I  titenial-oombustion  motors.    Von  Ditmar.    27071  ■ 
CarljiiretttM-s  tor  internjil  coinbnstion  eiiginos.  15ro\vn, 

and  Harlow,  Ltd.  29440. 
M;» kin^  of  (、xpim 山、 d  motal.    C'hoss.  2948.r>. 

1913. 


Proctor.  42(iiJ. 
Scju"l)orouo;li.  4^47, 
•oniot ivo  and  otlit'r  steam  engiin  O' 


] 1  vdraulic  on<j 
\ on-roturn 
Slide-valves  f( 
4483. 

Chain-link  helts.    Spicer.  4489. 

C'lutfli  ni^ohanisnis,  applioablo  tor  varial)lo-speod  goariiig.  Harnos. 
4748. 

Catch  *iear  of  lifting  and  lowering  apparatus.    Walos.    -17 厂》 U. 
Adjustahlt1  spainuM's.     Fleck.  477'J. 

Steam  superheaters  for  locomotive  hoihu'S,    Gresley.  IS.'C. 
Cniistructidn  of  ^oav  wheels.    Brampton  &  Uichniond.  -ISSS. 
Metal  wheels.    Challiner.    4889  and  5398. 
M:umt.;"tiuv  ()t  artificial  tuel.    HIhihIkt^;.  4909. 
Locomotives.     Viilcan-AVeike    Hamlmr<>;    und    Stottin    Al".- "o's. 
4928. 

Pnoumatic  ojoctors.    Bowden-Sniith.  4947. 

Fuel  injection  devicos   tor   internal- coml 川 stion    oii*iinos.  C'ross. 
49.")0. 

Arnchiin1  tor  manntactui-c  oi   i'oiindrv  moulds.     ^1  ills  &  Ferrior. 
4988. 

Apparatus  for  tostin^;  ooiil  or  ores.    Hal)ets  &  France.  4{.)\)'2. 
d\ rhurotters  for  intornal  ooniltustion  engines.    Chouan.  5121. 
Uopoways.    Dojiald.  ")449. 

Detectors  of  conilmstihio  gases.    Philip  S:  Stcolo.  ">4(i7. 

Foundry  moulding  machines  for  pipes.    Ardolt.  o0i)4. 

Tu he  lieiiding  niacliiiu^s.    Rucksti nat .    (""21 . 

PiiciniKitic  jx'rcussiv*1  tools.    A rthni'.  (i*244. 

l'Vedino;  of  fuel  in  internal  oonit>ustion  on^inos.    JX oots.   G  177. 

Paraffin  vaporiser.    Bryant.  G")*28. 

Turho-conipressors  and  tiul)inos.    Cliurohill  Shann.  G09*J. 
Driving  Itelt.  Lycett. 
Turbine  plant.    Croft.  7(m. 

Elastic    fluid    tm'l""('s.     Warwick   ^racliinory   C'ompnny  (1908). 
7697. 

Li<|iii(]  fuol  for  internal conibustifm  on^inos.    Terry.     7807  und 
7808. 

Condensers  for  distilling  apparatus.    Ockol.  8110. 
Motor  vehicles.    Holland.  S'2'27. 

Moans  tor  operating  cliaiige- s】 "屮 （1  ^oai-iii^;.    Petorson.  8337. 
Coiiceiitratiii^  and  scpa rating  niacliincs    foi*   or*'s.      l^icha rdson. 
9048. 

Trunk  pistons.    SpiMicc.  10435. 

I.nlification  of  i n b'riial  rmiilmst lmi  motors,    ^rediii^cr.     1  . 
In^ot  moulds.    Hradford.  10821. 

Motor  c ylindeis.    Alle^emeine  Eloktricitats  Ges.  11084. 

Air  and  other  ii( 川十 x】>losive  gas  engines.    Howden  Smith.  11381. 

.M*4al  tnrnace.    Hall.  11843. 

\U)ck  or  coal  drilling  apparatus.    Bro、vn.  12686. 
Liquid- fuel  spraying  de\  ices.    H amill.  12707. 
Tlienno- ini'  py romt'try.    Paul.  12708. 

Tapor-tuniiji^;  attaclmnMits  for  capstan  and  automatic  lathes. 
、 Price.  14077. 

I?otary     rociprocatin<;     poppet-valves     i'or  ijitenialmnibustioii 

<Mi^incs.   ( 'u i     ii  A:  Tlimnas.  14.">84. 
Valves  of  iiit('ri"il  <  (»ml>iistio'i  en^inos.    Hiding.  】5】*29. 
Constant-pressiiif  intoiniil conihustion  <M)*riues.    Sclnnidt.     】 ' 1 '  1. 
Hcveising-valvt's  tor  furnaces.  1 0440. 

Process  ot  I'm  iiiiig  solid  fuel,  (ilas^ow.  1G9K)  and  1(>91 1. 
Smoke  con.suniin<;  fittings  for  furnaces.  Stirling.  1789.、. 
('iirl)urettin^  appjii-atiis   tor    internal  combustion   engines.  Lynn 

and  Vieira.  18162. 
Vapour  or  steam  condenser.    List.  18588. 

Propelling  and  steering  mechanism    for    vessels.  Storkomanii. 
18803. 

Wreiiclies.    Dickinson.  19168. 

Sloans  for  the  distant  control  of  valves.  Shaw.  19507. 
Variahle-speod  and  reversing     、； iririg.    Xottloton.    1900! . 


Pipo  joints.  KolhOior. 
-N'it  Un  k^.    Maxwell,  and  ^laxwoll  \nt  Lock  Company.  20777. 
Dry  ("v  soparators.    lionson.  2083】. 

Two  stroke-cycle  internal-comlmstion  on^inos.    List.  2120.1 
S:il*'t. 、-  appliance  for  lifts.    H.  AVay^ood  tV  Co.,  and  Carey.  21218. 
AppMratus  for  indiratin^  speed  and  ro^istoring  distance  of  ships. 

Star.  21241. 
Marine  cablew ays.     Miller.  21891. 
Cli^rk-feed  valve  for  marine  boilers.    Green.    22191 . 
Hall  hearings.    Salmson,  Canton,  &  Unn^  22991 
Furnace  grates.    Wado.  24164. 
】）is""i  rings.  C 、謂 &:  Banks.  2421o. 
(VMiti'il'u^al  blowers.    Homersham.  k2V2'A'A 

Fluid-aftuated    reciprociitin^;  lirantin^ham  Bran- 

tin^liam.  24442. 
Nut  locks.   LudAvick  &  Miller.  25186. 

hearings  for  radial  ； hi<1  axial  prossmv.    Siidorlnnd.  2'r27^. 
('"im'vt'rs  tor  use  in  coal  mines.    Bowman  &  Jackson.  2.")3(；7. 
•M*-talIiirKic<>!  tiirnncos.    WiFlinms.  l>(i'J18, 

Apparatus  i'or  iiijt 乂 'tiiig  fuol  into  fvlindris  ("  oil  p)]*/iiios.  Fi'pita". 
27134. 

Am" 、： il ing  V(\ssols.    Homer.    1*9302 . 


Appa i;itus  lor  1)0 
('、 tind'^rs  tor  iiit* 


1914. 

iiig  tuhos.  ]{ufkfstiiial. 
a] comhiistion  ('iigim's. 

ELECTRICAL,  1912. 


241. 

J  unkors. 


Wheat.  21485. 
'])hone  systtMiis.  T)( 


British  Tlmmsmi  Houston  Com pany.  and 
rriman.  26782. 

1913. 

Klt'ctnc  s\\  itclies.  British  Thomson-Houston  Companv,  and 
？ loath.  1599. 

Arc  liglit  carbons.    Ayrton.  1775. 

Automatic  electric  switch.    Bigge  &  Butt.  1927. 

rrclcp]iono  sv-stt'ms.  Automatic  T('lt'|"mnt>  Afnniifaoturinp;  Com- 
pany. 4499. 

St  :u.t  i  ii^;  switches     for     altornatin<i;-om  rent     induction  motors. 

Sicinons  Hrothors  Dynamo  Works,  Ltd.,  and  Rodgers.  4.">07. 
I^lcctric  ignition  systems  for*  interniil  combustion  enginos.  Kott**r 

ino;.  4o()8. 

S< 小' （  tiv"  t'loctrio  si^nallin^.    Hnriisoii  tSc  Jacobs.  4584. 
Section  insulators  toi'  mvrlioad  conduotoi's.     Ramsev  &  Ma  lev. 
49；!  1. 

I^lcctrically  ^overiHii^  sptunl  of  on^inos  at  so  a.    Ffthian.  ">70']. 
l':li'('tri('  insulators,    l^rowalski.  7.382. 
Endost'd  t'lwtric  s\\  itches.    Hope.  7918. 

Kli'rtric  contacts  and  switching  or  contacting  apparatus.  Son. 

Anon,  des  Etahlissoments  L.  Bleriot. 
'riaiismissiou  systems  for  electric  tele^i'aphs.    Thoni])Son .  9624. 
-、 1  *':m、    \ov    elcrtrica lly    indicating  or  counting  revolutions  of 

s!ia its.    SitMiHMis  B;'。s.  、('  Co.,  and  Hird.  12437. 
M  ii tt  i  polo  ignition  ni:w">t(>  w  itli  rotarv  iit'ld  magnet.  Nenieldt 

and  Kuhuke.  129o(>. 
Cooling  of  apparatus  Im ilt  in  connection  、vith  an  oloctric  motor. 

Akt.-Ges.  Brown.  Bmvi'i,  ot  l:i<310. 
l^loctrical  switches.     Lii iidhei'g  A:  Pogg.  14188. 

indiums  for  dviuunos.    Siemens    Bros.    Dvnaino    "Works,  Ltd. 

1 4880. 

Alagiiotic  separators.  Fried.  Krupp  Akt.-CJcs.  (.nisonwerk.    1  1  \'2i>. 
l^t^ula tint;  relay  devices.    ^1  aschinenfabi'ik  Oerlikon.  15060. 
C'lia r^in^;  iind  dischn r^in^;    of    electric;il    condenseis.  MHlt'rsh- 

Jarksnn.  1.3284. 
Varialilc  speed  d vuanios.    ffrooks  <t  Holt.  lo(>8(i. 
h]]e<  tio motors  tor  j^ortahle  drilling  macliines.    C'anipbell.  Ki428. 
Mciiiis  toi-  operatiiig  cltM-tricril  switclies.    Drysdale,  and  Displayer 

Conipany.  10(i()9. 
Trolley  ho;uls  for  overhead  traction  systems.    Underw ood.  1(;7U:). 
I':"、(  tri<*  <ilo\v-lamp.s.    Siemens  and  Halsko  Akt.-Ces.  17416. 
I'olvpliaso  alternating  current  coniniuta tin  motors.  Alexanderson. 
' 19.117. 

Selector  s\\  italics  tor  tcleplioue  systems.     Sterling  Telephone  and 

Kloctric  Company.  1!>.W. 
Uccoidi  11^;  <;alvano-inettirs.    I'anl  lira un      Co.    'JO 796. 
I'rocpss  (or  the  electrolytic  deposition  of  metals  from  solutions 

containing  same.    H,yl)inette.    2274 1. 
Electrolytic:  process  i'or  t'xtracting  (oppt'r  from  ores.  Hyltinotte. 

22745. 

Electrical  relays.    Siemens  Bros.  &  Co.  '221.)(\2. 
Tr;mstormers.    Siemens  ScHuckert^  orke  ("、s.    lM】 17. 
Electric  welding  apparatus.     You nt,    Finigan,    &  Brannanian. 
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Nomenclature  of  Non-ferrous  Alloys. 

It  will  be  remembered  that  in  the  early  part  of  1912  Dr.  W. 
Rosenhain  drew  attention  in  a  paper  before  the  Institute 
of  Metals  to  the  indefinite,  and  even  misleading,  character  of 
the  metals  designated  as  brass,  bronze,  gunmetal,  &c'.，  in  tlie 
engineering  trades.  These  cover  such  a  variety  of  alloys  aim 
differ  so  widely  in  chemical  composition  and  physical  pro- 
perties that  the  bare  use  of  these  names  results  not  only  in 
confusion  but  sometimes  in  serious  disputes.  When  the  above 
terms  were  first  introduced  they  did,  to  a  large  extent,  con- 
vey fairly  definite  meanings.  Brass,  for  instance,  was 
generally  understood  to  imply  an  alloy  consisting  ])rincipallv 
of  copper  and  zinc,  while  bronze  was  one  of  copper  and 
tin,  copper  being  the  princi]>al  ingredient  of  both. 
It  was  the  adulteration  of  bronze  alloys,  and  tlif 
clear  definition  by  Army  authorities  of  tlie  compositiou  of 
bronze  used  in  guns,  that  led  to  the  evolution  of  the  term 

gunmetal  ，，  as  a  specific  brouze  consisting  of  9  of  copper  and 
1  of  tin.  The  demands  of  mechanical  and  electrical  engineer- 
ing, and  the  greater  attention  given  to  the  study  of  non- 
ferrous  alloys  du ring  the  last  quarter  of  a  century,  combined 
with  commercial  considerations,  ha ve  resulted  in  the  produc- 
tion of  a  host  of  alloys  difTerin^  widelv  in  their  characteris- 
tics and  called  not  only  for  great  discMiiiiination  in  their  use 
but  for  descriptive  names  that  will  more  accuratel v  ilorril »c 
their  composition. 

The  simple  noinenclatu re  that  fonnerlv  ^ufHced  is  now  in- 
adequate. The  difficulty  is  to  design  names  which  shall  be 
simple  and  at  the  same  time  approximate  to  scientific  accuracy 
without  coming  into  violent  collision  with  the  terms  of  brass 
and  hionze,  、vli  it'll  have  ao(|uireil  a  woikslioj)  rvirreiifv 
through  loni;  usa^e,  ； iml  wliicli  it  would  he  verv  diflii'Mlt  to 
displace.  At  most  a  noineiulature  such  as  proposed  can  onlv 
express  composition  in  general  t^rnis,  as  the  constituents  even 
of  binary  alloys  permits  of  iinuunerahle  variations^  and  it 
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three  elements  are  involved  the  possible  variations  are  very 
great.  Exact  definition  is  easily  secured  in  any  case  by  stating 
the  proportions  of  each  element,  and  this  must  of  necessity 
be  the  language  of  specification  where  close  adherence  is 
required.  But  apart  from  this  descriptive  phraseology 
nowadays  calls  for  something  more  comprehensive  than 
" brass"  and  "bronze,"  which,  as  indicated,  have  almost 
ceased  to  possess  any  rational  meaning.  While  Dr.  Rosen - 
hain's  suggestions  met  with  general  approval,  it  was  felt 
that  the  subject  required  careful  consideration,  and  a  com- 
mittee was  eventually  appointed  by  the  Institute  consisting 
of  eight  members  of  the  Council,  along  with  representatives 
from  the  other  leading  engineering  institutions,  to  discuss 
the  whole  question.  The  first  report  was  presented  at  the 
meeting  held  last  week.  In  a  general  way  the  committee 
have  adopted  the  system  suggested  by  Dr.  Rosenhain,  and 
if  it,  is  a  little  cumbersome,  it  is  at  all  events  rational,  and 
if  adopted  by  writers  and  teachers  generally  who  deal  with 
.alloys,  will  doubtless  permeate  the  ranks  of  those  more 
intimately  concerned,  and  in  this  way  gradually  secure 
general  adoption.  The  scientific  basis  underlying  the  nomen- 
clature proposed  consists  in  denoting  any  alloy  by  the 
names  of  its  component  metals  placed  in  the  order  of  in- 
creasing numerical  importance  from  the  point  of  view  of 
chemical  composition  by  weight.  The  practical  application 
of  tlie  system  will  be  easily  understood  by  a  reference  to  the 
following  examples : — 

Composition  of  Alloy.  Proposed  Systematic  Name . 

Zinc  30%，  copper  70%   Zinc-copper 

Tin  10%,  copper  90%   Tin-copper 

Tin  1%，  zinc  29%,  copper  70%   Tin-zinc-copper 

Aluminium  8%,  copper  92%   Aluminium-copper 

Copper  3%，  aluminium  97%   Copper-aluminium 

Tin  32%,  lead  68%   Tin-lead 

While  this  system  is  simple  and  rational,  it  is  some- 
what clumsy  when  more  than  three  metals  are  con- 
cerned, and,  as  the  committee  point  out,  creates  difficulties 
if  impurities  are  present  in  notable  amount,  while  it  does 
not  differentiate  in  the  case  of  alloys  containing  two  metals 
in  equal  proportions.  It  is  proposed  to  overcome  these  objec- 
tions by  the  following  extensions  of  the  system  ：  Where  an 
alloy  consists  of  more  than  three  metals  the  systematic  name 
is  restricted  to  the  three  largest  constituents,  and 
the  presence  of  others  indicated  by  the  prefix  "comp"  or 
"complex,"  while  if  the  alloy  contains  an  intentionally 
added  element  which,  though  small  in  quantity,  imparts  a 
distinctive  character,  that  may  be  named  first.  As  an 
imaginary  example,  say  an  alloy  consists  of  aluminium  75， 
tin  15，  arsenic  4，  cobalt  3，  iron  2.75，  and  indium  0*25,  and 
assuming  the  special  qualities  clue  to  the  presence  of  the 
last-named  element,  the  alloy  would  be  denoted  as  "  indium 
complex  tin-aluminium."  The  name,  it  is  true,  is  】ong， 
but  it  is  an  extreme  case,  and  it  does  at  least  indicate 
that  tin  and  aluminium  are  the  main  ingredients,  though 
combined  with  other  metals,  and  that  indium  imparts 
special  properties.  This  alloy  might  be  characterised 
as  a  binary  one,  but  when  a  number  of  metals  are  concerned, 
and  the  diminishing  proportions  of  the  constituents  are  less 
pronounced,  it  might  be  difficult  to  say  whether  it  should 
rank  as  a  binary  or  a  ternary  alloy.  However,  such  cases 
would  be  rare,  and  usually  the  composition  of  such  a  complex 
alloy  would  be  exactly  defined.  As  regards  alloys  contain- 
ing two  or  more  metals  in  equal  or  nearly  equal  quantities, 
the  committee  suggest  that  the  names  of  the  metals  should 
be  placed  in  numerical  order  ；  but  unless  there  is  some  dis- 
tinguishing characteristic  it  would  be  liable  to  mislead,  since 


the  system  would  imply  that  the  second  name  was  that  of 
the  metal  present  in  largest  quantity.  This  difficulty 
might,  however,  be  overcome  by  connecting  the  two 
metals  with  a  sign  of  equality  instead  of  a  hyphen.  For 
instance,  a  copper-zinc  alloy  of  equal  proportions  could  be 
designated  as  "  copper  二  zinc，，，  or  if  three  metals  were  pre- 
sent in  equal  quantities,  say,  copper,  lead,  and  zinc,  it 
could  be  designated  as  "  copper  =  lead  =  zinc. J '  Although  tlie 
committee  so  far  deal  only  with  "brass"  and  "bronze,"  these 
are  the  most  widely  used  alloys  in  engineering  work,  and  the 
adoption  of  their  suggestions  would  do  much  to  remedy  the 
confusion  at  present  existing  through  the  careless  use  of  these 
names.  We  hope,  therefore,  their  efforts  will  be  supported. 
With  the  general  recognition  of  the  principles  proposed,  the 
evolution  of  practical  names  is  a  matter  for  further  considera- 
tion, and  we  shall  await  with  interest  tlie  issue  of  the  next 
report,  in  which  this  aspect  of  the  question  will  be  dealt  with. 


COMPARATIVE  ECONOMICS  OF  TRAMWAYS  AND  RAILLESS 
ELECTRIC  TRACTION. 

In  a  paper  on  this  subject  read  by  Mr.  T.  G.  Gribble, 
M.Inst.C.E.,  before  the  Institution  of  Civil  Engineers,  on 
Marcli  24th,  the  author  discussed  the  various  economic 
features  of  the  railless  electric  traction  system,  as  compared 
with  those  of  tramways,  with  a  view  to  the  definition  of  tlie 
sphere  of  usefulness  which  was  open  to  the  former.  The 
initiation  of  the  system  in  this  country,  in  contrast  with  the 
general  history  of  new  forms  of  transportation,  was  due,  not 
to  Government  aid  or  private  enterprise,  but  to  municipal 
tramway  committees.  It  was  pointed  out  that  the  Light 
Railways  Act  had  failed  to  effect  what  was  intended  by  it, 
and  in  contrast,  attention  was  drawn  to  the  immense  and 
profitable  development  of  light  railways  in  Belgium.  The 
necessity  for  the  further  utilisation  of  the  highways  was  urged, 
because  of  the  centralisation  and  congestion  of  population 
which  had  resulted  from  the  development  of  the  railway 
system .  The  distinctive  economic  features  of  tramways  and 
railless  electric  traction  were  defined,  and  an  analysis  was 
made  of  the  statistics  of  British  municipal  tramways,  both  as 
to  cost  of  construction  and  working  expenses.  Railless  electric 
traction  was  compared  with  the  tramway  as  to  carrying  power, 
capital  expenditure,  and  working  costs,  by  means  of  generali- 
sations deduced  from  the  above  statistics. 

The  author  drew  attention  to  the  great  variation  in  the 
cases  cited  of  the  cost  of  energy,  greater  than  could  be 
accounted  for  by  the  price  of  fuel.  Cases  were  added  of 
foreign  tramways  which  operated  with  trailer  cars.  An 
illustrated  description  was  given  of  tests  made  by  the  author 
of  current  consumption  on  an  electric  omnibus  propelled  by 
means  of  accumulators  on  London  streets,  also  of  tests  made 
on  a  railless  electric  car  at  Bradford.  The  general  conclusion 
arrived  at  was  that  it  required  no  more  current  to  carry  the 
passenger  by  railless  electric  traction  than  it  did  by  a 
tramway. 

The  following  are  the  general  conclusions  arrived  at:  (1) 
That  with  a  traffic  density  represented  by  a  2h  minute  service 
the  economy  of  construction  and  operation  was  still  in  favour 
of  railless  electric  traction  ；  as  to  cost  of  operation  by 
about  7  per  cent.,  and  as  to  cost  of  construction  by  about  44 
per  cent.  (2)  That  the  economy  increased  inversely  with  the 
traffic  density  ；  so  that  with  a  time  interval  of  30  minutes,  the 
economy  of  operation  was  about  36  per  cent.,  end  that  of 
cost  of  construction  about  70  per  cent.  Reference  was  made 
to  the  York  tramways,  the  most  recent  case  of  a  municipal 
tramway,  in  support  of  the  argument  that  an  even  more 
important  point  than  that  of  saving  of  expenditure  was  the 
possibility,  by  means  of  economic  transportation,  of  serving 
the  suburbs  and  the  rural  population.  It  was  argued  that  the 
tramway  at  York,  six  miles  in  length,  excellent  though  it  was, 
did  not  serve  all  the  suburbs,  and  that,  by  means  of  railless 
electric  traction,  for  the  same  capital  expenditure,  16  miles 
might  have  been  constructed  and  operated  ；  thus  completely 
reaching  the  extreme  suburbs,  and  incidentally  raising  tlie 
value  of  property  in  the  vicinity  of  the  city. 


March  27,  1914] 


THE    MECHANICAL  ENGINEER. 


THE  RUNNING  OF  OAS  ENGINES  AND  GAS  PRODUCERS^ 


TOOKEY,  M.I. 


In  tlie  present  paper  the  author  has  oonsulered  it  ； ul visaljle 
to  confine  his  attention  to  some  of  the  more  usual  defects 
prevalent  in  gas  engine  operation  that  have  conw.  uii(l("'  his 
notice.  A  usual  complaint,  in  connection  with  those  supplied 
with  town  gas  is  tliat  an  engine  is  alleged  to  work  uiisat  is 
factorily  on  account  of  dirty  gas,"  "  bad  gas,"  or  "  lack  of 
pressure."  Those  responsible  for  making  such  allegations 
seem  to  be  unaware  of  the  obligations  of  gas  companies  to 
distribute  gas  of  standard  quality  and  purity,  and  of  the 
continual  observations  taken  by  officials  of  various  public 
authorities  to  prove  that  the  standard  is  strictly  adhered  to. 
But  accepting,  for  the  sake  of  argument,  that  wide  variations 
in  gas  quality  do  occur  from  day  to  day,  it  is  difficult  to 
account  for  any  reasonable  complaint  on  t his  score  when  it  is 
remembered  that  one  and  the  same  engine  can  as  readily  deal 
with  town  gas  of  500  B.Th.U.  per  cubic  foot  as  with  producer 
gas  of  only  130  B.Th.U.  per  cubic  foot. 

As  with  (juality  of  gas,  so  witli  pressure.  One  and  the 
same  gas  engine  can  work  as  romfortably  with  town  gas  at 
a  pressure  of  3in.  of  water  column  above  atmospheric,  as  with 
suction  producer  gas  with  8in.  or  9in.  of  water  below  atmo- 
sphere. For  these  variations  the  attendant  knows  that  in 
the  one  case  he  has  to  adjust  his  gas  cock  to  be'  partially 
opened,  and  the  air  regulator  wide  open,  while  in  the  other 
he  has  to  put  the  gas  regulator  wide  open  and  the  air  baffle 
partially  closed .  By  means  of  indicator  diagrams,  these 
adjustments  can  be  readily  effected,  and,  even  when  no  indi- 
cator is  available,  it  is  a  simple  matter  to  obtain  proper 
mixture  proportions  and  efficient  working. 

When  investigating  complaints  the  author  has  found 
irregular  running  of  gas  engines  on  town  gas  to  be  partly, 
if  not  mainly,  due  to  the  gradual  increase  of  "  clearances  " 
between  valve  gear  rollers  and  cams,  or  blockage  of  exhaust 
connections.  In  one  instance  an  engine  had  been  gradually- 
getting  less  aud  less  powerful  until  the  force  of  the  impulses 
was  barely  sufficient  to  rotate  the  engine  without  load.  The 
engine  was  a  small  one,  and  therefore  had  little  margin  for 
loss  of  power.  Indicator  diagrams  showed  that  the  exhaust 
back  pressure  line  was  extremely  high,  and  upon  disconnect- 
ing the  exhaust  pipe  at  the  outlet  of  the  "  silencer,"  a  crust 
of  burnt  oil  forming  a  cake  which  almost  completely  blocked 
the  outlet  was  found.  When  this  was  removed  the  engine 
ran  satisfactorily.  Blockage  of  exhaust  pipes  is  not  at  all 
an  infrequent  experience.  Many  attendants  carefully  grind 
in  the  exhaust  valve  and  think  that  this  is  the  only  thing 
that  needs  their  attention.  Copious  lubrication —— and  very 
frequently  the  amount  is  needlessly  excessive — involves  some 
oil  vapour  passing  and  coagulating  in  the  exhaust  connec- 
tions and  in  places  where  some  constriction  occurs,  as  in  the 
outlet  from  an  exhaust  box  or  silencer,  or  between  the  inter- 
stices of  the  gravel  with  which  some  exhaust  boxes  are 
partially  filled.  Cases  have  occurred  where  it  has  become 
necessary  to  use  a  hammer  and  chisel  to  break  up  the  solid 
tnass  of  gravel  and  coagulated  oil  which  has  resulted  from 
the  accumulation  of  the  latter  through  many  years. 

Engines  in  residential  neighbourhoods  are  often  fitted  up 
with  special  devices  to  lessen  the  noise  of  the  exhaust  emis- 
sion. In  many  instances  a  series  of  exhaust  boxes  are  pro- 
vided for  this  purpose.  In  one  facloi-y  in  London  the  author 
found  as  many  as  five  boxes  used  for  this  purpose,  arranged 
with  double  bends  and  straight  connections  alternately,  as 
indicated  in  Fig.  1.  These  so  restricted  the  escape  that 
several  horse-power  was  required  to  force  the  gases  through 
the  silencers,  and  a  long  vertical  pipe  to  the  roof  of  the 
building.  The  engine  in  question  was  required  to  operate 
at  about  its  full  power,  and  it  was  resolved,  on  the  author's 
suggestion,  to  re-arrange  the  exhaust  pipe  by  removing  the 
series  of  boxes  to  the  roof,  leaving  only  the  long  vertical  pipe 
to  connect  these  with  the  engine  cylinder.  This  had  the 
desired  effect.  Those  who  plan  exliaust  piping  rarely  con- 
sider the  effect  of  lessening  the  velocity  of  the  exhaust  gases 
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close  to  the  engine.  The  pressure  at  which  the  gases  are  first 
expelled  from  the  cylinder  at  the  point  of  release  is  from 
3()lbs.  to  40lhs.  per  square  inch,  and  the  velocity  due  to 
such  pressure  should  be  taken  advantage  of,  to  overcome  tlie 
resistance  of  the  moving  column  of  gases  through  the  exhaust 
connections,  any  necessary  throttling  to  obviate  po、、iU'' 
nuisance  through  the  noise  of  <'mi  '.、i<m  at  the  final  pressure 
being  obtained  by  terminal  silencers. 

Another  common  defect  of  gas  engine  operation  is  due  to 
tlie  attendant  failing  to  clieck  over  tlie  valve  settings  from 
time  to  time,  and  especially  after  "overhauling."  Apart 
from  loss  of  power  due  to  improper  lobulation  of  ignition 
devices,  it  tnay  be  safely  alleged  that  diniinutiou  of  pow  -r 
developed  by  a  gas  engine  is  frequently  consequent  upon 
irregular  valve  settings.  【ii  many  cases-  the  Hetscrew  form- 
ing the  point  of  contact  between  the  valve  lever  and  tl"' 
exhaust  valve  spindle  either  receives  no  attention  at  all  or 
else  receives  too  much.  If  the  former,  the  gradual  wear  that 
takes  place  involves  contact  taking  place  later  and  "  coming 
away  ，，  earlier,  consequently  the  exhaust  valve  is  lifted  from 
its  seat  later  in  the  stroke,  and  comes  again  to  its  seat  before 
the  correct  time.  This  diminishes  the  duration  of  the  valve 
opening,  and  lias  a  tendency  to  unduly  bottle  up  exhaust 
gases  within  the  cylinder,  involving,  not  only  the  heating  up 
of  the  fresh  charge,  but  reducing  the  density  of  the  latter, 
and  therefore  reacting  upon  the  power  of  the  engine.  To 
maintain  proper  results  the  attendant  should  assure  himself 
from  time  to  time  that  the  contact  between  the  exhaust  valve 
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Fig.  l.— Arrangement  of  Exhaust  Boxes  Involving  Excessive  Back 
Pressure  when  Placed  Close  to  the  Engine. 

lever  roller  and  its  cam,  or  between  the  setscrew  and  the  end 
of  the  valve  spindle,  just  '  *  comes  away "  after  the  inner 
dead  centre  has  been  passed  by  the  connecting  rod. 

The  question  has  often  been  raised  by  attendants  whether 
the  lift  of  the  exhaust  valve  is  affected  by  valve  setting.  The 
answer  is,  Yes  ！  The  lift  of  the  valve  is  primarily  deter- 
mined by  the  contour  of  the  cam,  and,  secondarily,  by  the 
clearances.  As  the  nose  of  the  cam  is  worn  the  lift  gradually 
lessens,  but  unless  the  wear  is  considerable,  the  working  of 
the  engine  is  not  perceptibly  affected.  The  variation  of  the 
valve  settings  on  the  other  hand  decides  when  the  valve  opens 
and  closes,  and  excessive  clearance  diminishes  the  "  lift." 
As  a  general  rule,  5  per  cent,  either  way  of  the  correct  posi- 
tion for  the  valve  settings  does  not  materially  affect  the  work- 
ing of  the  engine.  In  passing,  it  may  be  mentioned  that 
loose  motion  through  wear  of  valve  fulcrum  pins  and  their 
bearings  is  sometimes  the  cause  of  defective  operation  or  loss 
of  power. 

The  mixture  valve  setting  is  somewhat  important,  for,  if 
this  be  "  timed  "  for  too  short  a  period,  the  volume  of  mix- 
ture admitted  is  seriously  curtailed.  In  horizontal,  single- 
cylinder  engines,  the  mixture  valve,  or  main  inlet  valve,  is 
given  a  lead  of  about  20°  of  the  crank  pin  circle  and  a 
lag  of  the  same  amount.  I  n  vertical  engines  and  others 
of  the  multi-cylinder  type  fed  from  the  same  induction 
pipe,  the  lead  is  frequently  reduced,  and  sometimes  is  a 
minus  quantity  ；  the  lag,  however,  is  retained,  as  it  is 
important  that  full  advantage  be  taken  of  the  inertia  of  the 
moving  column  of  gases  flowing  towards  the  valve  (luring 
charging,  thus  securing  better  filled  cylinders  than  could  be 
obtained  with  the  valve  closure  taking  place  at  or  about  the 
out-centre  of  the  crank.  For  the  latter  would  mean  that 
the  aperture  through  which  the  mixta  re  must  pass  the  valve 
would  be  practically  nil  during  the  final  portion  of  the 
charging  stroke,  and  would  create  such  a  resistance  as  would 
nullify  the  momentum  of  the  mixture  outside  the  cylinder. 
It  is  advisable,  therefore,  to  check  the  mixture  inlet  valve 
settings  from  time  to  time  to  ensure  the  maintenance  of 
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sullicieni  lag.  Tlie  opening  side  of  the  cam  operating  the 
、,il\r  miar  is  cumpai'atively  unimpotlant.  It  should,  never- 
tlidcss,  be  definitely  understood  that  too  ttiucIi  lag  is  undesir- 
able, as  although  the  valve  lift  in  its  later  stages  is  very 
slight,  yet  the  advancing  piston  into  the  cylinder  sliould  be 
given  no  chance  of  pushing  out  any  of  tlie  charge  alrnn] v 
admitted. 

The  effect  of  wear  on  contact  points  in  producing  shorter 
periods  of  valve  operation  is  not  so  serious  Avith  either 
exhaust  or  inlet  valves  as  upcm  ignition  or  timing  valves  fitted 
with  "  hot  tube  ，，  devices.  Grinding  of  the  valves  upon 
their  seat  tends  to  lengthen  the  valve  spindle,  and  when 
ignition  valve  grinding  is  done  with  more  zeal  than  dis- 
cretion the  contact  of  operating  details  will  take  place  sooner, 
and  continue  for  a  longer  period,  thus  resulting  in  later 
ignition  and  loss  of  power.  On  the  other  hand,  substitution 
ol'  one  "timing  valve  and  spindle  combined  ,}  by  another 
having  a  slightly  different  overall  length ― shorter,  for 
example ― will  delay  the  time  of  contact  and  advance  the  time 
of  release,  again  affecting  the  firing  of  the  charge.  Similarly, 
we  a  r  of  the  timing  valve  cam  will  involve  shorter  lift  of  the 
valve,  while  the  wear  of  the  lever  roller  increases  the  clear- 
ance between  contacts  and  again  affects  ths  firing  point.  Any 
lost  motion  in  the  ignition  mechanism  is  serious,  and  must 
be  put  right  to  secure  reliable  running  under  full  loads.  The 
proper  timing  of  ignition  is  one  of  the  most  important  details 
of  gas  engine  operation.  The  author  has  found  that  a 
number  of  engines  operate  under  conditions  verging  upon 
wliat  is  known  as  pre-ignition,  mainly  through  the  lack  of 
adequate  means  for  adjusting  the  time  of  firing  to  suit 
the  particular  strength  of  mixture  with  which  the  engine 
works.  During  recent  years  the  author  has  conducted  a 
series  of  tests  upon  engines  working  with  town  gas  through- 
out  the  London  area,  and  in  each  case  the  strength  of  mix 
lure  with  which  the  engine  was  supplied  has  been  particu- 
larly noted.  Speaking  generally,  it  may  l)e  said  that  it  is  of 
the  utmost  importance  that,  according  to  the  strength  of 
the  mixture  used,  so  the  ignition  timing  must  be  suitably 
adjusted.  Weak  charges  of  the  order  of  35  B.Th.U.  per  cubic 
foot  of  mixture  present  in  the  total  cylinder  volume  require 
the  ignition  timing  to  be  advanced  to  a  greater  amount  than 
when  the  normal  or  "  rated  "  outputs  demand  mean  pres- 
sures of  901bs.  to  961bs.  per  square  inch,  with  mixture 
strengths  of  45  B.Th.U.  To  obtain  best  efficiency  with 
some  ignition  valve  settings,  it  has  been  found  necessary  to 
increase  the  mixture  strengths  to  50  B.Th.U.  per  cubic  foot, 
or  thereabouts,  pointing  to  the  fart  tliat  mixture  strength  and 
ignition  timing  go  liaud  in  hand.  With  other  and  earlier 
ignition  settings  it  has  been  found  impossible  to  use  mixture 
strengths  greater  than,  say,  40  B.Th.U.  per  cubic  foot, 
because  of  the  violent  bumping  that  ensues.  Mention  may 
here  be  made  of,  the  "  blowing  by  "  tliat  usually  accompanies 
early  firing.  In  not  a  few  instances  the  amount  of  oil 
vajxjur  proceeding  from  the  mouth  of  the  engine  cylinder 
lias  been  pointed  out  by  the  attendant  as  an  indication  of  the 
necessity  of  a  new  liner  and  piston.  Without  saying  that  in 
every  case  the  liner  and  piston  were  in  good  condition,  it  can 
be  averred  with  truth  that  frequently  the  {<  blowing  by" 
is  simply  the  result  of  early  ignition.  The  strong  mixtures 
necessary  to  give  impulses  sufficiently  powerful  to  deal  with 
the  load  under  which  the  engine  was  working,  involved  rapid 
inflammation  of  the  combustible  immediately  upon  the  opera- 
tion of  the  timing  valve,  so  that  flame  propagation  was  pro- 
ceeding whilst  the  piston  was  completing  the  compression 
stroke  and  the  crank  was  passing  its  inner  dead  centre. 
Under  such  circumstances  very  high  piston  temperatures 
are  reached,  and  it  is  not  surprising  that  under  these  cir- 
<  u instances  the  lubricating  oil  should  be  converted  into  oil 
vapour  and  be  ejected  from  the  sides  of  the  piston  in  clouds, 
which  might  reasonably  be  tlicught  to  be  gas  passing  the 
piston  and  its  rings.  Upon  one  occasion  the  author  was 
called  to  an  engine  that  had  been  fitted  with  a  new  liner 
and  piston,  and  respecting  wliicli  it  was  found  that  the 
latter  state  of  affairs  was  no  better  than  the  former.  Tt 
l>een  suggested  that  tlie  "  blowing  hy  ，，  was  explicable 
l)y  the  fact  that  the  new  rings  liaci  not  proj>erly  bedded  thein- 
yelves  in,  and  it  was  also  suggested  that  the  passing  of  the 


gas  would  be  lessened  as  time  went  on.  Svich,  however, 
was  found  not  to  be  the  case.  In  tins  instance  it  was  proved 
that  the  "  blowing  by  ，  ，  was  entirely  obviated  by  the  proper 
setting  of  the  timing  valve  to  suit  the  mixture  strength 
used. 

丄 u  connection  with  an  installation  in  the  j»ei^lil)ourliood  of 
Manchester,  the  author  investigated  a  complaint  made  witli 
respect  to  two  throttle-governed  engines  working  on  to  one 
main  shaft,  from  which  three  dynamos  were  driven,  each  elec- 
trically connected  to  a  common  bus-bar.  It  was  found  tlial, 
at  irregular  intervals  during  the  day,  one  or  other  of  the  two 
engines,  with  puzzling  impartiality,  would  sufler  from  a  fit  of 
]>re-ignition,  not  serious  in  itself,  but  undoubtedly  annoying, 
for  it  necessitated  the  dropping  of  tlie  load  for  a  few  seconds 
until  the  engine  affected  had  been  able  to  clear  itself,  so  to 
speak,  by  tlie  introduction  and  expulsion  of  several  con* 
secutive  charges  of  cold  air  only.  Various  expedients  bad 
already  been  tried,  sucli  as  tlie  removal  of  the  exhaust  box 
to  tlie  end  of  tlie  ('omuv't ioiis，  to  obtain  better  scavenging  )>v 
natural  action  of  the  inertia  of  the  exhaust  gases.  Different 
settings  of  the  valves  had  been  made,  new  sparking  plugs 
tried,  and  the  suction  gas  plant,  to  whicli  tlie  engines  were 
connected,  was  thoroughly  overhauled  and  the  water  supply 
to  the  generator  restricted,  as  it  was  thought  possible  that 
an  undue  percentage  of  hydrogen  was  present  in  the  com- 
position of  the  gas.  None  of  these  experiments  were  success- 
ful in  preventing  the  recurrent  attacks  of  pre-ignition,  and 
finally  the  whole  trouble  was  proved  to  be  due  to  the  uiidnly 
early  setting  of  the  electric  ignition  device.  When  the  spark 
was  retarded  to  the  utmost  limit  provided  by  the  quadrant 
and  stop,  by  means  of  which  the  relative  position  of  the  mag- 
neto trip  block  was  controlled,  the  point  of  firing  was  still 
much  too  early  for  the  strength  of  the  mixture  used,  and 
that  this  was  the  true  cause  was  conclusively  demonstrated 
by  the  satisfactory  operation  of  both  engines  after  tlie  point 
of  firing  was  altered. 

The  rapidity  of  flame  propagation  throughout  the  mixture 
in  gas  engine  cylinders  is  greatly  intensified  by  the  tempera- 
ture of  the  charges  at  the  termination  of  the  compression 
stroke.  Naturally,  the  degree  of  compression  for  whicli  the 
engine  has  been  designed  largely  influences  the  tempera- 
ture of  the  compressed  charge,  and  occasionally  questions 
are  asked  as  to  the  most  suitable  compression  pressure.  It 
has  been  amply  proved  that  engines  with  moderately  high 
coinj)ression  pressures  give  high  thermal  efficiencies,  other 
tliintrs  being  equal.  Mean  pressures  of  the  order  of  901bs. 
to  951bs.  per  square  inch  can  only  be  utilised  in  gas  engine 
cylinders  when  intermission  of  "cut-out"  or  idle  strokes 
occur,  for  with  these  pressures  the  internal  temperatures 
resulting  from  combustion  of  the  charges  are  the  practical 
maximum  that  experience  has  taught  to  be  safe.  As  long  as 
the  maximum  temperature  does  not  exceed  the  limit  imposed 
by  the  practicable  mean  pressures  already  mentioned,  the 
author's  experience  seems  to  indicate  that  compression 
pressures  of  1501bs.  or  1601bs.  per  square  inch  with  town  gas 
can  be  utilised,  provided  that  adjustable  electric  ignition  is 
fitted  which  gives  facilitates  for  the  retardation  of  the  spark 
when  full  loads  are  being  carried.  On  the  other  hand,  not 
much  is  gained  in  the  usual  conditions  of  operation  by  carry- 
ing the  compression  pressure  beyond  lOOlbs.  or  1201bs.  per 
square  inch.  Under  test  conditions,  the  thermal  efficiencies 
with  1601bs.  compression  show  to  slight  advantage,  but,  as 
will  be  seen  from  the  chart,  Fig.  2,  the  advantage  is 
so  slight  that  it  is  doubtful  whether  the  greater  risk  of  tlie 
occurrence  of  higher  cylinder  temperatures  is  worth  while. 
This  chart  shows  the  actual  efficiencies  that  have  been 
obtained  from  a  number  of  engines  of  great  variety  outputs 
under  test  conditions,  as  reported  by  various  authorities 
during  the  last  30  years,  and  it  will  be  evident  that  the 
comparatively  slightly  higher  efficiency  obtained  by  increas- 
ing the  compression  pressure  from  1201bs.  to  1601bs.  is  almost 
negligible. 

Some  qualification  of  this  statement  is,  however,  desir- 
able in  respect,  of  the  modern  developments  of  ^as  engine 
|»r;ir"re，  and  j>articular] v  with  reference  to  the  improved 
methods  of  governing  by  the  abandonment  of  "hit  and  miss** 
devices  for  control  on  the  "  graduated  quantity  ，，  system.  In 
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BOOK  REVIEWS. 

Suspension  Bridges,  Arch  Ribs,  and  Cantilevers.     Jiv  William  II 
Burr,  Professor  of  Civil  Engineering,  Columbia  Uni- 
versity.    New  York  :    Jolui  Wiley  &  Sons  ；    London  ： 
Chapman  &  Hall.  9{in.  by  G]in.  ；  418  pp.  Price  19h.  net 

From  an  engineering  point  of  view  America  can  no  doulit 
be  considered  pre-eminent  in  bridge  conHtrtution,  and 
naturally  its  literature  on  tlie  subject  is  extensive.  It  ""m， 
a  prominent  feature  in  many  university  curriculum^  and  is 
expounded  by  many  able  men.  Like  the  subject  of  mechanics 
in  this  country,  however,  nearly  every  teacher  feels  it  incum- 
bent upon  him  to  write  a  book,  with  the  result  that  it  is 
difficult  to  single  out  particular  authors  for  special  praise, 
especially  as  the  mechanical  principles  involved  remain  pretty 
much  the  same.  There  is,  however,  in  bridge  construction  ample 
scope  for  variation  in  detail,  and  any  author  who  seeks  to 
work  out  particular  examples  can  readily  find  ample  material 
for  a  copious  volume.  The  one  under  notice,  as  the  author 
informs  us,  has  been  written  primarily  to  meet  his  needs  iu 
the  classroom,  and  it  is  from  this  point  of  view  rather  than 
that  of  the  bridge  constructor  one  must  jucjge  of  the 
manner  in  which  he  has  performed  his  task.  It  is  certainly 
not  lacking  in  detail  as  far  as  the  mathematics  are  concerned, 
but  however  valuable  this  may  be  to  students 
of  a  particular  course,  it  inevitably  takes  up  a  great 
deal  of  space,  and  correspondingly  restricts  the  breadth 
of  treatment  which  other  readers  might  prefer.  We  do  not 
wish  to  imply  that  the  book  is  lacking  in  thoroughness  as 
regards  the  portions  of  the  subject  treated  upon,  and  to 
many  students  the  author's  treatment  may  perliaps  be 
preferable.  We  think,  however,  the  value  of  the  work  would 
be  enhanced  if  the  index  were  more  thorough.  A  volume  of 
this  size  deserves  more  than  an  index  covering  2^  pages 
especially  when  one  considers  that  the  contents  occupies  about 
three  times  the  space.  The  price  strikes  us  as  being  stiff,  but 
the  work  emanates  from  America,  where  a  higher  standard  of 
remuneration  appears  to  attach  to  the  work  of  engineering 
authors  and  where,  if  we  may  judge  from  the  character  of  the 
printing  paper  used,  books  are  also  valued  according  to  their 
weight. 

Power  and  Power  Transmi"ion.  By  E.  W.  Kerr,  Professor  of 
Mechanical  Engineering,  Louisiana  State  University. 
New  York  ：  John  Wiley  &  Sous;  London  ：  Chapman  and 
Hall.    9^in.  by  6^in.  ；  319  pp.    Price  8s.  6d.  net. 

This  is  a  pretentious-looking  volume  with  very  little  in  it, 
and  may  be  summed  up  as  a  work  on  very  elementary 
mechanics  coupled  with  some  simple  general  descriptions  of 
boiler  and  engine  details.  It  is  unworthy  to  be  regarded  as 
a  text-book,  and  if  the  engineering  matter  here  incorporated 
may  be  taken  as  a  measure  of  the  standard  of  teaching  which 
passes  current  in  the  State  University  of  Louisiana  then  tlie 
standard  is  an  elementary  one.  The  matter  liere  presented 
certainly  does  not  in  our  opinion  deserve  the  expenditure  of 
21bs.  4ozs.  of  paper,  and  binding. 

*    *  * 

Working  Drawings  of  Mach  ncry.     By   Walter  H.  James  an«l 
M.  C.  Mackenzie,  Instructors  in  the  Massachusetts  Insti- 
tute of  Technology.     New  York  ：  John  Wiley  &  Sons  ； 
London  ：  Chapman  &  Hall.     9jin.  by  6Jin.  ；    144  pp 
Price  8s.  6d.  net. 

This  volume,  like  the  one  just  noticed,  is  a  piece  of  pre- 
tentious hookmaking,  and  after  glancing  through  its  pages— - 
we  are  amazed  that  it  should  be  put  forward  as  a  text-book  or 
endowed  with  the  title  appended  to  it.  To  call  such  elenientarv 
sketches  as  are  given  "  working  drawings  of  machinerv  "  is  an 
exaggeration.  There  are,  it  is  true,  four  or  five  folding  plates 
giving  particulars  of  such  details  as  the  flange  of  a  pipe,  and 
one  or  two  lathe  chucks,  but  these  might  just  as  well  have 
been  given  in  the  reading  pages,  and  with  the  exception  of 
these  the  remaining  tlra wings  are  most  elementary.  We  have 
no  hesitation  in  saying  that  much  better  text-books  on  th*» 
subject  of  machine  construction  and  mechanical  drawing  ar^ 
available  to  English  readers  at  one-fourth  the  price. 


Fig.  2. 

Z  =  Increasing  efficiency  with  increasing  compression  j; ro.-  sure,  due,  hv 
rea.S( m  of  r(Mlu('ti<m  in  clearance  volume,  to  lesser  total  quantity  ni 
heat  required  to  maintain  equivalent  mixture-strength. 

Y=Air  stamlard  efficiencii's  on  basis  of  constant  specific  heat  (Inst.  ( R. 
Committee,  1905). 

X= Clerk's  corrected  efficiencit'S  on  basis  of  varving  spt'riHc  heat  (Junior 
Inst.  E.，  Canet  Lecture,  1913). 

T=Tookey，s  curve  of  practical  efficiencies  (Z  ;•  X=T). 

The  circles  and  dotted  continuation  of  curve  T  show  t  he  actual  efficien- 
cies obtained  by  various  experimenters  during  thirty  years  (1881 
to  1911),  as  accompanying  Table  A,  and  their  close  agreement  with 
Tookey's  curve. 
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tain  regular  firing  of  tlie  attenuated  "light  load  "  charges. 
Experience  has  sliown  that  the  maximum  compression  pres- 
sure of  from  1201hs.  to  1501bs.  per  square  inch  accords  with 
good  practice. 

(To  be  continuccL) 


Special  Alloy  Steels.  一 At  a  meeting  of  the  Institution  ,)' 
Mechanical  Engineers  held  on  the  20th  inst.?  at  Storey's  Gate, 
London,  the  president,  Sir  H.  F.  Donaldson,  in  tlie  chair, 
Prof.  J.  O.  Arnold,  of  Sheffield  University,  and  Prof.  A.  A. 
Read,  of  Cardiff  University  College,  contributed  the  result  of 
their  joint  research  upon  the  "  Chemical  and  Mechanical 
Relations  of  Iron,  Tungsten,  and  Carbon,  and  ot'  Iron,  Nickel, 
and  Carbon." 


the  latter  tlie  position  of  the  throttle  controlled  by  tl"' 
governor  reduces  the  volume  of  the  mixture  admitted,  so 
that  the  cylinder  is  filled  with  a  less  dense  mixture  as  the 
speed  of  the  engine  tends  to  increase.  Tlie  vai-iat  ion  of 
compression  pressure  as  a  direct  coiiseciuence  ol'  this  m('tlm(l 
of  control  renders  it  obligatory  for  the  designer  to  provide 
for  such  maximum  press u re  with  a  full  charge  that,  at  tlie 
lighter  loads,  the  reduced  compression  pressure  will  still  he 
sufficient,  not  only  to  give  fair  economy,  but  also  to  main  - 
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INTERNAL-COMBUSTION  LOCOMOTIVE. 

In  locomotives  of  the  type  which  are  driven  by  internal- 
rouibustion  engines  it  has  been  proposed  to  transmit  the 
power  to  the  driving  wheels  by  means  of  hydraulic  gears, 
thereby  eliminating  the  disadvantages  attendant  on  the  use 
of  toothed  wheels  or  chains.  The  interposition  of  a  hydraulic 
transmission  enables  the  engine  to  be  put  in  any  position, 
and  to  alter  with  safety  and  rapidity  the  driving  direction 
aiul  speed  of  the  locomotive  without  altering  in  the  least  the 
direction  of  rotation  and  number  of  revolutions  of  the  engine. 


FIG.  3. 


fig  2 


The  Hccompanying  illustrations  show  diagrHiiimaiically  a :i 
arrangement  of  a  locomotive,  the  invention  of  the  Vulcan 
Works,  Hamburg,  in  which  the  power  of  the  engine  is  t'i'ai's- 
milted  to  the  wheel  axles  by  the  interposition  of  a  hydraulic 
gear  of  the  Fottinger  type.  Fig.  1  is  an  end  elevation,  Fig.  2 
is  a  front  elevation,  and  Fig.  3  shows  a  special  coupling  of 
the  hydraulic  gearing  with  the  driving  wheels.  The  arrange 
meni  illustrated  shows  shafts  parallel  to  t  he  axles  of  the 
locomotive,  but  tliese  shafts  can  be  at  right  angles  to  the 
l;it"T.  The  number,  arrangentont,  and  coupling  of  Mh- 
cylinders  can  also  be  varied  as  desired.  The  Fottinger 
hydraulic  gearing  S  is  arranged  between  tlie  coupled  driving 
wheels  R  and  is  coupled  with  the  latter,  as  shown  iu  Fig.  3. 
The  cylinders  T，  one  set  of  which  niav  be  vertical  and  another 
set'  horizontal,  operate  as  shown,  on  botli  crank  shafts  U, 
、vliidi  are  parallel  to  the  driving  axles.  Tlie  masses  of  ihv 
driving  parts  of  eacli  of  the  vertical  and  horizontal  engine 
sets,  which  both  act  upon  one  engine  shaft,  are  balanced  witli 
rf^ard  to  each  otlier,  whilst  the  masses  of  the  driving  parts 
of  all  the  internal -combustion  engines  acting  upon  the  driving 
axle  are  so  arranged  and  dimensioned  that  they  are  wholly 
balanced.  Tlie  internal-rombustiou  engines  can  therefore 
work  either  on  a  single  shaft  or  directly  on  the  liydrodynaniic 
\;rri  ring.  Tlit  iwo  shafts  U  are  either  separately  connected  with 
tlie  liydrodynaniic  gearing  by  means  of  angularly  arranged 
connecting  rods  (Fig.  1)  or  both  coupled  and  one  of  them 
comiected  to  the  gearing.  The  cooling  and  air  pump  cylinders 
V  may  be  arranged  on  the  common  gear  shaft  and  may  be 
driven  through  the  main  internal-combustion  engine  as  illus- 
trated in  Fig.  2.  The  cooling  and  air  pump  cylinders  may, 
however,  be  driven  from  a  special  shaft  other  than  the  driving 
shaft  of  the  main  internal-combustion  engine,  the  motor  and 
shaft  for  this  purpose  being  mounted  at  a  suitable  place  in 
the  locomotive.  The  engine  cylinders  may  be  arranged  in 
several  different  ways.  For  instance,  several  sets  of  internal- 
roinbustion  engines,  each  with  its  Fottinger  gear,  can  be 
arranged  one  behind  the  other.  The  variation  of  speed  and 
direction  of  a  locomotive  embodying  the  present  invention 
should  always  be  effected  by  means  of  the  hydraulic  gearing. 
But  should  certain  working  conditions  cause  it  to  appear 
advantageous  the  variation  can  be  effected  direct  from  the 
engine,  or  from  the  combined  engine  and  hydraulic  gearing, 
l)y  reversil)ly  constructing  the  engine  and  employing  the 
hydraulic  gearing  to  solely  regulate  the  driving  speed. 


BRONZE.* 

HY  JOHN  DEW KANCE. 

Tht:  dict  ionary  meaning  of  the  word  "  bronze  ，，  is  a  compound 
or  alloy  of  from  2  to  20  parts  of  copper  to  1  of  tin,  to  wliich 
other  metallic  substances  are  sometimes  added,  especially 
zinc.  In  times  past,  the  gradually  increasing  additions  of 
zinc  and  lead  discredited  the  name  of  bronze.  In  the  manu- 
facture of  guns  it  was  found  that  the  best  results  were 
obtained  by  an  alloy  of  9  parts  of  copper  and  1  part  of  tin. 
This  became  the  standard  material  for  the  manufacture  of 
guns  for  many  years.  To  distinguish  this  alloy  from  the 
inferior  mixtures  that  had  previously  been  supplied  under  tlie 
name  of  bronze,  the  description  gun-metal  was  introduced . 
As  time  went  on  the  new  name  gun-metal  was  no  more 
respected  than  the  old  one  of  bronze,  and  at  the  present  time 
any  alloy  that  does  not  come  under  the  description  of  pot 
metal  or  brass  is  called  gun-irietal.  As  guns  are  now  uni- 
versally made  of  steel,  it  seems  desirable  to  return  to  the 
dictionary  description  and  to  call  all  alloys  mainly  composed 
of  copper  and  tin  '  bronze." 

To  the  previously-mentioned  alloy  of  90  per  cent .  copper 
a  ltd  10  per  cent,  tin,  it  is  very  largely  tlie  practice  to  add 
2  per  cent,  of  zinc,  making  88  per  cent,  copper,  10  per  cent, 
tin,  and  2  per  cent.  zinc.  When  tested  at  atmospheric  tem- 
perature this  alloy  gives  very  excellent  results.  As  a  great 
deal  of  bronze  is  used  at  the  temperature  of  liigh-pressure 
steam  it  becomes  important  to  investigate  its  behaviour  at 
temperatures  that  correspond. 

The  tests,  the  results  of  which  are  given  in  Figs.  1  to  4, 
. were  conducted  for  the  author  by  Mr.  R.  H.  Harry  Stanger. 
The  heating  apparatus  was  an  air-tiglit  tube  boiler  heated 
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1  >y  gas  from  a  ring  burner.  The  specimen  was  lield  in  screwed 
jaws  in  the  centre,  both  end  jaws  being  insulated,  and  t  li^ 
boiler  was  also  coated  with  asbestos.  The  testing  machine 
being  a  50-ton  vertical  Buckton,  the  weight  of  the  apparatus 
is  carried  on  the  bottom  headstock  ；  the  top  end  of  the  speci- 
men was  held  in  a  plunger  which  enters  tlie  top  of  the  heating 
apparatus  through  a  broad  guide  with  a  sliding  fit.  Both 
ends  of  the  apparatus  are  held  in  the  headstocks  by  means  of 
spherical  holders,  thus  allowing  the  whole  to  find  its  true 
vertical  axis.  As  the  specimen  is  entirely  enclosed  during  the 
test,  some  outside  means  have  to  be  adopted  for  ascertaining 
the  yield  point,  if  any  ；  the  two  ends  of  the  heating  apparatus 
were  connected  to  a  Wickstead  hydrographic  recorder,  taking 
the  base  line  with  the  beam  floating  immediately  before 
applying  the  load  after  the  specimen  has  attained  the  neces- 
sary temperature. 

An  experimental  specimen  was  drilled  with  holes  in 
different  positions  along  the  parallel  length,  and  the  bulb  of 
a  thermometer  was  inserted  in  the  various  positions.  This 
thermometer  was  found  to  agree  very  closely  with  another 
thermometer  that  recorded  the  temperature  in  the  air 
chamber,  and  it  was  therefore  inferred  that  the  readings  of 
the  thermometer  in  the  air  chamber  gave  correct  readings  of 
the  temperature  of  the  specimen.  The  percentages  of  elonga- 
tion were  given  by  the  Wickstead  recorder,  and  are  stated 
throughout  as  the  percentage  on  2in.    Tlie  copper  employed 
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Fig.  4.— Tkstkd  at  "jOU^  Fah. 

the  slight  difference  clue  to  that  particular  coin  posit  ion  of 
alloy  tested. 

If  it  is  accepted  that  \  per  cent .  of  lead  raises  the  maxi- 
mum stress  at  500°  Fall,  from  9" 75  tons  to  16*5  tons,  that 
proportion  of  lead  becomes  an  essential  in^rt'dit'nt  iu  bronze, 
that  is,  subjected  to  temperatures  above  :;、（）  Kali.  It  also 
becomes  necessary  to  enquire  whether  any  further  advantage 
can  be  gained  by  adding  a  larger  proportion  of  lead .  Figs.  3 
and  4  show  that  this  is  not  the  case  ；  but  it  is  surprising  that 
with  so  large  a  proj)ortio»i  as  16  per  cent,  of  lead  the  niaxi- 
nium  stress  at  500。  Fall,  is  Yl\  tons,  as  against  9  o  tons 
without  any  lead .  In  making  these  experiments  the  lead  was 
added  at  the  expense  of  tlie  ropper.  So  the  last  result  、voul'i 
he  72  per  cent,  copper,  10  per  cent,  tin,  'J  per  cent,  zinc, 
16  per  cent .  lead. 


in  these  tests  was  that  which  is  known  on  1  lie  market  as 
" Best  Selected/'  which  lias  an  average  analysis  as  follows  ： 

Per  cent . 

Copper    99*55 

Nickel    001 

Arsenic    002G 

Lead    0'08 

Bismuth    0004 

The  tin  and  zinc  were  the  best  commercial  quality.  I  n 
tlie  li rst  tests  made  88  parts  of  copper  were  melted  in  a 
crucible,  2  of  zinc  were  added  as  soon  as  the  copper  was 
melted  and  allowed  a  short  time  to  flux  the  metal,  10  of  tin 
were  then  added,  the  whole  mas?  stirred,  and  the  test  pieces 
poured  at  as  near  the  same  heat  as  could  be  judged  hy  a 
careful  moulder.  The  black  line  on  Fig.  1  shows  that  at 
at  nios|)lieric  temperature  the  88  copper,  10  tin,  and  2  z'ww 
alloy  lias  a  maximum  stress  of  16*35  tons  per  square  iiirli， 
and  ilie  black  line  on  diagram,  Fig.  2,  shows  an  elongation  of 
11  per  cent,,  on  *2in.  At  400°  Fall .  it  has  a  maximum  st  ress 
of  9*5  tons,  and  an  elongation  of  only  1  per  cent.  At  700°  it 
lias  a  maximum  stress  of  7  tons,  and  an  elongation  of  0'25 
per  cent. 

Tlie  first  series  of  tests  undertaken  was  that  between  400° 
and  700°  Fall. ,  and  the  results  were  so  unexpected  that  it  was 
thought  advisable  to  re-test  some  of  the  broken  samples  in  the 
cold  state,  to  ascertain  if  the  fault  was  in  the  casting  of  the 
test  pieces.  For  this  purpose  samples  which  had  failed  at 
400°  Fall,  and  500°  Fall,  were   turned    down  and  suitably 
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niouiited,  and  when  re-tested  at  atmospheric  temperature 
gave  a  breaking  stress  near  18  tons  per  square  inch.  Further 
samples  in  this  same  mixture  were  then  prepared  and  tested 
at  temperatures  between  atmospheric  and  400°  Fall.,  and  the 
results,  embodied  on  the  diagram  Fig.  1，  show  very  clearly 
that  the  metal  begins  to  lose  its  strength  above  350°  Fah. 
Prof.  Huntington,  in  a  paper"x"  read  before  the  Institute  in 
1912,  gives  among  other  alloys  particulars  of  an  alloy  of 
copper  97*673  and  tin  2*408  tested  cold,  and  at  temperatures 
up  to  870°  Fah.  Having  regard  to  the  small  proportion  of 
tin,  these  results  are  consistent  with  the  results  given  above. 

In  the  next  tests  made  87i  parts  of  copper  were  melted 
in  a  new  crucible,  2  of  zinc  were  added  as  soon  as  the  copper 
was  melted,  and  allowed  a  short  time  to  flux  the  metal  ；  10  of 
tin  and  \  of  lead  were  then  added  together,  and  the  whole 
mass  stirred.  It  will  be  observed  that  the  only  difference 
between  this  and  the  previous  experiments  is  the  addition  of 
\  per  cent,  of  lead  at  the  expense  of  the  copper.  The  dotted 
line  in  Fig.  1  shows  that  at  the  atmospheric  temperature  the 
maxinuim  stress  is  16*5  tons  per  square  inch,  and  the  dotted 
line  on  Fig.  2  the  elongation  8  per  cent.  At  550°  Fah.  it  has 
a  maximum  stress  of  15*8  tons,  and  an  elongation  of  18  per 
cent.  At  700°  it  has  a  maximum  stress  of  8*25  tons,  and  an 
elongation  of  2  per  cent.    Tlie  breaking  stress  of  11  "25  tons 


per  square  inch  at  ()0( )  Kali .  is  an  nvcvn^*-  Sn  ； n-t  ual  simpl': 
broke  at  this  stresH.  It  was  found  t  hat  sonu»  sam|)l«〜  t«'、''  'l 
at  this  temperature  gave  results  in  the  region  of  1G  ton  |"'r 
s(jii;i re  inch,  aiuJ  ot  Ikms  7  tons  per  square  inch .  From  tlu- 
may  be  coix  hided  that  600°  is  tlie  critical  temperature  of 
this  alloy. 

In  a  pajjet*  read  before  the  Iiiiertiational  A»so<:iatioi)  lor 
Testing  Materials  at  the  seventh  Congress  in  New  York,  1  ！ J I  'J . 
by  J.  M.  Bre^owsky  and  L.  VV.  Spring,  of  the  Lahoral orv  ol' 
tlie  Crane  Corn]>anv,  Cliii-a^o,  t  ho  results  a  r*»  *mi  n\  t''  t 
among  others  of  a  material  called  U.S.  Navv  Gu'i  Br'""'' (；, 
which  has  a  (om position  of  87  6  per  cent,  copper,  10*4  pei 
cent,  tin,  131  per  cent,  zinc,  0  39  per  cent,  lead ― it  is  aUo 
stated  to  contain  011  per  cent,  iron  ；  hut  it  is  prohahlc*  t  hat 
the  iron  content  given  is  due  to  using  a  file  for  proparin^  the 
sample  for  analysis,  as  sudi  an  allov  ou^lit  not   to  routaiti 
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sucli  a  pro{)ortion  of  iron.      The  chart   oi  t  he  test  oi  1  Iih 
metal  at  first  sight  appears  inconsistent  wit  li  t  lie  results  '_'r  ''!、 
in  this   paper  ；    but  this  is  due  to  the  fact  that  the  testy 
made  were  not  sufficiently  munerous.     Tlie  lirst  t  r>i  appc;)  i  s 
to  be  at  about  80°  Fall.,  and  gives  a  maximum  stress  of  15 
tons,  and  elongation  of  9  per  cent.  ；    tlie  serond  test   is  ；  t 
300°  Fah.,  and  gives  a  slightly  increased  maxiinum  stress  of 
16^,  tons,  and  elongation  of  9  5  per  cent.     The  next  t' -、，  i 
at  450°  Fah.,  and  gives  a  maximum  stress  of  14  +  7:)  tuns.  ； 
elongation  of  8  per  cent.     There  is  not  anot hor  tf'M   un'  li 
600°  Fah.,  at  which  temperature  the  maximum  stress  is 
as  10  tons,  and  the  elongation  as  4  per  cent.    As  previously 
Mieiitioned,  600°  Fah.  is  the  critical  point,  and  it  is  unt'or- 
t  unate  that  there  is  such  a  wide  gap  of  temperature  bet  ween 
t his    test    and    the  previous  ones,  as  otherwise  the  results 
obtained  would  have  been  more  consistent  with  the  results 
given  in  this  paper,  and  might  have  given  information  as  to 
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In  making  the  foregoing  experiments  the  question  arose 
as  to  whether  any  of  the  results  were  due  to  the  absorption  of 
oxygen  from  the  atmosphere  by  the  alloy  when  in  a  molten 
condition.  It  is  difficult  to  determine  the  content  of  oxygen 
in  bronze,  so  the  following  experiments  were  conducted  with 
best  selected  copper  : — 

Experiment  Xo.  /.—A  new  lOOlbs.  plumbago  crucible 
was  taken.  As  soon  as  the  copper  was  sufficiently  hot  an 
ingot  was  cast,  and  the  rest  of  the  metal  was  returned  to  the 
fire  for  an  hour,  when  a  second  ingot  was  cast,  and  the  same 
thing  repeated  for  the  third  ingot.  There  were  thus  three 
ingots  cast  from  the  same  crucible  at  intervals  of  one  hour. 
On  analysis  the  oxygen  contents  of  the  three  were  as 
follows  : — 


Oxygen 
per  cent. 

( 'uprous  Oxide 
per  cent. 

No. 

0.032 

0-285 

No. 

0-272 

2-499 

No. 

3   

0-404 

3-605 

Experiment  No.  II. —— Two  new  plumbago  crucibles  con- 
taining lOOlbs.  of  best  selected  copper  were  taken,  and  ^lb. 
of  10  per  cent,  phosphor-copper  was  added  to  one,  and  0'6oz. 
aluminium  to  the  other,  as  deoxidisers.  The  copper  was 
covered  with  glass,  so  that  when  molten  no  air  could  come  in 
contact  with  it  ；  and  three  ingots  were  cast  at  intervals  of 
one  hour,  as  in  the  former  experiment,  the  glass  being  left  on 
during  the  casting. 

O.i  iff /en  ('oNfeitfs  on  A  iial  ysis. 


Oxygen 
per  cent. 

Oxygen 
per  cent 

Aluminium      (  AT  „ 

,                 \  No.  2 
as  deoxidiser    j  ^ 

00  QO  O 

o  6  6 

Phosphorus     j         \ ' ' 
as  deoxidiser    J         ^*  * 

0-036 
0-036 
0.03(i 

Both  sets  of  results  show  that  if  the  metal  is  kept  from 
contact  with  the  air  when  molten  no  oxygen  is  picked  up  ； 
and  if  this  precaution  is  not  taken  each  melting  will  result  in 
an  increase  in  the  content  of  oxygen,  and  this  conclusion  was 
accepted  and  acted  upon  when  making  the  following  experi- 
ments. The  products  were  not  analysed  for  oxygen  on  account 
of  the  previously  mentioned  difficulty  of  such  analysis. 

Experiment  Xo.  III. — One  new  plumbago  crucible  con- 
taining lOOlbs.  of  87i  per  cent,  copper,  10  per  cent,  tin,  2  per 
cent,  zinc,  and  \  per  cent,  lead  was  covered  with  glass  to 
exclude  the  air  and  melted  ；  another  exactly  similar  charge 
was  allowed  ample  opportunity  to  pick  up  oxygen  by  being 
repeatedly  skimmed  and  left  standing  in  the  air  after  being 
taken  from  the  fire.  Test-pieces,  and  a  heavy  flange  casting 
with  a  light  and  thin  nipple  on  each  side,  were  cast  from  each 
crucible.  The  flange  castings  were  broken  and  examined  very 
carefully,  and  both  appeared  as  sound  as  it  is  possible  to  get  a 
casting.  The  test-pieces  gave  the  following  results  when 
tested  cold  and  under  heat  ： — 


Temperature 

MaximumLoad 
in  Tons  per 
square  inch. 

Extension  on 
2  inches, 
per  cent. 

First   charge   covered  with 
glass  to  exclude  oxygen    . . 
Second  charge  uncovered  to 

/  Cold, 
\  At  500。  R 
/  Cold 
\  At  500°  F. 

。  •。 

C  in  O 

h\/  peri //tent  No.  IV , ― To    complete    the    above  results 
Experiment  No.  IV.  was  made,  which  consisted  in  casting  a 
similar  flange  and  test-pieces  in  "twice   run"   metal.  The 
flange  casting  again  proved  sound,  and  the  test-pieces  gave  the 
following  results  ： ― 

T'-'miH'i'ature 

Maximum  L ('； vl 
in  tons  per 
square  inch. 

Extension  on 
2  inches, 
per  cent. 

Metal  twice  run  without  any  ) 
precaution  to  prevent  ab- [ 

Cold 
At  500°  F. 

<— '  i— 

8 
14 

The  foregoing  experiments  point  to  the  conclusion  that  in 
an  alloy  of  87^  per  cent,  copper,  10  per  cent,  tin,  2  per  cent, 
zinc,  and  i  per  cent,  lead,  no  benefit  results  from  the  deoxida- 
tion  of  the  metal,  or  in  taking  special  precautions  to  prevent 
the  metal  absorbing  oxygen.  There  is  another  feature  of  con- 
siderable interest  in  these  alloys.  When  the  alloy  that  is 
free  from  lead  is  turned  in  the  lathe  the  turnings  have  a  con- 
siderable curl  upon  them.  The  addition  of  ^  per  cent,  of  lead 
materially  reduces  the  length  of  the  turnings.  It  would 
naturally  be  supposed  that  this  feature  is  due  to  the  fact  that 
without  the  lead  the  alloy  has  an  elongation  of  11  per  cent, 
on  two  inches,  and  with  the  addition  of  the  lead  the  elon- 
gation is  reduced  to  8  per  cent.,  and  that  the  turnings  break 
off  more  readily  for  this  reason.  The  same  test-pieces  from 
which  the  turnings  were  made  when  cold  were  then  heated  and 
turned  at  550°  Fah.,  when  it  was  found  that  the  alloy  without 
the  lead  still  presented  the  same  curly  appearance,  and  the 
turnings  from  the  alloy  containing  the  \  per  cent,  of  lead 
were  very  little  longer  than  the  turnings  produced  at  the  cold. 

The  elongation  of  the  alloy  containing  ^  per  cent,  of  lead 
was  at  550°  Fah.,  18  per  cent,  on  two  inches  ；  whereas  the 
elongation  of  the  alloy  without  the  lead  fell  at  this  tempera- 
ture below  2  per  cent. 

As  lead  has  such  a  marked  effect  on  bronze,  enabling  it  to 
be  used  without  loss  of  strength  up  to  550°  Fah.,  it  seems 
reasonable  to  expect  that  some  other  metal  might  be  added 
that  would  enable  the  bronze  to  withstand  even  higher  tem- 
peratures. With  this  object  in  view  87*25  copper  was  melted 
in  a  new  crucible,  and  0'25  of  silver  was  added  when  the 
copper  was  melted,  and  the  whole  m&ss  stirred .  Ten  per  cent, 
of  tin  and  2  per  cent,  of  zinc,  and  J  per  cent,  of  lead  were  then 
added  and  again  stirred.  Two  test-pieces  were  prepared  and 
tested  at  700°  Fah.  One  test-piece  gave  a  maximum  load  of 
811  tons,  the  other  8*75  tons.  The  extension  in  neither  case 
exceeded  0*5  per  cent,  on  two  inches.  The  maximum  load  is 
practically  the  same  as  without  the  silver,  and  the  extension 
not  so  good.  Nickel  is  not  very  promising,  as  in  small  pro- 
portions it  seems  invariably  to  liberate  some  occluded  gas  on 
cooling,  and  produces  very  porous  castings.  Aluminium  is 
objectionable,  because  in  even  small  proportions  it  seems  to 
add  materially  to  the  amount  of  the  contraction  of  the  casting 
on  cooling.  Iron  is  strongly  objected  to  in  fine  bronzes,  as  it 
combines  with  the  tin  and  separates  out  into  hard  masses  in 
the  casting. 

The  subject  seems  to  call  for  further  research,  as  it  is 
possible  that  small  proportions  of  some  of  the  rarer  metals 
may  have  a  beneficial  effect.  With  the  present  use  of  super- 
heated steam  it  is  very  desirable  that  a  bronze  should,  if 
possible,  be  produced  that  can  be  used  with  safety  at  700" 
Fah. 


South  Staffordshire  Iron  and  Steel  Institute. —- At  a  meeting 
of  this  Institute,  held  at  Dudley  on  Saturday  last,  Mr.  J. 
Ernst  Fletcher  read  a  paper  entitled  "The  4*3  per  cent. 
Carbon  Eutectic  (White  Iron)  and  its  Relationship  to  Iron 
and  Steel  Structure  and  Manufacture."  He  said  it  was 
recognised  by  all  students  of  iron  and  steel  that  the  greatest 
practical  importance  attached  to  a  comprehensive  and  clear 
knowledge  of  the  behaviour  of  carbon,  iron,  silicon,  man- 
ganese, sulphur,  and  phosphorus  in  their  association  in 
alloys  used  in  the  various  iron  and  steel-making  processes. 
The  complexity  of  the  relationships  between  iron  and  the 
various  metals  and  metalloids  had  not  deterred  metallurgists 
from  attacking  the  difficulties,  and  there  was  to-day  a  mass 
of  invaluable  information  as  the  result  of  numerous 
researches.  In  the  main  these  researches  had  trended  in 
four  directions ― the  action  of  carbon  on  iron,  the  results  of 
temperature  changes  in  iron  and  carbon  iron  alloys,  the 
action  of  other  metals  and  metalloids  on  irons,  the  action  of 
other  metals  and  metalloids  on  carbon  alloys.  "  Naturally  the 
research  work  done  had  been  in  connection  with  the  influence 
of  gases,  metals,  and  varying  temperature  and  lieat  treat- 
ment on  pure  iron  or  carbon  irons.  The  results,  though  in- 
valuable, often  confused  the  practical  issue,  and  his  object 
in  that  paper  was  to  look  at  the  iron  carbon  problem  from 
the  point  of  view  of  that  white  iron-carbon  alloy  containing 
4*3  per  cent,  of  carbon,  which  might  be  called  the  basis  of  all 
present  iron  and  steel-making  processes  excepting  direct 
methods  from  the  ore. 
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SCHMIDTS  CONSTANT-PRESSURE  INTERNAL-COMBUSTION 

ENGINE. 

Hitherto  it  has  been  usual  to  regulate  coiistant-])ressure 
internal-combustion  engines  by  adding  to  the  constant  weight 
of  air  corresponding  to  the  cylinder  volume  a  greater  or  less 
weight  of  fuel,  according  to  the  load.  Combust  ion  t  li('r('f()r(' 
takes  place  with  varying  quantities  of  excess  air,  so  that 
widely  difTerent  temperatures  of  combustion  (about  1,000°  C. 
(IHlVrence  between  normal  load  and  no-load )  ai-e  produced  in 
spite  of  equally  high  coin pression  pressures  and  equally  liigh 


compression  temperatures,  while  in  addition  the  temperature 
of  the  exhaust  gases  may  vary  through  a  range  of  300°  C. 
and  more.  This  variable  exhaust  temperature  is  specially 
disadvantageous  in  the  case  of  constant-pressure  engines, 
which  work  with  combustion  air  subjected  to  a  preliminary 
compression  (of  two  to  four  atmospheres  absolute  or  more  for 
normal  loads),  and  in  which  the  exhaust  is  used  in  a  hot-air 
engine.  Thus  it  is  well  known  that  the  output  of  a  hot-air 
engine  is  mainly  dependent  on  the  difference  in  temperature 
of  the  working  medium  before  and  after  expansion,  and  if 
this  difference  sinks  below  a  certain  amount,  there  is  some- 
times not  sufficient  power  available  to  overcome  the  internal 
resistance  of  the  engine  itself. 

In  constant-pressure  engines  with  pre- compression  of  the 
combustion  air,  according  to  present  practice  tlae  temperature 
of  the  exhaust  gases  from  the  constant-pressure  cylinder  is 
so  chosen  with  a  view  to  economical  working  that  at  the 
highest  load  at  which  it  is  desired  to  work  the  energy  avail- 
able in  the  exhaust  gases  is,  with  a  small  margin  for  con- 
tingencies, exactly  equal  to  the  output  desired  from  the 
hot-air  engine.  In  such  a  case,  if  the  load  on  the  constant- 
pressure  engine  is  diminished,  it  soon  happens  that  the  energy 
available  in  the  exhaust  gases  which  depends  on  their  tem- 
perature, volume,  and  pressure  becomes  too  small  for  the  pre- 
determined output  of  the  hot-air  engine.  If,  on  the  other 
hand,  the  energy  available  in  the  exhaust  gases  is  chosen  so 
that  tlie  hot-air  engine  performs  the  specified  amount  of  work 
at  normal  loads  of  the  constant-pressure  engine,  on  working 
with  an  overload  the  exhaust  temperature  of  the  constant- 
pressure  engine  may  be  so  high  that  in  the  case  of  recipro- 
cating engines  the  piston  corrodes,  and  in  the  case  of  turbines 
the  blades  become  red  hot. 

To  overcome  these  difficulties,  the  arrangement  illustrated 
has  been  designed  and  patented  by  Dr.  Willi  elm  Schmidt,  of 
2,  Rolandstrasse,  Cassel-Wilhelmshohe,  Germany.  It  consists 
in  a  constant-pressure  engine  and  a  hot-air  engine,  in  which 
the  regulation  is  effected  in  such  a  manner  that  the  hot-air 
engine,  in  spite  of  varying  loads  on  the  constant-pressure 
engine,  is  steadily  supplied  with  exhaust  gases  of  an  approxi- 
mately constant  temperature.  Not  only  is  the  supply  of  fuel 
varied,  but  the  weight'  of  air  supplied  to  the  working  cylinder 
of  the  combustion  engine  proper  is  also  varied  in  t lie  same 
proportion.  The  variation  o£  the  weight  of  air  is  obtained 
by  varying  the  pressure  of  the  pre-com pressed  combustion  air. 
At  the  same  time  the  temperature  of  the  pre-compressed  air, 
which  otherwise  would  vary  according  to  the  degree  of  the 
pre-compression,  is  nfaintained  approximately  constant  bv  a 


preliminary  cooling  or  warming  of  the  air  after  pre- 
compression.  Tlie  temperature  at  the  end  of  the  compression 
will  then  also  be  constant  since,  the  ratio  of  compression  in 
tlie  combustion  engine  proper  being  the  same  at  all  loads, 
tlie  temperature  rise  due  to  the  compression  likewise  remains 
invariable.  Any  small  difference  which  may  result  from  tlie 
influence  of  the  cooling  jacket  (.-an  h(*  |>rovided  for  during  the 
preliminary  cooling  or  warming  of  the  pre-compressed  air. 
The  volume  at  the  end  of  the  compression  also  is  con  '  u  i 
for  it  is  equal  to  the  invariable  volume  of  the  conipresBion 
space  (clearance)  of  the  cylinder.  The  pressure  at  the  en<l  of 
tlie  compression  v;u  i('s  accord i iig  to  t  he  degree  of  the  pre- 
coinpression  ；  for  instance,  at  halt-load  the  final  pressure  is 
only  half  as  high  as  at  full  load.  The  temperature  rise  and 
the  increase  of  volume  during  combustion  are  equal  at  all 
loads,  since  the  proportion  between  the  quantity  of  fuel  and 
the  quantity  of  air  is  constant.  Thus,  finally,  the  temper;"  m ,' 
and  volume  at  the  end  of  combustion  are  the  same  at  all 
loads,  while  the  ratio  of  expansion  and  the  temperature  at 
the  end  of  the  expansion,  i.e.y  the  exhaust  temperature,  are 
also  invariable.  Tlie  engine  works  with  a  constant  cut-off,  in 
contradistinction  to  the  known  Diesel  engines,  in  wliicli  the 
degree  of  cut-off  decreases  with  the  load. 

Referring  to  the  illustrations,  Fig.  1  shows  a  diagram  of 
the  engine  working  at  different  loads,  the  larger  diagram 
corresponding  to  full  load  and  the  smaller  to  half-load  (tlie 
admission  periods  and  also  the  volumes  and  temperatures  of 
the  exhaust  gases  are  the  same  in  both  cases),  and  Fig.  2  a 
diagrammatic  sectional  view  of  the  engine.  The  combustion 
cylinder  is  shown  at  A,  the  hot-air  engine  at  B,  and  the  com- 
pressor for  pre-com pressing  the  combustion  air  at  C.  The 
combustion  engine  works  on  the  four-stroke  cycle,  while  the 
hot-air  engine  works  on  the  two-stroke  cycle.  Between  the 
two  engines  a  receiver  D  is  arranged  for  the  exhaust  gases 
from  the  combustion  cylinder,  while  between  the  compressor 
and  the  combustion  engine  a  receiver  E  is  situated.  In  the 
outlet  of  the  latter  a  throttle  valve  F  is  arranged,  by  help 
of  which  a  higher  pressure  than  is  necessary  for  normal  work- 
ing can  be  maintained  in  the  receiver.  This  is  desirable  in 
order  to  be  able  to  follow  the  variations  of  load  more  rapidlv. 
The  course  of  the  exhaust  gases  and  the  combustion  air  ?s 
shown  by  arrows.  The  decreasing  weight  of  combustion  air 
with  decreasing  output  in  constant-pressure  engines  reduces 
the  work  of  pre-compression,  the  energy  available  in  f he 
exhaust  gases  likewise  decreasing.    Nevertheless,  in  contrast 


Fig.  2. 

to  installations  governed  according  to  known  systems,  t!ie 
energy  in  the  exhaust  gases  always  remains  greater  than  the 
work  required  for  pre-compression.  The  distribution  of  work 
between  the  constant-pressure  and  the  hot-air  engines  is 
chosen  in  such  a  manner  that  the  constant-pressure  engine 
performs  the  whole  useful  work,  because  it  works  with  con- 
siderably more  economy  than  the  hot-air  engine.  If  the  hot- 
air  engine  is  only  used  for  the  work  of  pre-compression,  it  is 
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preferable  to  make  it  mechanically  independent  of  the 
constant^pressure  engine  itself.  By  using  two  mechanically 
independent  engines,  no  restrictions  are  imposed  by  the 
revolutions  per  minute  of  the  constant-pressure  engine,  and 
the  hot-air  engine  can  then  be  constructed  a?  a  turbine,  as  is 
advisable  with  large  plants.  Regulation  of  the  pre- 
compression  pressure  is  effected  by  altering  the  output  of  the 
compressor  by  aid  of  one  of  the  known  methods  ；  for  example, 
in  a  piston  compressor,  by  holding  open  the  suction  valve 
during  a  part  of  the  piston  stroke. 

In  addition  to  the  advantages  above  described  in  relation 
to  the  hot-air  engine,  the  efficiency  of  the  combustion  itself 
is  also  improved  by  means  of  the  new  method  of  regulation. 
As  a  result  of  the  equal  work  of  compression  at  all  loads, 
constant-pressure  engines  as  at  present  known  have  a  very 
low  mechanical  efficiency  at  light  loads.  In  the  engine  under 
notice,  since  the  initial  pressure  of  the  combustion  air  is 
reduced  at  light  loads,  the  work  of  compression  in  the 
constant-pressure  cylinder  is  reduced  in  the  same  degree,  so 
that  for  all  loads  Ihe  mechanical  efficiency  remains  sub- 
stantially constant.  The  pre-compression  plant  may  also  be 
utilised  for  the  production  of  the  injection  air.  The  weight 
of  injection  air  required  depends  on  the  quantity  of  fuel, 
while  the  pressure  of  the  injection  air  depends  on  the  com- 
bustion pressure.  Both  alter  in  common  and  in  the  same 
sense  witli  alteration  of  the  initial  pressure.  It  is  therefore 
advantageous  to  take  the  air  to  be  compressed  for  injection 
from  the  pre-compressed  combustion  air.  The  injection  lir 
comj^ressor  can  be  made  smaller  in  view  of  the  pre-com- 
pression. The  arrangement  is  equally  applicable  to  either 
two-stroke  or  four-stroke  engines. 


INFLAMMABILITY  OF  OIL  WHEN  SPRAYED  ON  HOT 
EXHAUST  PIPES. 

The  Board  of  Trade  enquiry  into  the  loss  of  the  West  High- 
land passenger  motor  boat  "  Scout,"  which  caught  fire  in 
Loch  Leven,  in  August  last,  and  became  a  total  wreck,  was 
resumed  on  the  19th  inst.  At  the  previous  meeting  the  Court 
adjourned  in  order  that  experiments  might  be  carried  out  as 
to  the  inflammability  of  the  oil  in  the  bilges  of  the  vessel 
when  sprayed  on  a  red-hot  exhaust  pipe  by  the  flywheel  of  the 
engines.  Mr.  James  Cormack,  Board  of  Trade  surveyor, 
reported  that  for  the  purpose  of  the  experiments  a  model 
flywheel  of  the  same  diameter  as  those  fitted  to  the  engines  of 
the  "  Scout  ，，  had  been  constructed,  together  with  a  trough 
measuring  4ft.  by  1ft.  to  represent  the  bilge  of  the  vessel,  and 
an  erection  on  which  to  place  in  relatively  the  same  position  a 
pipe  of  the  same  size  as  the  exhaust  pipes  of  the  "  Scout." 
The  apparatus  was  fitted  up  to  ascertain  whether  it  would  be 
possible  for  the  flywheel  on  the  port  engine  to  throw  the  con- 
tents of  the  bilge  on  to  the  pipe  if  the  liquid  was  brought  into 
contact  with  the  rim  of  the  wheel  when  it  was  rotating  at 
450  revs,  per  minute.  It  was  found  that  that  was  quite 
possible.  Experiments  were  then  conducted  with  a  view  to 
ascertaining  whether  pure  lubricating  oil  floating  on  the 
surface  of  the  bilge  water  would,  when  thrown  on  the  heated 
pipe,  ignite  spontaneously,  and  also  whether  a  mixture  of 
lubricating  and  paraffin  oils  would  do  so  under  the  same 
circumstances.  With  regard  to  the  lubricating  oil  he  had  to 
state  that  when  this  was  sprayed  on  to  the  hot  pipe  the  oil 
vaporised  in  dense  smoke  which  did  not  ignite  unless  a  naked 
flame  was  passed  through  it.  On  reheating  the  pipe  a  quantity 
of  finely-shredded  cotton  waste  was  thrown  upon  it.  This 
burned  immediately,  leaving  some  glowing  points  on  the  pipe, 
and  it  was  found  that  lubricating  oil  would  then  ignite, 
though  not  very  readily,  when  sprayed  on  the  pipe  by  means 
of  the  wheel.  About  a  gallon  of  paraffin  was  poured  into  the 
trough,  and  on  starting  the  wheel  and  stirring  the  contents 
of  the  trough  so  as  to  make  them  come  into  contact  with  the 
revolving  wheel  and  be  sprayed  on  to  the  pipe  the  mixture  at 
once  burst  into  flame.  Mr.  Cormack  gave  evidence  with 
regard  to  further  experiments,  and  stated  that  the  general 
conclusion  arrived  at  was  that  it  was  quite  possible  the  fire 
might  have  orignated  in  the  way  described,  if  the  bilges  were 
sufficiently  flooded  to  bring  the  oil  floating  on  the  surface  into 
contact  with  the  flywheel.  That,  however,  would  imply  an 
abnormal  amount  of  water  in  the  bilges. 


A  COMBUSTION  CHART  FOR  COAL  AND  OIL  FUELS  ；  AND  A 
CHECK  ON  FLUE.  EXHAUST,  AND  PRODUCER  GAS  ANALYSES.* 

BY  PKOF.  J.   D.  CORMACK.  D.SC. 

The  object  of  this  note  is  to  describe  a  combustion  chart  which 
gives  a  simple  and  rapid  means  of  checking  flue  and  exhaust 
and  |)ioducer  gas  analyses,  so  as  to  ascertain  whether  a  uivcu 
gas  analysis  is  consistont  with  the  combustion  of  a  givcu  coal 
or  oil  fuel  ；  and  tlie  chart  gives  also  the  air  appropriated  for  the 
combustion,  and  the  excess  air  used.  The  composition  of  the 
gases  is  ascertainod  as  a  volumetric  analysis,  and  it  is  unnecessary 
to  reduce  this  to  a  weight  analysis.  Let  the  fuel,  as  buinwi. 
contain  per  pound  :  C\  lb.  carbon,  Ht  lb.  hydrogen,  and  () 
<>xvu<mi,  iind  lot  the  volumetric*  analysis  of  the  ^asos  l>o  ： ― 

Carbon  dioxide    . .  C02,  x 

Carbon  monoxide  f10,  y 

Oxygen  0，  z 

Nitrogen             . .  N,  n 

Total  . .  1 

Any  sulphur  in  tho  fuel  is  usually  vory  small,  roquiros  little 
oxidation,  and  does  not  appear  in  tlie  ^as  analysis.  rDio  nitro^on 
in  tho  fuel  may  also  he  neglectocl,  as  its  woiuht  is  voi y  smal I 
compared  witk  the  total  weight  of  the  pases.  Following  tho 
usual  assumption,  1  ho  availahlo  hydrogen  per  ^»oiuk1  of  fuol  us 

liurnod  is  Ht  ―^,  and  flic  available  hv<lm*«eii  |""'  poiuid  of 
Hi  ~  8 


carbon  burned  is 


(,， 


or  H1 


rFako  the  composition  of  tlio  atmos|)]ioro  as  :    Ry  volume, 

oxy*»on  21  per  cent  ；   nitrogen  7!)  pov  cent.    Hy  woi^ht,  oxv^en 

23-  2  ])<•]■  cent.  ；    nitrogen  7("8  \)vv  cent.,  tho  nitrouon  l)einu 

un<ltM'stoo(i  to  include  the  inert  gasos. 

, .  .  32  .  8 

lib.  ('iirhon  roqui los,  for  combustion  to  002-j^ i.e.,  ^h.  oxv^on, 

1 G  \ 

and  for  oombustion  to  CO  - f gi.e.,;^)).  oxygen. 

Thoroforo  tlio  air  ro  qui  rod  for  tho  combustion  of  lib.  caibon  to  C02 
8  \()() 

is-o  X  no      i.e.，  11  r51bs.  ；  and  for  combustion  to  CO.  5-751ks. 


3  ^  23.2， 


10  . 


111).  hydrot>on  requires  for  combustion  to  H.,0,  -r-,  i.e.,  81bs. 

oxygen,  and  the  air  required  is.  thorcforo,  8  X  i,e"  34«511)s. 

In  dealing  with  the  combustion  of  carbon,  two  facts  are  useful  : 
(1)  When  carbon  combines  with  oxygen  to  form  (102,  the  volume 
of  the  C02  produced  is  equal  to  the  volume  of  the  oxygen  used. 
(In  all  cases  volumes  are  compared  at  the  same  temperature  and 
pressure.)  When,  however,  the  carbon  forms  CO,  the  volume  of 
CO  produced  is  twice  the  volume  of  the  oxygen  used.  The 
following  statement  can,  therefore,  be  made  at  once :  The 
ratio  of  the  volume  (or  weight)  of  unused  or  excess  air  (or  oxygen) 
to  the  volume  (or  weight)  of  the  air  (or  oxygen)  required  for  the 


combustion  of  carbon  to  CO.] 


(2)  Equal  volumes  of  C02, 


CO,  and  CH4  contain  the  same  weight  of  carbon.  Hence  it 
follows  that  if,  of  the  total  carbon  Cx  burned,  Cx  (1  一  S)  is 
burned  to  C02，  and  CjSis  burned  to  CO ― 


1  ―  S 


1 


and  S 


y 


(i) 


S      —  y，  ~      x  +y  .r  +  y 

Consider  the  combustion  of  lib.  carbon  having  H1  available 
hydrogen.  Let  S  lbs.  be  burned  to  CO,  and  1  —  S  to  C02，  and 
let  there  be  m  lbs.  excess  air.  The  result  of  the  combustion 
can  be  shown  in  tabular  form.  Take  the  volume  of  lib.  oxygen  as 
V.    When  a  volume  V  of  oxygen  is  taken  from  the  atmosphere,  the 

79 

corresponding*  volume  of  nitrogen  is  -^V,  or,  say,  rV. 

*  Abstract  of  paper  it  ad  before  the  Institution  of  Engineers  and  Shipbuilders 
in  Scotland,  March  17th,  1914. 
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For  tlie  couilmstion  of 

Vol .  of  oxyfc'ri» 

Vol.  of 
pnxlitctH. 

Vol.  of  nitro^Mi 
(■orn'spondin^ 

(1  -S)  lb.  carbon  to  (<). 

S  ll>.  oar»x>n  to  CO 
111  II,.  hy<lio^'n  lo  11,0... 

(卜 S)x|v 

« 小' 

III  SV 

u 

(' 

l，i  s\V 

•232"'  V 

of  u -、 VW, 

an<l  -2T2m  V  ？ 
i  of  nit  rogen. 

No  water  appeals  iti  t he  «^;ih  analysis. 

ill  he  (.<  being  the  sum  of  1  Ik 


The  resulting  gas  analysis 
items  in  the  two  right -liand  n 


(,o,， 


CO, 


('，s 小' 


•，  V 


(I  ―  S)|-V 


N, 


.-. -232wV=  :.<f  . 
V  -l-  Ff  x  8V  I  L'.'i'J///  V 


. (2) 
•  -  (3) 
- (D 


Now  from  (2)  and  (； J) 


8 


:i  y =(  •■  +  ■'/) 

sti tilting  from  ('2),  (：5),  (4 ),  and  ((；)  in  (f>),  we  have 

「2 …― —— 1 
ami  .''  +  ！ I 


(•r») 

I     SI 山 


i1—  '2 


+  SH 

f  -  +     =  1 

I  :m'(  ,.  +  //) 


(•'■  +  .'/) 


al.so 


1  I 


•79 
•21 

1  +  79 
-21 


- -79 


" - -79  [  1  +  3H1' 
1 


0  0- 


(7) 


—J[ 一 

2 

the  value  of  H1  and  the  amounts  of  C()2  and 
CO  in  the  flue  gases  are  known, 
the  amount  of  nitrogen  can  be 
found,  and  the  oxygen  got  by 
difference,  and  thus  a  check  on 
the  analysis  is  obtained.  The 
equation  shows  that  if  the  C02 
and  CO  are  accurately  ascer- 
tained, and  if  H1  is  known,  the 
oxygen  and  nitrogen  can  be 
obtained  by  a  simple  calcula- 
tion. Take  as  an  example  the 
combustion  of  a  coal  of  an- 
alysis ： Carbon,  81  per  cent. : 
hydrogen.  4*5  per  cent.  ；  oxy- 
gen, ]itM*  cent.  ；  other  mat- 
ters, 8«  1  per  cent.  Th(、  ash 
pel'  pound  coal  burned  was 
•Wll).,  and  it  contained  30  per 
cent,  of  C. 


丄 


Per  pound  fuel  V  luinied  - 
•  81  ―   018  =  -711211). 


Fl«.  1. 


If  any  h  yd  ioge  n  w  as  in 
ashes  owing  to  unburned  coal,  a  correction  could,  if  nef(»ss;ii  v. 
be  made,  but  it  would  be  extremely  small. 


.01； 


,1 


II1 


8 


The  amounts  of  ( '( aiul  (10  found  in  thf  *ra«0H  \\<*ro 
an<l  ■  ( > 1 2  l>v  volume. 

. .<)I2 


/.  fi 


.0|r,7  '  -012) 


MS 


.Mli«*  (ixy^cn  must  I"'  I       .  I  l(»      .(，1  二' 
volmiici  ric  ^as  ； malvsis  should  ： 

CO,  - !  Id  ；   CO  .012  ；   ()  .uhu  ；  N 

Construction  of  Chart. ― Tlio  n-sult  <，f  t  lit*  ruinhnM  urn  "f  n 
('or)tainin^  ( '  ； hmI  II  can  In*  v  show  n       a  romlaist  ion  el 

(A)  ('(m 山 iisti<m  of  carhon  to  CO 

If  ('  in  huniod  to  CO.,  in  air,  since  t  hf  ( '<  )2  pr"<lii"  (l 卜 c 
to  t ho  ( )  ns«'<l,  nitrogen  percent u^m*  remains  iiiu-liaii^f<l. ' 


I  Id 


run 


Fig.  2. 

S(|iiaied  papor,  lioi*iht  KM)  units.  Fi^.  1,  horizontal  and  vf'r"r"l 
units  <M|ual,  ； nul  draw  a  line  XX，  as  7!'.  At  I'M » 山 a、v  a 
line  at  45°.  On  XX,  from  X  plot  of[  tl"'  m2.  r  ;  then  th«* 
vortical  lino  A  H  I)  F  uives  tlie  vahn-s  A  B.  I»  1).  ； m,|  I)  1，，  ,,| 
tho  m2，  x\  0,  z;  and  N,  «.  For  if  X  I)  =  x9  XD  :  A  H. 
and  since  w  =79  =  F  I),  then  B  D  must  =  2，  tli，'  oxvlmmi. 

One   pound   of  c;irtx»ii.   if  comph'tcly   r,»i 卜 imu'tl.  rt"|uir,'、 
air.     From  stateincnt  ( 1)  tlie  ()  "i，';i、m'、  t  he  ,m  . 

aiul  if  the  0  and  C02  arc  **<|iial.  tli,'  ''x'  t'ss  air  i、  r<>  tin*  ait- 

required  for  the  combustion  of  the  cail>on  to  CO^.  i.t'.,  in  thi^ 
case  ll-51bs.  Taking  any  vertical  line,  measuring  from  XX,. 
the  line  X  B  produced,  if  necessary,  will  cut  tliis  lim',  aiul  tin* 
intercept  is  proportional  to  B  D，  and  will,  thwfon',  】nt'; 卜 m，' t In- 
excess  air.  When  X  D  =  D  B，  i.e.,  when  CO.,  and  0  are  t'«|iial, 
X  B  is  at  45，  and  should  cut  the  vertical  line  at  a  point  in  the 
scale  which  reads  11-5.  We  can  use  the  same  scale  divisions 
if  we  place  this  vertical  line  at  a  horizontal  distance  of  1 卜：' 
from  X，  and  the  line  at  46°  will  then  cut  it  at  11-5.  This  gives 
a  convenient  excess  air  scale  per  pound  carbon  burned.  A  mimU'i 
of  scales  may  be  placed  at  convenient  distances  from  X，  say, 
2x11-5;  ^  X  11-5,  &c.  These  are  shown  on  the  Chart,  Fig.  3，  and 
the  scales  are  convenient,  as  they  involve  no  new  horizontal 
lines. 

(B)  Combustion  of  lib.  carbon  to  CO.,  and  CO.  H1  available 
hydrogen  also  being  burned. 
From  (7) 

n  =  -7U  ―  .79一,  +  -79  x  3Hl  (x  +  y) 

For  any  value  of  H1  draw  a  line  whose  ordinate^  are  -79  x  3  Hl 
(x  x  =y  being  measured  from  X  along  XX,,  Fig.  2.  If  tli,' 
ordinates  are  (alculatt'd  lovx+y  =  -21,  they  will  he  found  to  a  moo 
very  nearly '  with  the  scale  divisions  already  adopted.  Thus, 
fora:+y  =  '21，  H1  =  "，  '7!>X  3  H1  (a* +y)  =  vtM-v  nearly  .r> 

divisions.    The  scale  shown  on  the  chart  should.  tl"'i，'f《'n',  W  a 


3-e>w 』-<  32』t«Ky 
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Fig.  3.— Combustion  Chart,  per  Lb.  of  Carbon  Burned . 


As  before,  the  oxygen  or  B  E  measures  the  excess  air.  Through 
X  draw  lines  X  B  and  X  E，  and  read  off  the  excess  air  per  pound 
carbon  burned  as  the  intercept  between  these  lines  on  any  con- 
venient excess  air  scale.  Air  required  or  appropriated  U  for 
combustion  of  the  fuel  per  pound  of  carbon  burned 一 

U  =~^{-f-(l-S)+  ^S  +  SH1},  S  being  burned  t。  CO. 
S  +  3h4 


11-5  1 
115  ( 


2 


r  +  j/i    +  11  ~~2^  3  Hl(r  +  //)  J' equations  (2)  &  (3),S  =  ^^ 

u'O^ 一- f} . 


for  from  Statement  II. ，  or 


is  made  29*2  the  additional  air  is  half  the  ordinate  at  29*2.  To 
save  confusion  the  scale  is  put  at  29-2,  the  line  XXX  corresponds 
to  11  -51bs.,  and  the  scale  shown  in  the  chart  is  thus  determined. 
The  reading  of  X  E  produced  on  this  scale  gives  the  appropriated 
air  or  the  air  required,  per  pound  carbon  burned,  for  the  com- 
bustion as  it  actually  took  place.  In  using  the  "chart  a  line  can 
be  drawn  for  any  given  value  of  H1.  Some  H1  lines  are  shown 
for  coal  and  oil  fuels. 

Taking  the  example  already  given,  the  intercept  between 
X  B  and  X  E  on  the  excess  air  scale  =  7*451bs. 
...  Excess  air  per  pound  fuel  =  7*45  x  -792  =  5-Olbs. 

The  line  X  E  gives  on  scale  for  the  air  required  for  combustion 
12-6lbs. 

.*.  appropriated  air,  or  air  for  combustion  per  pound  fuel 
= 12-6  X  -792  -  9.951bs. 


COz 


1LS 


44 


=  ll-5  +  14*6x^    〃一 '79  =  GE  and  X  G  =    +  .'/. 

To  show  this  on  a  suitable  scale  for  lib.  carbon  burned  to 

C02，  when  CO  is  absent  and  H1  ^  0,  the  scale  should  read 

1 1  -51bs.,  the  weight  of  air  required  for  the  combustion  of  lib. 

•  G  E 

carbon  to  C02.     The  additional  air  ii])|)To|H'iated  is  1 4  •  (i  X  » 

； is  ])io|)ortional  to  1 1 1 ( •  ofdinal cs  1  o  tlic  line  X Jf  X  (}  is 
made  14-(i,  the  additional  air  is  the  ordinate  at  14-fi,  and  if  X  (〉 


little  to  the  right,  say,  at  21  •  1.    Draw  a  line  whose  ordinates  are 

•  79x1 丄 the  CO  lino.    When  y  =  -20  the  ordinate  is  -07i». 
2 

For  any  value  oi  x  +  y  draw  the  vertical  line  A  B  D  G  F,  the 
Imr  X  D  being  the  H1  line  for  the  fuel  as  burned.    Mark  off 

DE  =  KL  =-7!) 
Then  GE  = ( 

FE  =  -7(.)  +  CtE  =  .7'.)  +  -7!)  x  3  H1  {x  +  y)  -  -70  ^ 
.'. FE=w,  and  AB=x+y.    ••.  BE=1—  (x+ij)~  n  =2. 


^  1  ^ 


I  r 


d  d  rr 


9  ^ 
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^  ^  a  ^  J  力 
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The  chart  nuiy  he  used  in  in;»ny  wavs.  For  ('x;mi| 山' : ( 1)  It 
may  be  used,  as  explain ('小  to  rl"'('l<  tlic  ;m"lvsis  of  tli,' 
liases,  and  obtain  \\w  roj  riat<'<l  and  excess  air  iti  any  r;is" 
where  the  iinalyscs  of  the  fuel  as  lum"'(l.  and  of  the  resulting 
n-ascs  iiiv  oiven.  (2)  It  show  s  the  juuilvsis  n'siiltinji  l'r(>"»  tin* 
coinhustion,  complete  or  <>l'  a  fuel  with  any 卩 ivhi 

amount  of  excess  air.  (3)  It  may  be  used  to  obtain  ihr  air 
loaka»o  into,  say,  an  erononiisrr.  From  the  aiialysis  al  iiilH 
and  outlet,  find  the  excess  air  at  inlet  unci  outlet,  and  the  di  nVrcncc 
is  the  lcakii^v.  (4)  It 觸 y  he  used  to  check  the  juui lysis  of 
pnxliu-or  <*as,  and  to  <i('t('n"in('  the  air  used. 


LOCOMOTIVE  CINDERS  AS  A  FUEL  FOR  STEAM  BOILERS.* 

Numerous  attempts  have  been  made  to  utilise  for  fuel  pur- 
poses locomotive  smokebox  cinders,  which  contain  from 
6,300  to  8,100  B.T.U.  per  pound.  Butl  all  such  attempts 
have  generally  proved  unsuccessful,  owing  to  the  difficulty  of 
Imrning  the  cinders  on  any  kind  of  grate,  the  grain  of  the 
cinders  being  very  uneven,  and  varying  from  fine  dust  to 
pieces  up  to  5  mm.  (or  0'2in.).  Several  experiments  have 
l>een  made  on  burning  such  cinders  together  with  coal  rich 
in  gaseous  compounds  on  undergrate  blastfurnaces,  such  as 
Hie  Kucllicz  or  Kridlo  types,  hut  these  furnaces  require  that 
the  charging,  shifting  of  the  fire,  and  removal  of  clinkers  be 
made  by  hand  ；  so  that  frequent  opening  of  the  fire  doors 
allows  the  entrance  of  cold  air  with  its  attending  heat  loss, 
and  at  the  same  time  makes  it  difficult  to  maintain  an  even 
fire.  Even  at  that,  the  cinders  do  not  burn  well,  and  a 
large  proportion  of  them  are  carried  «over  into  the  ashes  or 
sent  out  through  the  flue. 

The  tremendous  amount  of  locomotive  cinders  obtained 
every  year  led  the  German  engineers  to  experiment  actively 
in  order  to  find  a  system  by  which  this  kind  of  fuel  could 
be  burned  without  an  admixture  of  coal  rich  in  gaseous 
ooinpounds.  Attempts  have  been  made  to  use  special  forms 
of  arches,  chain  grates,  inclined-step  grates,  and  so  on,  but 
up  to  this  time  no  attempts  were  successful  in  burning  more 
tli  an  40  per  cent,  of  the  cinders  in  a  mixture  of  high  gas 
coals.  It  was  only  lately  that  the  State  Railway  Adminis- 
tration Division  of  Breslau,  in  installing  a  large  roundhouse 
at  Oels,  again  made  a  series  of  experiments  on  the  utilisa- 
tion of  locomotive  cinders  for  boilers  with  what  appears 
to  be  fair  success.  They  use  a  modified  type  of  forced-draught 
furnace  with  travelling  grate  of  the  Pluto  stoker  type.  With 
the  ordinary  type  of  the  Pluto  stoker,  the  operation  was 
not  quite  successful,  as  notwithstanding  the  motion  of  the 
hollow  grate  elements,  the  cinders  exhibited  a  tendency 
to  bake  together  and  in  this  way  interfered  with  the  travel- 
ling of  the  fuel  over  the  grate,  which  very  unfavourably 
affected  the  steam  output  of  the  boiler.  Further,  the  baking 
of  the  cinders  prevented  the  air  from  reaching  the  fuel, 
resulting  in  incomplete  combustion  and  tlie  passage  of  a  con- 
siderable amount  of  the  cinders  into  the  ashes. 

The  main  advantages  were  secured  by  the  introduction 
of  steam  into  the  hollow  grate  elements.  After  this  was 
done,  the  slags  remained  fluid  and  did  not  form  clinkers  on 
the  grate  elements,  the  travel  of  the  fuel  over  the  grate 
became  better,  and  greater  combustion  velocities  became  pos- 
sible. Further,  the  action  of  steam  helped  to  obtain  far 
more  powerful  combustion  than  was  possible  in  the  early 
experiments,  the  ashes  were  well  burned  out,  ani  contained 
only  little  combustible  material.  The  other  modifications 
were  of  a  secondary  nature  and  referred  to  regulation  of 
velocity,  distance  of  motion  of  the  liollow-grate  elements,  air 
pressure  of  the  grate,  &c. 

These  experiments  have  shown  that  with  the  modified 
Pluto  stoker  it  is  fully  possible  to  obtain  a  comparatively 
good  efficiency  of  combustion  with  locomotive  cinders.  The 
main  element  of  success  in  this  test  was  a  continuous  break- 
ing up  of  the  fuel  by  the  relative  motion  of  the  hollow-grate 
elements  which  gave  the  air  of  combustion  】iieaib  of  access  to 
the  fuel.  The  high  combustion  temperature  required  in 
this  case  has  been  made  possible  with  the  Pluto  stoker  by  the 
use  of  a  special  fire  return  arch,  Fig.  1       As  shown,  the 

*  From  an  article  by  O.  Nerger  in  "  Zeitschrift  des  W'reiiu*s  dentscher  Iugeni- 
eure,"  and  rej^rodnced  from  the  Februar>  issue  of  the  Journal  of  the  American 
Society  of  Afechanical  Engineers. 


brickwork  is  arranged  in  a  manner  such  that  over  the  ，i|，|"'r 
part  of  the  grate  tliere  is  only  quite  a  short  arch,  the  only 
purpose  of  wliicli  is  to  protect  the  header  and  the  pipe  <(川 
nections  against  the  action  of  tlie  hot  gases.  On  t he  otlier 
liaiul,  there  is  a  lon^  arrli  over  the  entire  lower  part  of 
the  grate,  fairly  close  to  tlie  ^rate.  Tlie  flames,  tl"*rH("e， 
travel  not  as  in  other  systems  of  firing  from  the  front  back 
wards,  but  from  the  back  forward,  and  a  large  amount  ot 
radiation  is  obtained,  directed  towards  those  parts  <>\  1 1"' 
fuel  wliich  have  just  reached  the  grate,  so  that  the  fuel  has 
an  opportunity  to  reach  the  temperature  of  ignition  in  the 
early  zones  of  the  stoker.  Witli  tlie  gradual  travel  over  its 
path  of  combustion,  tlie  fuel  has  ])lcnty  of  time  f ull v  to  hum 
out. 

The  tests  showed  that  with  tliis  system  of  firing  cornpa ra- 
ti ve  I  y  great  efficiency  was  obtained  with  cinders  as  fuel.  Tlie 
slags  and  tho  ashes  were  w^ll  huriKMi  out  and  (* (川 t;iim"l  on  I  \ 


FiTiiNAcr.  of  MoniFi^n  Pluto  Stokp.r  ron  IU'u\iN(i  liOroMOTivr.  ('i、'm  ';、 

traces  of  combustible  material.    The  ainount  of  aslies  taken 
out  by  tlie  flue  was  insignificant  and  contained   little   (  nm 
bustible  material.    The  use  of  locomotive  cinders  on  a  modi 
fied  Pluto  stoker  gives  a  considerable  econoinv  over  a  cliain 
grate  on  which  are  burned  locomotive  cinders  to^ethei'  with 
ordinary  coal. 


Trials  of  the  "  Calgarian,"  —  The  new  Allan  linor  ( 
garian/'  built  by  the  Fairfield  Shipbuilding  and  En^ineoi- 
ing  Company,  Glasgow,  ran  a  successful  series  ot  pn'',rt'、、i、 ,' 
speed  trials  on  the  16th  inst.  on  the  measured  mile  at  Skel - 
morlie,  and  afterwards  ran  manoeuvring  trials  on  the  Firtli. 
The  speed  trials  consisted  of  seven  double  runs  on  the  mile, 
beginning  at  a  speed  of  11  knots  and  working  ii]>  graduallv 
to  a  speed  of  2125  knots.  On  the  last  double  run  the  mean 
speed  was  20*634  knots,  wliich'  is  a  knot  and  a  half  more 
than  that  which  will  be  required  in  regular  service. 

Smoke  Abatement  Bill, ― Lord  Newton's  Smoke  Ahatement 
Bill,  the  text  of  which  was  issued  on  the  20th  inst.,  seeks  to 
simplify  and  strengthen  the  law  relating  to  emission  of  stnoke 
by  extending  to  the  whole  countrv  provisions  based  on  enact- 
ments in  force  in  the  Metropolis  and  in  some  few  local  areas, 
the  practical  utility  of  wliich  has  thus  been  proved  bv  ex- 
perience. The  operative  clauses  of  the  Bill  seek  on  the  one 
hand  to  secure  construction  of  the  furnace  on  the  principle 
of  consu niption  of  its  own  smoke,  and  on  the  other  to  put 
the  onus  of  proof  of  careful  use  ami  working  on  the  person 
using  and  working  the  furnace.  In  order  to  protect  anv 
industry  in  which,  from  its  nature  or  requirements,  it  is  not 
reasonably  practicable  to  seen  re  smoke  abatement,  power  of 
exemption  by  the  Local  Government  Board  aft^r  due  en- 
quiry is  proposed  to  be  given.  The  Bill  further  seeks  also  to 
confer  powers  upon  county  councils,  to  authorise  local 
authorities  to  set  up  joint  committees  with  the  approval  of 
the  Local  Government  Board  for  dealing  with  the  emission 
of  smoke  ;  and,  following  the  analogy  of  the  Alkali  Acts  to 
givp  the  Local  Government  Board  power  to  appoint  trained 
inspectors  who  may  prosecute  offenders  in  cases  where  the 
local  authority  has  failed  to  perform  its  dutv  in  the  matter. 
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THE  CORROSION  AND  SPLITTING  OF  CONDENSER  TUBES.* 

BY  SIR  HENRY  J.  ORAM,  K.C.B.,  F.R.S.  (ENGINEER-IN-CHIEF 
OF  THE  FLEET). 

This  institute  has  taken  up  the  question  of  corrosion  of 
condenser  tubes  in  great  detail,  having  appointed  a  repre- 
sentative committee  to  deal  with  the  matter  The  second 
report  to  this  committee  by  its  investigator,  which  was 
presented  and  read  at  the  Ghent  meeting  last  year,  is  a 
most  valuable  document  to  those  interested  in  the  question. 
The  report  was  of  special  interest  to  the  Admiralty,  as  it  • 
confirms  Admiralty  practice  and  experience  of  the  last  20 
to  30  years.  On  examining  the  last  report  of  this  com- 
mittee, "it  is  of  interest  to  note  the  good  results  given  by  a 
condenser-tube  alloy  containing  2  per  cent,  of  lead.  Hitherto 
engineers  have  had  a  considerable  prejudice  against  lead 
in  the  copper-tin-zinc  alloys,  and  perhaps  the  prejudice  was 
not  very  definitely  founded,  but  the  satisfactory  results  given 
by  the  alloy  referred  to  above,  and  those  given  by  a  gun- 
metal  alloy  containing  a  small  percentage  of  lead,  at  high 
temperature,  should  cause  the  prejudice  to  come  under 
review,  and  some  light  appears  to  be  forthcoming  on  this 
important  matter.  It  is  possible  that  the  percentage  of 
lead  in  such  alloys  must  be  confined  within  very  narrow 
limits  to  give  the  physical  qualities  required,  and  that  out- 
side these  limits  the  alloy  is  unsuitable  for  the  purpose 
intended.  If  this  view  be  correct,  and  the  proper  percentage 
of  lead,  and  the  limits  of  variation  from  this  percentage 
that  can  be  allowed,  can  be  determined  in  the  case  of  alloys 
intended  for  certain  purposes,  such  as  for  use  with  high- 
pressure  steam,  a  great  want  will  liave  bee"  met.  This 
important  subject,  the  influence  of  varying  proportions  of 
lead  in  small  quantities  on  the  physical  qualities  of  the 
copper-tin  alloys,  might  well  receive  more  consideration  from 
the  laboratory  workers,  manufacturers,  and  engineers  of  this 
institute.  In  order  that  progress  may  be  attained,  and  an 
improvement  realised  in  the  adaptability  of  a  material  to  its 
designed  end  and  practical  use  in  engineering,  close  co- 
operation should  exist  between  the  scientist  and  designer, 
the  maker  and  the  user. 

The  number  of  papers  read  before  this  Institute  dealing 
with  the  finished  product  on  the  practical  side  and  from  the 
user's  point  of  view  have  been  comparatively  few,  and  on 
this  account  the  remarks  respecting  condenser  tubes  which 
I  propose  to  make  may  be  of  interest,  for  in  this  case  it  was 
only  by  such  mutual  co-operation  and  interchange  of  ideas 
that  a  real  advance  was  obtained  as  regards  increased  re- 
liability of  these  important  items  of  a  warship's  machinery 
equipment.  There  is  no  part  of  the  machinery  of  ships  on 
which  more  thought  and  time  has  been  bestowed,  or  which 
has  a  more  far-reaching  effect  on  the  reliability  of  the  machi- 
nery, than  that  seemingly  simple  article ― the  condenser  tube. 
Although  the  corrosion  of  condenser  tubes  is  a  defect  of 
serious  importance,  many  of  the  worst  troubles  that  the 
Admiralty  have  experienced  with  such  tubes  have  not  been 
from  corrosion  or  perforation,  but  from  splitting  when  at 
work,  which  is  a  far  more  serious  defect.  The  number  of 
failures  of  tubes  due  to  corrosion  and  perforation  is  much 
in  excess  of  the  number  that  fail  due  to  splitting,  but  the 
more  serious  consequences  which  result  from  splitting  are 
such  as  place  these  defects  in  the  front  rank  of  undesirable 
occurrences.  When  a  tube  perforates  or  corrodes  the  hole 
first  made  is  minute.  It  gradually  gets  larger  with  time, 
but  before  it  becomes  enlarged  to  any  considerable  size  there 
are  usually  opportunities  of  detecting  the  presence  of  small 
quantities  of  salt  in  the  feed  water  and  boilers,  and  when 
such  presence  is  discovered  efforts  are  made  to  locate  the 
tube  which  has  failed,  generally  with  success,  so  that  it  can 
be  plugged  temporarily  and  renewed  later  at  a  convenient 
opportunity.  In  the  case  of  a  split  tube,  however,  water 
being  in  most  cases  inside,  it  is  generally  the  case  that  the 
entry  of  sea  water  from  the  tube  into  the  condensed  steam 
space  is  considerable,  and  may  even  amount  to  water  pour- 
ing into  the  steam  space  full  bore,  from  each  end  of  the  tube, 
so  that  the  amount  of  damage  usually  done  in  this  way  by 
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a  split  tube  is  far  in  excess  of  that  due  to  a  perforated  tube. 
In  the  effort  to  avoid  the  cause  of  this  defect  it  will  have 
to  he  borne  in  mind  that  the  tube  has  to  be  soft  and  ductile, 
so  that  it  will  resist  any  tendency  to  splitting  or  flying,  but 
at  the  same  time  it  must  not  be  too  soft  to  resist  the  pressure 
of  the  packing  material  which  is  applied  at  the  ends  to  pre- 
vent leakage.  As  these  two  requirements  are  necessarily 
mutually  antagonistic,  difficulty  is  found  in  uniting  them  in 
condenser  tubes. 

Condenser  tube  failures  are  of  the  greatest  importance 
to  the  Navy  owing  to  their  ill-effects  as  regards  corrosion 
of  steel  parts,  priming,  cleanliness  of  boilers,  and  in  other 
directions.  In  1899  such  failures  had  become  undesirably 
important,  both  on  account  of  their  number  and  the  greater 
detriment  resulting  due  to  the  rise  of  boiler  pressure  and 
the  use  of  water-tube  boilers.  The  Fleet  were  therefore 
given  orders  to  report  to  the  Admiralty  each  case  of  failure 
of  a  condenser  tube,  either  by  corrosion,  perforation,  split- 
ting, or  deformation,  occurring  in  ships  with  1501bs.  boiler 
pressure  or  above.  A  number  of  standard  questions  have  to 
be  answered  by  the  ships'  officers  making  their  report,  includ- 
ing the  position  of  the  defective  tube  in  the  condenser,  the 
length  of  time  it  has  been  at  work,  its  maker,  and  other  par- 
ticulars, so  that  a  post-mortem  examination  is  held  on  each 
condenser  tube  which  fails.  By  this  means  a  large  mass  of 
information,  as  complete  as  can  be  furnished  by  sea-going 
ships,  is  accumulated  ;  and  by  gradual  deduction  from  these 
reports,  supplemented  by  laboratory  experiments,  where  in- 
dicated to  be  necessary,  and  by  assistance  step  by  step  from 
the  manufacturers,  we  see  the  direction  in  which  to  work 
to  eliminate  those  defects  which  are  due  to  known  and 
remedial  causes. 

The  efforts  of  the  Admiralty  to  effect  a  reduction  in  the 
number  of  failures  of  condenser  tubes  on  service,  which  have 
also  caused  them  to  consider  the  question  of  manufacture 
and  the  detailed  testing  of  condenser  tubes,  have  extended 
over  a  considerable  time.  We  have  not  always  at  first  been 
able  to  carry  the  tube-makers  with  us,  and  some  noteworthy 
differences  of  opinion  have  manifested  themselves  among  the 
various  makers  when  approached  by  the  Admiralty  on 
apparently  simple  matters.  These  differences  of  opinion 
seem  to  indicate  the  desirability  for  greater  co-operation 
among  the  tube-makers  themselves  and  a  greater  interchange 
of  ideas  and  experience,  by  which  they  themselves  would 
benefit  and  their  customers  would  also  reap  advantage.  It 
is  always  difficult  to  convince  a  manufacturer  who  has  been 
occupied  for  many  years  in  making  a  speciality,  such  as  con- 
denser tubes  are,  and  whose  plant  and  methods  are  ordered 
and  organised,  that  his  products  are  susceptible  of  improve- 
ments, or  that  defects  occurring  on  service  can  be  reduced 
by  improvements  in  the  process  of  manufacture  adopted  by 
him.  The  Admiralty,  however,  have  been  successful  in  en- 
listing the  hearty  co-operation  of  tube-makers  generally  in 
this  important  naval  requirement,  and  our  thanks  are  due 
to  them  for  their  valuable  assistance  in  arriving  at  the  pre- 
sent comparatively  satisfactory  condition  of  affairs.  One  of 
the  many  orders  issued  by  the  Admiralty  with  a  view  of 
minimising  corrosion  in  condenser  tubes,  is  an  instruction 
to  ships'  officers  to  drive  the  circulating  pumps  at  high  speed 
at  frequent  intervals,  to  clear  tubes  of  cinders,  &c.  Although 
the  second  report  to  the  Corrosion  Committee  appears  to 
throw  doubt  on  the  influence  of  such  matter  in  starting  local 
corrosion,  yet  as  the  report  also  points  out  advantages,  from 
the  corrosion  point  of  view,  in  keeping  low  condenser  tem- 
peratures, and  bearing  in  mind  that  any  obstruction  in  ti  e 
tubes  reduces  the  flow  of  water  and  hence  raises  the  tem- 
perature of  the  tube,  the  instruction  is  justified  bv  this 
further  consideration.  In  addition,  a  single  line  of  flow  for 
coiulensing  water  is  pointed  out  as  beneficial,  and  all  these 
recommendations  are  worth  bearing  in  mind  and  applvii", 
as  far  as  practicable  ；  but  where  high  powers  have  to  be 
squeezed  into  the  minimum  of  space,  as  in  warships,  we  can- 
not insist  on  such  considerations,  and  are  often  thankful  to 
be  able  to  get  reliable  machinery  at  all  in  the  space  allowed. 
At  one  period  the  failure  of  condenser  tubes,  especially  due 
to  splitting,  was  so  frequent  and  important  that  it  reallv 
became  a  serious  menace  to  the  efficiency  of  the  Fleet,  and 
the  engineering  branch  of   the   Admiralty  were  naturally 
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much  pressed  by  their  lordships  to  remove  this  serious  cause 
of  inefficiency  ；  but  a  knowledge  of  the  history  of  n 川 (":nser 
tubes  in  H.M.  Fleet  at  that  time  shows  that  everything  prac- 
ticable had  been  done  according  to  the  information  available. 
It  therefore  became  necessary  for  the  stringency  of  tlie  speci- 
fication to  be  increased  and  the  inspection  of  Admiralty  over- 
seers to  be  made  more  strict  to  eliminate  defective  tubes, 
both  during  manufacture  and  after  delivery. 

As  the  condenser  tube  has  bulked  so  largely  in  the  report 
of  the  Institute's  Corrosion  Committee,  I  propose  now  to  give 
a  brief  account  of  the  development  of  these  tests  and  condi- 
tions during  the  last  25  years,  and  have  referred  to  a  few  of 
the  opinions  which  the  tube  makers  have  been  good  enough 
to  favour  the  Admiralty  with,  this  infonnation  being  given 
in  the  hope  that  it  will  be  of  interest  to  varioas  makers  iii 
comparing  notes  of  their  competitors'  opinions,  and  also  of 
advantage  to  the  Institute  generally.  A  complete  account 
the  very  large  number  of  suggestions  and  opinions  of  tube- 
makers  made  in  response  to  Admiralty  enquiry  would,  I  feel 
sure,  be  of  interest  and  value,  but  the  limits  of  a  presidential 
address  will  not  permit  this.  Prior  to  1890  the  condenser 
tubes  in  the  Navy  were  made  of  the  70-copper  30-zinc  com- 
position ； but  owing  to  repeated  failures  of  condenser  tubes 
in  the  Fleet,  the  Admiralty  specification  was  in  that  year 
revised,  and  the  alloy  altered  by  adding  1  per  cent,  of  tiv 
in  lieu  of  1  per  cent,  of  zinc,  the  revised  composition  being 
70  per  cent,  copper,  29  per  cent,  zinc,  1  per  cent.  tin.  An 
effort  also  was  made,  even  so  long  ago,  to  introduce  a  flatten- 
ing test  ；  but  it  was  not  embodied,  owing  to  opposition  on 
the  part  of  the  makers,  and,  instead,  heating  and  jarring 
tests  were  introduced.  In  1891  the  quality  of  the  copper 
used  was  specified  to  be  not  less  than  99  3  per  cent,  pure, 
while  a  little  later  tubes  which  were  too  soft  were  guarded 
against  by  a  clause  specifying  that  they  should  be  stiff  enough 
to  stand  a  packing  being  screwed  up  tight  enough 
to  hold  301bs.  pressure  of  water.  The  specification  was  next 
amended  so  as  to  require  tubes  drawn  from  billets  to  be 
accurately  bored  and  turned  before  being  subjected  to  the 
final  draws.  It  was  found  that  in  making  the  shells  from 
which  tubes  were  drawn,  the  bore  was  frequently  eccentric, 
and  often  excessively  so,  and  therefore  the  finished  tubes  were 
often  thin  on  one  side,  although  the  total  weight  per  foot 
was  correct. 

The  defect  of  splitting  became  very  common  with  the 
development  of  torpedo-boat  destroyer  machinery,  and  iu 
1900  the  tube  makers  were  asked  several  questions  by  the 
Admiralty,  among  them  being :  (1)  Whether  boring  and 
turning  the  shells  before  drawing  would  facilitate  the  rejec- 
tion of  those  which  may  produce  tubes  likely  to  develop  split- 
ting ？  (2)  Whether  any  alteration  of  the  alloy  was  con- 
sidered to  be  desirable,  or  whether  the  splitting  might  be 
due  to  impurities  introduced  with  either  of  the  elements 
employed  ？  As  regards  1，  the  replies  indicated  that  some 
firms  thought  that  boring  might  be  advantageous,  but  the 
general  opinion  was  against  both  boring  and  turning.  As 
regards  2，  no  alteration  of  the  alloy  was  suggested,  except 
by  one  firm,  who  thought  1  per  cent,  of  tin  was  a  disadvan- 
tage, and  that  an  alloy  of  2  copper  to  1  zinc  would  render 
splitting  less  frequent  ；  while  another  represented  that  split- 
ting must  not  be  attributed  to  impurities  in  the  metal. 

In  1901  some  important  tests  were  introduced  ；  among 
others  :  (1)  A  flattening  test  to  one-half  the  original  diameter 
without  previous  annealing.  (2)  Heating  to  a  dull  red  heat 
without  splitting.  (3)  Selected  tubes  to  be  sawn  through 
and  examined  for  internal  defects.  (4)  The  tubes  should 
be  drawn  on  a  mandrel.  The  flattening  test  proved  to  be 
the  most  important  addition,  and  produced  a  great  stir 
among  the  tube-makers  wlien  the  results  became  known,  and 
rejections  were  connnon.  Representations  were  made  to 
the  Admiralty  by  the  tube-makers  concerning  tlie  Hattening 
test,  with  the  result  that  after  much  consider  ition  a  lotter 
was  issued  to  the  makers  informing  them  that  this  test  would 
not  be  enforced  at  present,  as  far  as  rejection  was  concerned, 
but  would  be  continued  to  be  made  for  Adniiraltv  informa- 
tion. Iii  acknowledging  receipt  of  this  letter,  however,  one 
firm  stated  that  they  were  strongly  in  favour  of  this  test, 
" which  we  consider  to  be  both  proper  and  desirable  in  order 
to  ensure  freedom  fro:n  splitting  when  the  tubes  are  in  use." 


In  1902  the  condenser-tube  makers  were  again  asked  to 
suggest  alterations  to  tlie  specifirration  with  a  view  to  obviat- 
ing splitting,  pitting,  &c.  They  were  asked  to  remark,  amon^ 
other  matters  ：  ( 1)  As  regards  any  alteration  proposed  in  the 
alloy.  (2)  On  the  tests  then  specified,  and  with  regard  to 
the  flattening  test  tlieii  in  aheyance,  whether  a  hulgi"g  or  a 
flattening  test  was  preferred.  (3)  Whether  they  could 
supply  tubes  having  a  diameter  within  narrow-gauge  limit 
As  regards  1，  firms  either  considered  the  specified  alloy  、mt 
able,  suggested  mercantile  marine  practice  (70 : 30  alloy)  ；  or 
(a)  One  firm  suggested  60:39:1  alloy,  and  offered  to  make 
tubes  of  this  alloy,  Init  later  withdrew  the  suggestion.  They 
also  suggested  1  to  2  per  cent,  of  manganese  in  lieu  of  tin. 
(/>)  Others  suggested  their  various  special  tubes,  but  did  not 
bring  any  proof  that  tliey  would  be  superior  to  the  Admiralty 
alloy.  As  regards  3，  the  firms  could  work  to  a  margin  rani: 
ing  from  0'003in.  to  0'Olin.  With  regard  to  2,  most  firms 
preferred  flattening  to  bulging,  but  one  firm  preferred 
neither,  stating  that  flattening  and  bulging  tests  encouraged 
the  making  of  tubes  of  a  semi-soft  nature  and  of  unequal 
densities  throughout.  The  great  majority  of  firms,  after  a 
short  time,  adopted  more  or  less  the  Admiralty  view,  the 
use  of  electrolytic  copper  becoming  more  common,  and  the 
purest  qualities  of  zinc  and  tin  commercially  obtainable  being 
used. 

In  1904  there  was  another  revision  of  the  specification, 
after  personal  visits  to  the  firms  by  Admiralty  overseers.  Tlie 
following  stipulations,  amongst  others,  were  introduced  ：  (1) 
The  amount  turned  off  and  bored  out  of  billets  for  condenser 
tubes  should  be  sufficient  to  remove  all  surface  imperfections. 
(2)  The  external  diameter  of  the  tubes  to  have  a  limiting 
variation  of  0'005in.  (3)  The  flattening  test  was  reintroduced, 
|in.  tubes  to  be  reduced  to  iin.  All  tubes  to  be  left  'Jin. 
longer  than  the  required  length,  so  that  every  tube  could  be 
tested .  There  was  some  opposition  to  these  new  provisions, 
the  principal  difficulty  being  as  regards  the  boring  and 
turning  conditions,  which,  however,  were  retained. 

A  Machinery  Designs  Committee  was  at  that  time  in 
existence  at  the  Admiralty,  consisting  principally  of  engineers 
outside  the  naval  service,  and  they  recommended  that  the 
Admiralty  should  define  the  extent  of  the  final  draw  in  the 
manufacture  of  condenser  tubes,  and  a  letter  was  addressed  in 
1905  to  four  of  the  principal  tube  makers  asking  their  opinion 
on  this  matter.  At  the  same  time  they  were  also  asked  their 
opinion  as  to  the  exclusion  of  "  scrap."  In  their  replies  the 
firms  were  all  in  favour  of  clean  "  scrap,"  and  gave  their  list 
of  draws.  One  expressed  the  opinion  that  the  material  used 
was  far  more  important  than  the  number  of  draws,  and  asked 
that  the  original  flattening  test  should  be  reintroduced  (/  .'  ., 
flattening  to  half  the  original  diameter).  All  the  firms  were 
again  consulted  in  1906  as  regards  the  advisability 
of  specifying :  (1)  The  draws  of  the  last  but  one 
and  last  tubes,  together  with  tho  dimensions  at  each 
stage.  (2)  The  amount  bored  out  of  the  castings 
to  be  not  less  than  ^in.  diam.  (3)  The  copper  used  to 
assay  not  less  than  99  7  per  cent.  pure.  (4)  Scrap  not 
exceeding  20  per  cent,  may  be  used,  providing  it  is  strictly 
limited  to  the  ends  cut  from  tubes  during  manufacture.  (5) 
The  flattening  test  to  be  applied  to  either  end  of  the  tubes, 
and  the  diameter  of  gin.  tubes  to  be  flattened  to  ^in.  The 
replies  of  the  various  firms  were  as  follow  :  Only  one  firm 
objected  to  the  limitation  of  scrap.  Three  firms  objected  to  the 
draws  specified.  Three  others  were  prepared  to  accept  all  the 
tests  and  requirements.  Two  others  considered  the  puritv  of 
the  copper  required  was  too  strict,  and  suggested  99' 5  per 
cent.  ；  while  another  considered  99  7  per  cent  copper  a  mistake, 
as  it  would  involve  the  use  of  electrolytic  copper,  which  they 
deprecated.  One  firm  objected  to  the  amount  bored  out  ； 
while  another  considered  ^in.  was  too  much,  and  that  j^in. 
would  be  sufficient  ；  and,  lastly,  one  objected  to  tm'nini:  tlie 
castings,  but  agreed  that  boring  was  beneficial,  and  also  agreed 
with  the  purity  of  the  copper  required,  and  were  prepared  to 
agree  to  the  draws  specified,  but  considered  that  variation  of 
hardness  would  result. 

After  considering  these  replies  it  was  decided  not  to 
specify  anything  concerning  the  drawing  of  the  tubes,  and  a 
specification  for  condenser  tubes  was  issued  in  1906，  which 
included  the  following  ：  (1)  The  copper  to  assay  not  less  than 
99*6  per  cent.  (2)  Scrap  to  be  limited  to  ends  removed  from 
process  tubes,  and  not  to  exceed   20   per  cent.     (3)  Total 
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impurities  not  to  exceed  0*625  per  cent.  (4)  The  amount  bored 
out  of  castiings  to  be  not  less  than  ]in.  of  diameter.  This 
revised  specification  has  held  good  to  the  present  date,  with 
the  addition  that  electrolytic  copper  may  be  used,  and  its 
success,  when  coupled  with  some  improvements  in  condenser 
construction,  has  well  repaid  the  time  devoted  to  this 
important  matter. 

In  1908-9  many  cases  of  split  tubes  occurred  in  a  new 
battleship's  condensers,  and  a  suggestion  was  made  to  the 
Admiralty  that  a  tensile  test  should  be  made  instead  of  a 
flattening  test.  At  this  time  it  was  desired  to  take  the  views 
of  the  tube  makers  on  some  other  points  ；  this  proposal  was 
included  in  the  reference.  The  eight  principal  tube  makers 
were  therefore  referred  to  in  1910，  and  they  were  also  asked, 
among  other  things,  whether  they  would  propose  any  modi- 
fication in  the  method  of  carrying  out  the  specified  flattening 
test.  The  replies  indicated  that  three  of  the  firms  had  no 
objection  to  a  tensile  test  if  applied  to  1  per  cent,  of  the  tubes, 
but  all  the  remainder  were  strongly  in  favour  of  the  flattening 
test  being  retained,  but  made  various  suggestions  for  making 
the  test  with  lever  presses  or  drop  hammers  instead  of  the 
hand  hammer.  In  the  words  of  one  firm,  it  would  be  a  great 
mistake  to  do  away  with  the  flattening  test,  which  is  an 
excellent  proof  of  proper  alloying."  This  firm  further  stated 
that  the  present  specified  impurities  allowed ― viz.,  0*625  per 
cent. ― might  with  advantage  be  reduced  by  one  half.  From 
the  above  it  appears  that  the  majority  of  the  firms  were  in 
favour  of  the  flattening  test,  and  the  Admiralty  saw  no  reason 
for  abandoning  it. 

It  may  be  asked,  what  has  been  the  practical  result  of 
these  efforts  on  the  part  of  the  Admiralty  and  their  tube- 
making  collaborators  ？  My  opinion  is  that  the  most  beneficial 
action  taken  by  the  Admiralty  during  recent  years  is  tlie 
practice,  adopted  in  1904,  by  which  a  test-piece  was  allowed 
for  on  each  tube  for  the  flattening  test,  a  small  piece  being  left 
on  extra  to  the  proper  length,  these  pieces  being  sawn  almost 
t  lirough,  but  not  detached  from  the  tube,  and  subsequently 
removed. 

It  is  impossible  to  give  the  number  of  failures  on  service  in 
the  Fleet  in  detail,  except  in  recent  years.  The  earlier  failures 
were  very  numerous.  The  following  detailed  figures  are 
available  as  evidence  that  they  have  been  reduced  to  more 
satisfactory  proportions.  In  the  year  1908，  when  the  approxi- 
mate number  of  condenser  tubes  at  work  at  sea  in  the  Britsli 
Fleet  was  2,500,000,  the  number  of  failures  of  tubes  occurring 
on  service  and  reported  were :  Splitting,  21  ；  corrosion  and 
perforation,  69;  total,  90;  or  at  the  rate  of  1  in  28,000  per 
annum.  During  the  next  five  years  there  was  a  very  con- 
siderable addition  of  new  condenser  tubes  in  the  ships  added 
to  the  Fleet,  owing  to  the  great  increase  in  horse-power  of 
modern  ships,  also  a  considerable  number  of  old  tubes  passed 
out  of  service.  In  the  year  1913  the  number  of  condenser 
tubes  at  work  in  the  British  Fleet  was  approximately 
3,800,000,  and  the  total  failure  of  tubes  during  the  two  years 
1912  and  1913  were  ：  Splitting,  16  ；  corrosion  and  perforation, 
115;  total,  131，  or  at  the  rate  of  1  in  60,000  per  annum 一— a 
very  substantial  reduction.  A  further  point  is,  that  of  this 
proportion  of  1  in  60,000,  the  majority  are  probably  the  older 
tubes  which  have  been  made  under  early  specifications,  and 
which  have  not  had  the  present  stringent  regulations  as 
regards  treatment  during  manufacture  and  inspection  applied 
to  them.  As  these  older  ships  and  tubes  fall  out  of  service, 
the  proportion  of  tubes  which  fail  may  be  expected  to  be  less 
even  than  this  small  figure.  The  ideal  to  work  for  is  to  reduce 
the  failures  to  zero,  but  beyond  a  certain  point  further  tests, 
restrictions,  and  additional  precautions,  both  in  treatment 
when  at  work  and  during  manufacture,  become  so  expensive 
as  to  be  not  worth  the  cost  involved,  in  which  case  we  must  be 
satisfied  with  the  success  already  achieved. 

In  view  of  the  number  of  failures  of  condenser  tubes 
caused  by  corrosion  and  perforation  by  salt  water  where  the 
circulating  water  passes  through  the  tubes,  close  attention  has 
been  recently  given  to  endeavours  to  eliminate  the  causes  of 
these  perforations.  An  incipient  cause  of  some  of  the  cases 
appears  to  be  the  existence  of  original  flaws  or  breakages  of 
the  inside  surface  of  the  tube,  and  to  endeavour  to  eliminate 
such  tubes  the  Admiralty  have  recently  required  a  rigid 
internal  examination.  The  result  of  this  internal  sighting  has 
been  to  indicate  defects  in  the  tubes,  and  such  tubes,  on  being 


cut  up,  】iave，  in  a  large  number  of  cases,  revealed  i"i  per- 
fections such  as  to  justify  their  rejection  and  which,  if  Uiese 
tubes  had  been  fitted  in  place,  would  probably  have  caused 
early  perforation. 


ROOTS'  TWO-STROKE  CYCLE  OIL  ENGINE. 

A  patent  recently  granted  to  Mr.  James  D.  Roots,  of  58, 
Avonmore  Road,  West  Kensington,  London,  W.，  relates  to 
a  new  cycle  of  operations  in  oil  engines  and  to  the  means 
for  carrying  the  new  cycle  of  operations  into  effect.  In 
internal-combustion  engines  as  hitherto  made,  a  large  amount 
of  heat  has  been  wasted  in  the  exhaust,  and  it  is  this  heat 
which  the  inventor  proposes  to  make  available  in  the  new 
cycle  of  operations.  The  cycle  is  adapted  to,  or  usable  with, 
a  two-stroke  internal-combustion  engine  of  the  usual  kind, 
hut  it  is  particularly  applicable  to  engines  in  which  the  fuel 
is  injected  into  the  cylinder  at  or  about  inaximurn  compres- 
sion of  the  air  charge,  the  type  of  engine  usually  called  the 
Diesel,  or  the  semi-Diesel. 

The  accompanying  illustration,  which  is  to  a  certain 
extent  diagrammatic,  shows  a  sectional  vertical  elevation  of 


Roots'  Two- stroke . Cycle  Oil  Engine. 

a  two-stroke  engine.  A  is  the  internal-combustion  cylinder, 
B  its  working  piston ,  C  is  the  inlet  port  for  scavenging  air 
which  may  be  delivered  thereto  from  the  crank  chamber  or 
from  a  separate  pump.  The  internal-combustion  cylinders 
are  arranged  in  similar  pairs,  only  one  of  which  is  shown. 
The  other  working  cylinder  is  like  the  cylinder  A  formed 
with  its  lower  end  R  of  larger  diameter.  Tlie  working  piston 
B  lias  a  lower  trunk  end  of  larger  diameter  U,  working  in 
the  cylinder  of  larger  diameter  R,  having  the  annular  pu nip 
space  S.  The  duplicate  cylinder  and  piston  partly  shown 
in  the  drawings  resemble  those  shown  at  A  and  B  in  all 
respects  except  that  the  piston  is  connected  to  a  crank  pin 
at  180°  from  the  others,  and  consequently  the  pump  or  annu- 
lar space  S  is  at  the  top  of  its  stroke,  and  in  a  position  to 
deliver  its  charge  of  scavenging  air  to  tlie  port  C，  when  the 
piston  B  is  at  the  bottom  of  its  stroke.  In  this  position  the 
exhaust  port  D  is  fully  open.  The  internal-combustion 
engine  cylinder,  working  piston ,  connection  to  crank,  and 
means  for  injecting  fuel,  are  all  of  known  construction.  Each 
annular  pump  chamber  serves  to  deliver  scavenging  air  to 
the  next  or  adjacent  working  cylinder.    The  annular  pump 
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piston  U  serves  to  deliver  scavenging  air  to  its  next  internal 
combustion  cylinder. 

The  steam-gas  cylinder  E  is  placed  alongside  and  im- 
mediately adjacent  the  combustion  cylinder  A  and  the  inlet 
W  to  the  cylinder  E  is  a  continuation  of  the  exhaust  pm't 
1)  of  the  cylinder  A.  The  piston  F  of  the  steam-gas  cylinder 
E  is  formed  with  a  similar  deflecting  or  directing  device  X 
to  direct  the  gases  upwardly  in  the  cylinder  E,  as  in  the 
combustion  cylinder  A.  The  injection  valve  G  for  water 
may  be  of  a  similar  kind  to  the  liquid  fuel  injection  valve  T 
in  the  combustion  cylinder,  but  adapted  to  deliver  a  larger 
volume  of  water,  and  this  water  is  supplied  from  the  jacket 
V  of  the  combustion  cylinder.  The  water  injection  valve 
is  operated  in  a  similar  manner,  and  from  Hie  saint- 
shaft  as  the  fuel  injection  valve  and  approximately  at  the 
same  time.  The  scavenging  air  is  delivered  to  the  port  C 
at  a  slightly  higher  pressure  and  in  rather  greater  volume 
than  hitherto,  so  that  the  waste  gases  in  the  cylinder  A  are 
transferred,  when  the  exhaust  port  D  is  opened,  by  the  inlet 
port  W  to  the  cylinder  E，  completely  displacing  the  steam 
and  gases  of  the  previous  stroke  through  the  exhaust  port 
11  of  the  cylinder  E.  The  two  pistons  move  upwardly  to- 
gether, the  operations  in  the  cylinder  A  are  as  usual  in  the 
Diesel  engine.  The  waste  gases  in  the  cylinder  E  are  cot"- 
pressed  to  a  similar  pressure  to  that  in  the  cylinder  A，  and 
near  the  dead  point  of  the  stroke,  neat  maximum  compres- 
sion, the  water  injection  valve  is  lifted  and  the  necessary 
quantity  of  water  is  injected  into  the  cylinder.  The  heat 
of  the  gases  plus  that  of  the  compression  flashes  this  water 
into  steam.  A  working  down  stroke  is  thus  performed  in 
both  cylinders  simultaneously.  On  the  piston  F  uncovering 
the  exhaust  port  H  the  steam  and  gases  pass  through  the 
port,  and  this  is  iinmediately  followed  by  the  ejection  of  the 
remaining  steam  gases  by  the  delivery  of  the  exhaust  gases 
irotn  the  adjacent  combustion  cylinder,  wlien  the  cycle 
recoiiunences. 

THE  STRENGTH  OF  WIRE  ROPE. 

The  results  of  an  investigation  of  the  strength  and  durability 
of  wire  rope  made  by  Prof.  G.  Benoit  at  the  technical  high 
school  at  Karlsruhe  are  recorded  in  a  recent  issue  of 
" Gliickauf."  The  experiments  were  made  with  a  patented 
cast-steel  wire,  1  riirn.  diam.,  which  showed  a  strength 
of  247,O001bs.  to  255,0001bs.  per  square  inch,  with  227,0001bs. 
per  square  inch  guaranteed.  The  wire  was  tested  singly  and 
also  twisted  to  a  strand  of  seven  wires,  3*1  mm.  diani., 
there  being  six  steel  wires  and  a  core  of  a  softer  wire  of  a 
strength  of  about  122,0001bs.  per  square  inch.  This  rope 
withstood  a  pull  of  l，7701bs.  The  soft  core  did  not  break  but 
stretched  considerably.  Three  of  the  strands  were  then  com- 
bined to  form  a  rope  of  6' 8  mm.  diam.  and  five  to  form  a  rope 
of  8'5  mm.  diam.,  the  latter  with  a  hemp  core.  The  wires  and 
ropes  were  bent  over  a  pulley  tlirough  an  angle  of  about  90° 
at  the  rate  of  1,000  turns  per  hour,  the  turn  meaning  the 
bending  of  the  wire  from  the  straight  and  then  back  to  the 
straight  again.  The  stress  to  which  the  wire  under  test  was 
generally  subjected  was  ll，2001bs.  per  square  inch.  The 
•single  wires  stood  198,710  bends  ；  the  twisted  strand  had 
one  or  two  wires  broken  after  44,800  and  47,190  bends.  The 
first  experiment  was  made  with  a  pulley  6|in.  diam.,  and 
a  larger  pulley  was  then  substituted,  7 Jin.  diam.  On  this 
the  single  wire  stood  122,000  to  200,000  bends  ；  the  twisted 
strand  showed  breaks  in  three  wires  after  40,860  bends.  The 
cable  of  three  ropes  had  one  wire  broken  after  22,860  bends, 
and  is  said  to  have  been  destroyed  after  36,440  bends.  The 
five-rope  wire  began  to  fail  after  35,000  bends  and  was  given 
up  after  40,000  bends.  The  conclusions  so  far  seem  to  indi- 
cate that  twisting  leaves  considerable  strains  in  the  wire 
rope  and  especially  in  those  of  high-class  steel. 


The  Junior  Institution  of  Engineers  ：  North-Western  Section.  —A 

meeting  of  this  section  of  the  Ju  nior  Institution  of  Engi ihhts 
was  held  at  the  School  of  Technology,  Manchester,  on  Maivh 
20th.,  at  which  Mr.  W.  A.  Tookey,  M.I.Mech.E.,  M.I.A.E., 
of  London,  read  an  interesting  paper  on  "  Some  Practical 
Notes  on  the  Running  of  Gas  Engines  and  of  Gas  Producers." 
An  abstract  of  this  paper  is  given  on  another  page  of  this 
issue. 


SUN  POWER  PLANT. 

IIY  FKANK  bHUMAN. 

TiiKliK  have  heen  many  intermittent,  effort s  to  utilise  >un 
power  in  the  past,  but  generally  hy  isolated  inventors  who 
have  never  been  able  to  go  far  enou^li  t o  n<^-<)\\\\>\'\s\\  results 
from  which  industrial  data  could  be  gathered.  The  S')l;ir 
Constant  (or  the  amount  of  heat  thrown  by  the  sun  on  a 
given  surface)  has  been  many  times  detennined  by  s<  i"i"iM、. 
The  latest  cleterniinaiioiis  sliow  that  the  heat  received  on  ； i 
square  centiinet  re  of  surf""',  above  t  hit  at  [iio-jdicre  of  t  lie 
earth,  is  equal  to  1  '93  small  calories  per  rriinule.  Tliis 
transformed  into  B.Th.U's.  would  equal  71'」  JMMi . U  >.  |>'-r 
square  foot.  Before  this  amount  of  heat  reaches  the  earth 
where  it  can  be  utilised,  it  must  pass  through  the  airnosplH-rc 
The  atmosphere  absorbs  a  greater  or  a  lessor  aniount  of  tli 卜 
heat,  according  to  its  condition .  It  t  lie  air  is  clear  and  tlrv， 
considerably  less  is  absorbed  than  if  the  air  is  Iwie'l  witli 
water  vapour  and  microscopic  dust.  This  is  a  reason  why  for 
sun  power  we  must  go  to  those  places  in  the  T ro|>i<-s  、vli('n' 
dry  and  clear  air  obtains. 

Unless  sun  power  can  be  utilised  profitably,  there  is  of 
course  no  incentive  to  spend  work  and  money  upon  it . 
Therefore,  the  question  of ― "  pounds,  shillings,  and  pence  "- 
is  the  all-importaut  one.  As  our  fuel  costs  absolutely 
nothing,  the  question  of  mechanical  efficiency  does  not  enter 
into  the  matter.  It  is  a  question  altogether  of  t  In-  <  ost  o\'  t  In* 
construction,  upkeep,  and  】al)our.  If  t  he  <-ost  of  const  rurt  ion 
of  the  sun  power  plant  is  so  high  that  the  interest  on  Hi'' 
extra  investment  (above  the  cost  of  a  steam  plant  of  equal 
capacity)  will  be  so  great  that  it  cannot  compete  with  coal ― 
even  at  the  point  where  coal  is  very  costly ― then  there  will 
be  no  incentive  to  go  further.  If  a  sun  power  plant  caunot 
be  so  constructed  that  an  ordinary  engineer  can  run  it;  and 
that  its  wear  and  tear  will  be  reasonable,  and  further,  thai 
excessive  labour  will  not  be  required  to  handle  it,  then  there 
is  also  nothing  in  it.  These  are  the  important  factors  to 
consider,  and  therefore  it  is  necessary  for  me  to  give  defmitelv 
the  cost  of  the  construction,  maintenance,  and  labour,  and  to 
show  definitely  that  sun  power  can  be  profitably  produced 
throughout  the  vast  areas  in  the  Tropics  where  coal  is  v('rv 
expensive. 

I  am  told  that  all  of  the  coal  mined  and  oil  produced 
throughout  the  entire  world  during  the  year  1909  would  be 
represented  by  270  million  horse-power  operating  for  24  hours 
per  day  throughout  the  year.  Assuming  that  sun  powor 
shall  produce  an  equivalent  amount,  and  basing  our  figures 
on  the  actual  results  already  obtained  by  the  plant  at  ('； ur". 
then  it  will  be  only  necessary  for  us  to  plant  a  square  of 
143  miles  or  20,449  square  miles  of  surface  near  the  Equator 
with  sun  heat  absorbers,  spaced  as  wide  apart  as  they  are  in 
the  Cairo  plant.  Sun  power  plants  need  not  compete  with 
coal  for  the  present  at  any  of  those  tropical  places  near  t  lu- 
coast  where  coal  is  reasonably  cheap.  At  present  we  must 
confine  our  work  to  where  the  sun  is  at  its  best,  and  where 
coal  is  from  £3  sterling  even  up  to  £8  sterling  per  (on. 
These  prices  of  coal  obtain  through  verv  large  areas  in  ihv 
inland  Tropics ― areas,  which,  given  plenty  of  ineohaiiir;W 
power  for  irrigation,  can  be  made  to  support  large 
populations. 

We  started  into  the  work  of  utilising  sun  power  about 
seven  years  ago.  Our  work  was  first  devoted  to  the  deter- 
mination of  the  amounts  of  heat  obtainable  from  the  sun 
which  could  be  practically  utilised.  The  first  apparatus  for 
determining  this  was  a  little  -'  Hot  Box  "  containing  ether  in 
which  the  number  of  heat  units  which  could  be  caught  on  a 
given  surface  were  determined.  The  next  was  a  small 
apparatus  of  about  i  h.p.,  also  running  with  ether.  Then  a 
considerably  larger  one  of  3A  h.p.  The  reason  that  ether  was 
used  in  all  these  preliminary  experiments  was  that  high 
pressure  could  be  produced  at  fairly  low  temperatures.  \V,' 
knew,  however,  that  ether  as  a  means  of  converting  heat  into 
power  was  an  inefficient  fluid,  and  impracticable  on  a  lar^e 
scale,  and  therefore  soon  dropped  it.  We  then  constructed  a 
whole  series  of  various  heat  absorbers  for  generating  low- 
pressure  steam  from  water.  These  experimental  absorbers 
finally  resulted  in  the  construction  of  a  fair-sized  sun  power 

*  Al>straofc  of  ，、i"uu'  vend  l>efoiv  tlie  MKn»  in*stor  Associft"on  of  Fni:mt»er^. 
M'm'h  lltli.  1014. 
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plant  at  Philadelphia,  which  generated  a  maximum  of  32  h.p. 
at  mid -day,  with  an  average  of  about  14  h.p.  throughout 
eight  hours  of  the  day.  From  the  experience  gained  in 
running  this  plant  for  one  season,  aided  by  the  advice  of 
Prof.  C.  V.  Boys,  of  London,  we  constructed  the  sun  power 
plant  now  in  operation  at  Meadi,  a  suburb  of  Cairo,  Egypt. 

Steam  can  be  generated  from  the  sun's  rays  from  water  in 
a  flat  vessel  painted  a  dull  black,  covered  with  two  panes  of 
ordinary  window  glass  with  an  air  space  between,  and  pro- 
tected against  loss  of  heat  by  conduction  and  convection  on 
the  bottom ;  sides,  and  ends,  leaving  only  the  glass  top  fully 
exposed  to  the  sunlight.  We  made  many  determinations  of 
the  amount  of  steam  which  could  be  produced  in  this  manner, 
but  found  that  in  order  to'  intercept  a  given  area  of  sunlight 
in  this  way  would  cost  considerably  more  than  if  we  inter- 
cepted the  sunlight  by  properly  placed  mirrors  and  we 
concentrated  several  square  feet  of  sunlight  on  one  square 
foot  of  boiler.  Therefore  our  present  plant  at  Cairo  has  five 
concentrations  of  sunshine  by  means  of  mirrors  upon  a 
centrally  located  boiler.  No  matter  what  kind  of  heat 
absorber  was  used,  it  must  be  turned  to  face  the  sun  at  all 
times  throughout  the  day.  To  find  a  method  of  doing  this  in 
a  simple  and  practicable  way  took  much  time  and  thought. 
The  sun  power  plant  was  erected  at  Cairo  because  it  was  the 
nearest  place  to  the  Tropics  easily  accessible,  though  Cairo  is 
by  no  means  yet  the  ideal  position  for  a  sun  power  plant,  as 
it  is  30°  N.，  and  therefore  the  sun  hits  at  a  lower  angle  than 
it  would  further  south.  The  Equator,  of  course,  would  be 
the  ideal  position  for  sun  power  plants,  but  up  to'  20°  N.  and 
20°  S.  sun  power  is  quite  satisfactory.  In  fact,  even  at  Cairo, 
good  profitable  work  can  be  done  by  sun  power  plants. 

Experience  lias  shown  us  that  low-pressure  steam  used  at 
atmospheric  pressure  (14'71bs.  absolute)  gives  the  greatest 
return  in  power  per  pound  sterling  invested.  If  we 
attempted  to  generate  high-pressure  steam  we  could  easily  do 
this  by  means  of  the  sun's  rays,  even  up  to  5001bs.  to  the 
square  inch.  This,  of  course,  would  give  us  very  high  engine 
efficiencies,  but,  on  the  other  hand,  we  would  lose  much  more 
than  we  gain  because,  on  account  of  the  higher  temperatures 
of  the  boilers,  the  losses  by  conduction  and  convection  into 
the  atmosphere  would  greatly  increase.  Also  the  cost  of 
constructing  the  boilers  owing  to  the  strength  of  metal 
required  would  greatly  increase,  and,  as  stated  before,  the 
cost  per  foot  pound  of  energy  produced  is  the  deciding  factor. 
The  engine  is  a  special  low-pressure  engine  designed  by  me  to 
utilise  low-pressure  steam  to  the  highest  advantage,  and  this 
engine  will  give  a  brake  horse-power  with  221bs.  of  atmos- 
pheric steam .  The  pump  in  the  case  of  the  plant  mentioned 
is  a  reciprocating  pump,  but,  of  course,  any  sort  of  pump 
could  have  been  used.  On  larger  plants,  I  should  use  the 
low-pressure  steam  turbines. 

Steam  produced  by  the  sun's  rays  is  exactly  the  same  as 
that  produced  by  burning  coal.  The  steam  is  generated  in 
the  sun  heat  absorbers,  five  in  number,  which  are  each 
13ft.  4in.  wide  at  the  top,  and  204ft.  long  approximate 
parabolic  troughs  for  catching  the  sun's  iays，  and  concen- 
trating them  upon  the  boiler  swung  at  the  focal  point.  The 
heat  absorbers  are  placed  about  25ft.  apart  in  the  clear,  so 
that  they  will  not  shade  each  other  when  the  sun  is  low  in  the 
morning  and  late  afternoon.  Their  axes  point  north  and 
south  as  does  that  of  the  earth,  and  they  turn  from  east  to 
west  on  their  axes  to  face  the  sun.  The  mirrors  are  set  in  a 
light-steel  framework,  each  one  at  the  proper  angle  to  throw 
the  light  upon  the  boiler,  and  consists  of  ordinary  sheets  of 
tliird-quality  window  glass  about  ^in.  thick,  silvered  on  one 
side,  and  the  silvering  protected  in  the  proper  manner  from 
the  atmosphere.  At  the  focal  point  of  all  of  the  light  rays 
there  hangs  in  the  present  plant  a  cast-iron  boiler,  which  is 
tubular  at  the  top  and  flat  at  the  bottom  where  the  water 
space  is.  This  boiler  is  15in.  high,  and  it  is  hung  on  light 
rods  in  such  a  manner  that  the  expansion  and  contraction 
will  not  interfere  with  it.  These  heat  absorbers  are  set  on 
crescents,  which  roll  in  a  system  of  small  rollers.  Racks  and 
pinions  are  provided  for  turning  the  sun  heat  absorbers  from 
a  low  eastern  aspect  in  the  morning  to  a  low  western  aspect  in 
the  evening.  The  heat  absorbers  are  turned  by  the  engine 
by  the  ordinary  shaft  drive  and  friction  clutch.  An  adapta- 
tion of  the  thermostat  throws  this  friction  clutch  in  and  out. 
The  thermostat  is  located  right  under  the  boiler.  As  long  as 
the  thermostat  is  in  the  shade,  this  means  that  the  heater 


is  pointing  correctly  at  the  sun.  When  the  sun  moves  ahead 
a  little,  and  the  edge  of  the  sunlight  strikes  the  thermostat,  it 
immediately  throws  the  small  friction  clutch  in  and  then  the 
heat  absorber  turns  westward  a  fraction  of  an  inch  or  so. 
As  soon  as  the  thermostat  is  again  in  the  shade  the  clutch  is 
released,  and  the  sun  heat  absorbers  stand  still.  In  this  way 
by  short  intermittences  the  heat  absorbers  are  always  kept 
facing  the  sun  throughout  its  course  during  the  entire  day. 
The  thermostat  acts  very  satisfactorily. 

In  the  morning ― according  to  the  degree  of  latitude ― the 
heater  will  start  to  make  steam.  At  Cairo  it  would  start  to 
make  steam  in  midsummer  at  7-30  o'clock,  and  will  make 
steam  in  quickly  increasing  quantities  until  the  maximiun 
would  be  arrived  at  between  10  and  2  o'clock.  Then  the 
amount  would  gradually  decrease  until  5-30  in  the  evening. 
Tests  of  the  steam-producing  capacity  of  this  heater,  made 
by  Mr.  A.  S.  E.  Ackermann,  of  London,  show  that  the 
average  production  would  be  1 ,1001bs.  per  hour  of  151bs. 
(absolute  pressure)  steam  for  a  10-hour  day.  In  other  words, 
the  plant  at  Cairo  is  capable  of  giving  on  an  average  50  b. h.p. 
This  same  plant  located  1,000  miles  or  so  further  south, 
should  give  about  65  b. h.p.  The  steam  in  the  boiler  is  pro- 
duced at  practically  atmosphere,  although  the  engine  will 
do  good  work  when  the  steam  is  at  considerably  lower 
pressure.  For  instance,  if  a  cloud  passes  over  the  sun  for, 
say,  10  minutes,  then  the  engine  draws  on  the  reserve  of 
steam  held  in  the  boiling  water  contained  in  the  boiler,  and 
will  lower  the  pressure  down  to  41bs.  absolute,  before  it 
would  come  to  a  stop.  Early  in  the  morning  and  late  in  the 
afternoon  the  engine  also'  runs  at  pressures  considerably 
below  the  atmosphere,  giving  a  corresponding  amount  of 
power. 

The  boilers  of  the  present  plant  are  surrounded  by  a  single 
thickness  of  thin  window  glass,  which  is  placed  there  for  the 
purpose  of  cutting  down  the  loss  by  conduction  and  convec- 
tion, particularly  when  the  wind  is  blowing  strongly.  In 
future  plants  it  is  intended  to  dispense  with  this  glass  and 
bring  the  number  of  concentrations  of  sunlight  up  from  five 
to  ten.  The  heaters  are  so  constructed  that  they  will  stand 
a  wind  pressure  of  301bs.  to  the  square  foot  safely.  All  of 
the  mirrors  and  glasses  used  in  constructing  these  heat 
absorbers  are  held  in  place  by  means  of  small  brass  springs,  so 
that  they  are  set  in  a  very  flexible  manner.  It  will,  of 
course,  be  asked  what  will  be  the  effect  of  dust  settling  on  the 
mirrors,  and  on  the  glass.  Any  dust  settling,  of  course,  cuts 
off  the  light  according  to  the  thickness  of  its  layer,  and  loss 
of  light  means  loss  of  power.  Therefore,  we  must  keep  our 
mirrors  clean.  Labour  is  very  cheap  in  the  Tropics,  and 
20  pence  a  day  to  do  this  work  would  suffice  to  keep  the 
mirrors  entirely  clean,  the  proper  washing  arrangement,  of 
course,  being  provided.  Resolved  to  its  first  principles,  sun 
power  is  a  very  simple  proposition  :  Provide  a  boiler  ；  throw 
plenty  of  sun's  rays  upon  it  ；  and  generate  your  steam.  If 
you  choose  to,  you  can  throw  sufficient  sun's  rays  upon  it  to 
melt  the  boiler  down.  As  a  matter  of  fact  you  can  concen- 
trate until  temperatures  higher  than  in  the  electrical  furnace 
are  obtained. 

You  may  ask,  what  will  our  sun  plant  do  when  there  is  no 
sun  ？  Of  course,  when  the  source  of  our  supply  of  power  is 
cut  off  we  cannot  get  it.  But  we  can  do  what  is  done  in  a 
great  many  other  lines,  and  that  is  store  it.  Of  course,  the 
sun  power  plant  can  be  built  large  enough  to  manufacture 
electricity  and  put  it  in  a  storage  battery  from  which  the 
plant  could  be  run  during  the  night,  or  rainy  weather.  But 
a  storage  battery  of  the  necessarily  large  capacity  is 
altogether  too  expensive,  and  it  would  never  do  to  suggest 
anything  so  complicated  as  this  for  the  Tropics.  Therefore 
we  will  use  for  the  storage  of  power  an  already  well-tried  but 
much  simpler  system .  That  is,  we  will  store  in  large  tanks 
properly  insulated  from  the  atmosphere,  the  necessary 
quantity  of  water  at  the  boiling  point.  From  this  water  we 
will  draw  during  the  niglit  or  during  a  rainy  day,  low- 
pressure  steam  and  with  this  run  our  engine,  which  is  con- 
structed so  as  to  run  economically  down  to  41bs.  absolute. 
In  other  words,  as  the  vacuum  in  the  condenser  draws 
through  the  engine  upon  the  water  in  the  tank,  the  water 
which  is  first  at  212°  Fall,  will  generate  low-pressure  steam 
until  it  drops  down  to  150°  Fah.,  or  even  lower,  and  this  beat 
is  turned  into  power  by  the  engine.  We  do  not  advocate  the 
storage  of  power  in  this  manner  for  a  longer  period  than 
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three  days,  ； ilt  liougli  in  cxccplional  ('(川<出 "'ns  1  his  l  ime  may 
be  increased  to  six.  We  did  not  connect,  a  storage  tank  with 
our  present  plant,  because  we  were  mainly  after  a  record  in 
power  producing  results. 

It  will  occur  to  you  that  sun  power  planl  s  occupy  ； ui 
enoiinous  amount  of  room  per  liorse-powcr.  This  is  quite 
true,  but  in  the  locations  where  we  are  suggesting  their  use, 
land  is  very  cheap  indeed  and  the  amount  of  room  occupied 
is  not  a  great  disadvantage.  As  the  cost  of,  upkeep  is  an 
riii]>ortant  factor,  the  heat  absorbers  are  constructed  entirely 
of  reinforced  concrete  for  the  foundations  ；  steel  for  t  】i(> 
tVame  ；  cast  iron  for  the  boilers  ；  and  glass  tor  t he  minors 
and  boiler  covering ― all  of  which  materials  are  practically 
indestructible  in  the  Tropics,  barring  accidents.  In  order 
that  you  may  get  a»i  idea  of  the  present  possibilities  of  sun 
power,  1  will  say  that  the  sun  heat  absorbers  at  Cairo  can 
generate  steam  for  50  b.h.]).  for  10  hours  every  day  the  sun 
shines.  The  steam-producing  part  of  this  plant  will  cpst 
erected  in  the  Tropics,  according  to  a  careful  estimate,  1  1hi 
sum  <_)('  £1 ,500,  being  at  the  rate  of  £31  per  brake  liurs'' 
power.  The  boiler,  stack ,  and  buildings  of  a  roal-hurnin^ 
plant,  to  generate  the  same  amount  of  power  for  10  hours 
per  day  throughout  the  year  would  cost  £770. 

We  now  have  the  following  comparisons  ： ― 

Sun  Power  Steam  Generator  Plant  working  3G3  clays 
for  10  hours  per  day  ： ― 

'  £    s.  d. 

luierest    on    Capital     Expenditure    £1,560  at 

5  per  cent   78    0  0 

Wear  and  Tear  Depreciation  at  5  per  cent   78    0  0 

Total    £156    0  0 

Coal-bu riling  Steam  Generator  Plant  working  365  days 
for  10  hours  per  day:  — 

£    s.  d. 

Interest  on  Capital  expended  £770  at  5  per  cent.    38  10  0 


Wear  and  Tear  Depreciation  at  5  per  cent                  38  10  0 

Coal   consumption   at   21bs.   of  Coal    per  brake 

horse-power ― 163  tons  at  9s.  8^d  ：..    79  0  0 

Total                                      £156  0  0 

The  above  comparisons  show  that  the  sun  power  steam 


generator  will  compete  in  the  Tropics  with  a  coal-burning 
steam  generating  plant  which  can  obtain  its  coal  at  only 
9s.  8Jd.  per  ton  delivered  to  the  furnace  doors.  Any  excess 
in  the  cost  of  coal  burned  beyond  this  figure  is  clear  profit  in 
favour  of  the  sun  power  plant,  and  as  the  cost  of  coal  in  the 
more  favourably  placed  in  the  Tropics  where  sun  power  plants 
will  be  built  for  the  present  may  be  taken  at  no  less  than 
£3  per  ton,  the  saving  would  be  as  follows  ： ― 

Cost  of  Working  Coal-burning  Steam  Producing  Plant 


as  above  : —— 

£    s.   d.      £    s.  d. 

Interest  and  Wear  and  Tear  Depre- 
ciation   77    0  0 

163-  Tons  of  Coal  at  £3    489    0  0 

 566    6  0 

Cost  of  Working  Sun  Power  Steam  Producing 

Plant    156    0  0 


Total  saving    £410    0  0 


The  above  shows  that  with  coal  at  £3  per  ton,  there  is 
a  saving  of  £410  per  annum  (or  nearly  52  per  cent.)  on  the 
extra  cost  (£790)  of  the  sun  power  plant  over  that  of  coal 
consuming  plant,  which  would  mean  that  in  less  than  two 
years  the  saving  in  fuel  effected  by  its  use  would  cover  this 
extra  cost.  Now  the  above  figures  are  based  on  ideal  con- 
ditions, and  we  are  wrong  in  assuming  that  we  will  meet 
these  ideal  conditions  always  in  actual  practice.  For 
instance,  when  the  sun  is  overcast  by  clouds,  this  cuts  off  from 
the  gain,  but  the  margin  is  so  great  that'  I  feel  quite  sure 
that  at  the  present  time  at  the  proper  tropical  ])hu*es  sun 
power  is  a  most  reiiiuiierative  field  for  en^ineeritii;  rt'searcli 
and  work.  In  ； i  ])lace  wliere  (hiring  the  10  hours  of  the  (lav 
on  which  we  are  (counting,  the  sun  is  overcast  10  per  ""it. 
of  the  entire  year,  then  we  are,  of  course,  only  goin^  to  ^vi 
90  per  cent,  of  the  results  given  above.  If  the  sun  is  oveiva^t 
one  quarter  of  that  time,  then  we  are  going  to  get  75  per  cent  . 


of  the  results  just  »ivcn.  It  must  I,*'  our  aim  (luring  the 
infancy  of  sun  powci*  to  local  c  、vh''r，'  we  can  r(,、i，it  wit  li 
safety  (川 at  least  90  per  of  .sunlight   tlirouglmi"  tli*- 

10  available  hours  of  t In*  da v  t  Iirfju^liout,  the  ycjiv,  and  ilie 
calculations  given  ahovc  amply  allow  for  this,  m\<\  l'';iv'' 
profits  su flicient  to  just  it' v  engineers  to  work  further  in 
sun  power. 

The  heat  ahsorhcrs  of  tl"'  lMiiladclplii;!  ( 1  fJ ]  1 )  \>i*  <\<  • - 
of  the  Cairo  planl  a  thermal  efficiency  of  43  j)**r  '  '  i" . 

The  Cairo  plant  has  a  thennal  eflicicn<-v  of  hi  per  '','m， ， 
showing  that  in  two  years'  lime  we  have  in<:reasf»fl  ( lie 
t  hernial  efliciency  of  sun  powf'r  t  roin  43  per  conl .  t  o  ''7  |'，.r 
cent.  By  this  is  meant  that  out  of  a  hundred  heat  units 
which  reach  the  surface  of  ilie  earth,  43  per  cent,  and  :>7 
cent,  respectively  were  turned  into  steam  and  used  in  tli'' 
engine.  We  have  every  reason  to  believe  that  in  tut  ui  *■ 
installations  our  thermal  '"TTirif'iirv  will  increase  easil  v 
up  to  80. 


POWER  ECONOMICS  FOR  INTERMITTENT  LOADS.* 

HV  K.  I VOK  UAVIU,  A.M.I.E.E. 

(Concluded  from  yatjc  zij] . ) 

A  further  instance  may  be  given  of  a  colliery  on  ； i 
slightly  smaller  scale.  Power  is  available  at  a  low  rate  in 
connection  with  a  waste  heat  scheme  which  takes  gas  from 
coke  ovens  belonging  to  the  colliery,  and  offers  power  up  to 
a  certain  maximum  at  the  rate  of  about  *25d.  per  unit. 
The  maximum  weight  of  coal  wound  per  day  will  be  3,000 
tons  in  15  hours.  About  10  per  cent.,  or  300  tons,  of  this 
would  be  coked,  and  the  gas  available,  assuming  that  the 
ovens  are  of  the  waste-heat  type,  would  be  capable  of 
evaporating  500,0001bs.  of  water  per  day.  If  the  oven.、  ； m- 
of  the  regenerative  type,  gas  engines  may  be  used  as  priiii" 
movers.  This  supply  of  gas  would  be  mere  or  less  con- 
tinuous throughout  the  24  hours,  but  the  charging  of  tin- 
ovens  could  be  so  arranged  that  the  maximum  quantity  of 
gas  of  the  highest  calorific  value,  that  is,  the  gas  given  ofT 
during  the  earlier  period  of  coking,  would  be  available 
during  the  period  of  maximum  load  on  the  generating  plant. 

The  depth  of  shaft  is  1,560ft.,  and  the  weight  raised  p('r 
wind  four  tons.  Fig.  5  gives  details  of  velocity,  torque,  and 
kilowatt  input  to  the  winding  motor,  the  control  being  on 
the  Ward-Leonard  principle.  Owing  to  the  small  pit  ^hal't 
diameter  it  is  necessary  to  use  a  four-deck  cage  carr  \  ini; 
eight  trams,  each  having  a  lOcwt.  load.  The  four  decks  have 
to  be  unloaded  in  succession,  and  cages  moved  each  time. 
The  minimum  time  in  which  this  can  be  done  is  22  seconds. 
The  actual  wind  would  take  45  seconds,  making  a  total  of 
67  seconds  per  wind,  giving  54*6  winds,  or  218  tons,  per  liour, 
allowing  a  slight  margin  for  the  maximum  rate  of  200  tons 
per  hour  necessary  to  raise  3,000  tons  in  15  hours.  The 
drum  would  be  cylindrical,  14ft.  diain..  running  up  to  a 
niaximuni  speed  of  79  revs,  per  minute.  Two  direct-current 
motors  would  be  direct  coupled  to  this  drum,  and  a  Ward- 
Leonard  motor  generator  set,  comprising  a  1,260  kw. 
generator,  a  35  kw.  exciter,  and  a  1,200  h.p.  6, 000- volt  in- 
duction motor  running  at  800  revs,  per  minute  would  supply 
power  at  varying  voltage  to  the  motors.  No  flywheel 
balancer  is  included,  as  the  station  has  ample  capacity  for 
the  peak  loads.  The  average  kilowatt  consumption  of  the 
above  plant,  including  compressor  motor  and  other  auxiliarit*^. 
would  be  520  kw.,  which  is  equivalent  to  2  39  units  per  ton 
of  coal  raised,  an  overall  efficiency  of  54*3  per  cent.,  or  a  cOn- 
su mj)tion  of  1  375  units  per  shaft  horse-power.  The  addition 
of  a  flywlieel  weighing  27  tons,  with  its  resultant  loyse>  in 
bearing  friction,  windage,  and  slip  regulator,  would  incrta.-i' 
the  consumption  to  577  kw.,  the  light  load  losses  in  the  fly- 
wlieel alone  amounting  to  37  kw.  The  cost  for  power  for 
winding  would  be  (allowing  three  hours  per  day  for  wind- 
ing men)  ：  (520  x  18  x  25)  =  2,320  pence,  or  *78d.  per  ton 
of  coal  raised,  that  is  £2,420  per  aniiuni.  The  cost  of  the 
complete  electrical  ecpiipment,  with  winder,  drum,  compres- 
sor plant,  Ward -Leonard  set,  switch  i^ear,  ral>les,  and  erec- 
tion, would  be  £8,630.* 

' PHper  rcud  Uiforc  the  Kusby  Eutfiuocriui;  bocuty,  March  10lb.  1914. 
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A  steam  plant  for  the  same  output,  having  a  pair  of  high- 
pressure  engines  of  the  latest  type,  30in.  x  72in.,  or 
^3in.  x60in.，  with  drop  valves  and  a  cylindro-conical  drum 
increasing  from  14ft.  to  20ft,,  would  cost  £4,500  to  £5,000. 
For  each  wind  this  engine  would  require  about  3001bs.  of 
steam,  and  for  banking  from  the  four  decks  (allowing  25  to 
30  seconds,  as  the  steam  engine  would  not  be  able  to  accele- 
rate so  rapidly  as  the  motors,  and  would  therefore  be  under 
full  steam  for  at  least  10  seconds)  a  further  501bs. ,  which  is 
a  very  moderate  estimate,  or  a  total  of  3501bs.  per  wind, 
which  for  53*7  winds  per  hour  amounts  to  18,8001bs.  Losses 
in  condensation,  brake  gear,  and  auxiliaries  would  probably 
bring  this  up  to  20,0001bs.  per  hour.  To  supply  steam  to  this 
engine,  three  30ft.  x  8ft.  Lancashire  boilers,  with  a  fourth  as 
a  spare,  would  be  required.  With  gas-burning  furnaces  these 
wo'ild  be  worth  at  least  £1,100  each,  including  foundations, 
&c  ，  making  a  total  of  £4,400  for  boiler  plant,  including  feed 
pumps  ；  piping,  &c.}  would  cost  at  least  a  further  £300.  The 
total  for  engines,  boilers,  &c.，  would  therefore  be  £9,200 
minimum  or  slightly  greater  than  the  electrical  plant.  The 
exhaust  steam  from  these  engines  would  be  sufficient  to 
generate  the  necessary  power  for  the  remaining  colliery  load, 
but  additional  capital  cost  will  be  incurred  in  the  provision 
of  the  plant.  An  accumulator,  a  600  kw.  mixed-pressure 
turbo-generator,  with  condensing  plant,  switch  gear,  build- 
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Fig.  5.— Curves  op  Drum  Tobque,  Rope  Velocity,  and  K.W.  Input  to 
Winding  Motor.  Diameter  of  clrnni,  Htt.  ；  depth  of  shaft,  520  yds.; 
4  tons  per  wind  ；  '2】5  tons  per  hour. 

ings,  foundations,  &c.，  would  cost  .£6,500.  The  colliery  load 
would  be  about  300  kw.,  that  is,  a  load  factor  of  50  per  cent. 
Thus  the  total  capital  cost  for  the  steam  winder  and  acces- 
sories would  be  £15,700. 

The  cost  of  running  the  steam  winder  plant  and  acces- 
sories, including  wages,  interest  and  depreciation,  stores, 
repairs  and  renewals,  &c.，  would  be  £3,500  per  annum. 
Running  the  electric  winder  would  cost,  including  the  same 
items,  £1,400  per  annum.  To  this  must  be  added  the  cost 
of  power  for  the  winder,  and  also  for  the  colliery  load, 
obtained  in  the  case  of  the  steam  winder  from  the  turbine 
set.  Taking  the  colliery  load  18  hours  full-load  300  kw., 
six  hours  half-load  150  kw.,  the  annual  consumption  would 
be  1,575,000  units  at  *25d.  =  £1,640,  making  with  the  winder 
power  cost  of  £2,420  a  total  of  £4,060  per  year  of  250  work- 
ing days.  Against  this  must  be  set  the  value  of  the  gas 
sold  to  the  Power  Company  in  the  case  of  the  electric  winder, 
but  used  in  the  boilers  in  the  case  of  the  steam  plant.  The 
value  of  this  gas  at  '005d.  per  pound  of  water  evaporated 
would  be  £2,600  per  annam.  The  net  cost  of  power  would 
therefore  be  £1,460,  giving  a  total  running  cost  for  the 
electric  winder  of  £2,860  per  annum,  an  advantage  over  the 
steam  set  of  £440  per  annum.  The  electric  plant  has  the 
advantage  of  ample  safeguard  against  failure  of  supply,  as 
the  Power  Company  has  a  large  reserve  plant,  while  there  is 
no  standby  generating  plant  included  in  the  steam  equip- 
ment. It  also  offers  the  advantage  in  this  instance  of  lower 
capital  outlay,  an  argument  which  usually  applies  against  it. 

An  increase  in  the  colliery  load  or  a  decrease  in  the  value 
of  the  gas  sold  might  reduce  the  margin  in  favour  of  the 
electrical  equipment,  but  an  increase  in  the  colliery  load 


would  necessitate  standby  generating  plant  for  the  steam 
winder  equipment,  and  a  decrease  in  the  value  of  the  gas 
would  probably  be  accompanied  by  a  reduction  in  the  cost 
of  power  per  unit.  The  absence  of  a  generating  station  at 
the  colliery,  with  the  necessity  of  constant  care  to  keep 
generating  costs  down,  would  be  appreciated  by  colliery 
engineers,  and  would  allow  them  to  concentrate  their 
attention  on  the  economical  and  reliable  operation  of  the 
mine. 

Another  case  is  that  of  a  small  colliery  raising  about  a 
quarter  of  a  million  tons  per  annum  from  a  depth  of  600ft. 
The  existing  engine  is  obsolete  and  inefficient,  all  the  rest  of 
the  plant  is  electrically  driven,  power  being  purchased  from 
a  large  supply  company.  3,600  tons  of  coal  per  annum  are 
used  under  the  boilers  for  this  engine,  and  the  total  running 
costs  amount  to  £2,300  per  annum.  This  includes  wages 
and  repairs,  but  no  interest  or  depreciation.  An  electric 
winder  on  the  Ward-Leonard  principle  for  this  output 
would  cost  «£3，300，  including  mechanical  and  electrical  parts  ； 
alterations  to  foundations,  engine-house,  &c.，  would  cost, 
say，  £700，  making  a  total  of  £4,000.  The  consumption  of 
power,  when  winding  at  the  rate  of  125  tons  per  hour, 
would  be  1*32  units  per  ton,  for  250,000  tons  per  annum  this 
― 330,000  units  at  '45d.  per  unit,  £620  per  annum,  say  £650, 
allowing  for  standby  losses. 

Labour,  repairs,  and  renewals    £250 

Interest  and  depreciation    400 


Making  a  total  of  £1,300 
that  is,  a  saving  of  £1,000  per  annum.    These  examples  show 
that,   commercially,  electricity  for  main  winding  deserves 
consideration  in  every  case,  and  in  most  shows  a  decided 
advantage. 

The  conditions  and  loads  in  rolling  mills  are  different 
from  winding  engines.  Rolling  mills  are  of  two  general 
types,  continuous  running  and  reversing.  Fig.  6  shows  a 
set  of  continuous  indicator  cards  taken  from  a  tinplate  mill 
of  the  former  type.  This  engine  has  cylinders  16in.  and 
32in.  diam.  x  4ft.  stroke ?  and  runs  normally  at  30/40  revs, 
per  minute.  It  is  throttle-governed,  with  a  constant  cut-off 
at  about  60  per  cent,  of  the  stroke  on  the  high-pressure 
cylinder  ；  between  the  passes  steam  is  throttled  and  excessive 
wire-drawing  takes  place.  The  efficiency  would  be  very  much 
improved  by  a  variable-expansion  governor.  The  engine  is 
assisted  during  the  peak  load  produced  by  the  earlier  passes 
by  a  flywheel  24ft.  diam.,  weighing  50  tons.  The  fall  of 
speed  produced  by  the  passage  of  the  bar  through  the  rolls 
enables  the  flywheel  to  give  up  its  energy,  which  is  restored 
during  the  idle  periods  between  the  passes.  The  total  steam 
consumption  over  the  rolling  period  for  one  bar  was  191bs.， 
and  the  time  22  sees.  The  average  indicated  horse-power 
160，  therefore  the  average  consumption  per  indicated  horse- 
power per  hour  shown  on  the  indicator  diagram  is  19"51bs. 
When  allowance  is  made  for  cylinder  condensation  and  other 
losses,  probably  not  more  than  75  per  cent,  of  the  steam  used 
appears  on  the  diagrams.  The  actual  consumption  would  be 
291bs.  per  brake  horse-power  per  hour,  assuming  a  mechanical 
efficiency  of  89  per  cent.  The  cost  of  this  engine,  with 
steam  piping,  condenser,  foundations,  &。"  would  be  about 
£2,600.  The  flywheel,  with  shaft,  bearings,  and  founda- 
tions, &c.，  would  cost  £800，  a  total  of  £3,400. 

This  mill  could  be  driven  by  an  induction  motor  and 
suitable  reduction  gearing.  The  overall  efficiency  of  motor 
and  gearing  would  be  about  86  per  cent.,  that  is,  the  con- 
sumption at  the  turbine  supplying  the  motor,  assuming  161bs. 
per  kilowatt-hour,  would  be  14*01bs.  per  brake  horse-power 
per  hour  at  the  rolls.  Assuming  that  the  generating  plant 
exists,  the  capital  cost  of  an  induction  motor,  with  starter 
and  slip  regulator,  flywheel,  retluctioii  gearing,  foundation, 
■  would  be  £4,300. 

Owing  to  the  small  speed  variation  of  an  induction  motor 
from  no-load  to  full-load,  it  is  necessary  to  provide  some 
device  to  produce  a  speed  drop  during  the  peak  loads  ；  this 
can  be  effected  by  the  use  of  a  suitable  automatic  regulator. 
Contactor  type  slip  regulators  have  been  made,  whieli 
operate  in  one  oycle  on  a  50-cycle  supply,  that  is，  in  one- 
fiftieth  of  a  second.    This  has  proved  sufficient  for  the  most 
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severe  rolling  mill  purposes.  Ordinary  motor-operated  slip 
regulators  of  the  liquid  or  metallic  type  are  somewhat  slug- 
gish in  their  action,  and  do  not  give  satisfaction  when  used 
for  rolling  mill  work. 

Direct-current  motors  are  also  employed  for  driving 
continuous- running  rolling  mills.  When  used  in  conjunc- 
tion with  flywheels,  the  addition  of  series  windings  to  the 
main  field  produces  the  necessary  speed  drop  with  increase  of 
load.  The  speed  horse-power  curves  of  a  compound  wound 
motor  and  of  an  induction  motor  are  of  the  forms  shown  in 
Fig.  7.  The  speed  drop  can  be  increased  by  increasing  the 
number  of  series  turns  in  the  case  of  the  direct-cu rrent  motor, 
or  the  rotor  resistance  in  the  case  of  the  induction  motor. 

In  merchant  mills  which  usually  roll  a  great  variety  of 
sections,  it  is  an  advantage  to  be  able  to  vary  the  speed  of 


Fig.  6.— Engine  A.  Two  Mills  on  Doubles. 

the  mill  motor.  The  speed  of  direct-current  motors  may 
be  easily  and  economically  varied  by  field  regulation. 
Alternating-current  motors  can  be  built  to  run  at  two  or 
more  definite  speeds  by  providing  them  with  special  wind- 
ings, but  actual  speed  variation  from  synchronous  speeds  can 
only  be  obtained  either  by  insertion  of  resistance  in  the 
rotor  circuit  or  by  auxiliary  machines. 

When  electric  motors  were  first  proposed  for  reversing 
rolling-mill  drives,  the  existing  engines  were  of  a  most 
uneconomical  type,  usually  two-cylinder  high-pressure  ；  and 
it  was  an  easy  matter  to  prove  that  an  enormous  saving 
could  be  effected  by  the  electric  installation,  but  competition 
has  resulted  in  a  great  improvement  in  the  type  of  engine 
and  its  steam  consumption.  Modern  engines  are  usually  of 
the  compound  type,  condensing  or  non-condensing.  High 
starting  torque  is  obtained  by  a  stop  valve  in  front  of  the 
low-pressure  cylinder  acting  in  conjunction  with  the  main 
stop  valve.  When  the  engine  is  stopped,  the  steam  from 
tlie  receiver  to  the  low-pressure  cylinder  is  shut  off.  This 
forms  a  back  pressure  or  cushion  for  the  high-pressure  cylin- 
der and  assists  to  bring  the  engine  to  rest.  In  starting,  this 
high  receiver  pressure  enables  the  low-pressure  cylinder  to 
assist  the  high-pressure  cylinder,  provided  that  the  duration 
of  stop  is  not  great.  Late  cut-off  is  essential  in  a  reversing 
engine  to  enable  it  to  exert  a  heavy  starting  torque  at  any 
point  in  a  revolution,  but  late  cut-off  is  opposed  to  steam 
economy,  therefore  once  the  ingot  is  gripped  and  the  mill 
speeded  up,  the  engine  must  be  adapted  to  the  power  require- 
ments of  the  mill  by  adjustment  of  cut-off. 

In  a  cogging  mill,  particularly  during  the  earlier  passes, 
the  number  of  strokes  per  pass  is  very  few  and  adjustment 
of  cut-off  is  practically  impossible,  but  in  a  roughing  or 
finishing  mill  where  the  passes  are  longer,  economy  may  be 
effected  in  this  way.  Cogging-mill  engines  are  therefore 
usually  of  the  simple  high-pressure  type,  the  refinements 
being  introduced  on  the  roughing  and  finishing  mill  engines. 

A  typical  modern  rail  mill  for  an  output  of  3,000  tons 
per  week  would  have  the  following  steam  equipment  ： ― 

36 in.  Cogging  Mill. — A  three-cylinder  reversing  engine 
with  cylinders  40in.  diam.  by  4ft.  stroke  would  be  used. 
With  a  boiler  pressure  of  1501bs.  per  square  inch  and  a  con- 
sumption per  indicated  hor?e-power  per  hour  of  451bs.  of 
steam  the  consumption  per  hour  of  this  engine  would  be 
17,0001bs.  to  20，0001bs. 

SOin.  Routjh  'uiff  Mill. ― A  two-crank,  four-cyliuder  tandem 
compound  reversing  engine  with  cylinders  30in.  and  54in. 


diam.  and  5ft.  stroke  would  he  used  and  take  about  301bs.  of 
steam  per  indicated  horse  power  lmur，  when  running  u mier 
its  best  conditions.  As  the  load  is  of  a  very  intermittent 
nature,  and  during  the  earlier  passes  a  very  late  cut-off  is 
necessary,  its  consumption  per  hour  would  he  2 5, 000 lbs.  to 
30,0001bs. 

SOin.  Finishituf  Mill. ― An  engine  similar  to  the  roughing 
mill  engine  could  be  used,  but  aa  the  maximum  load  on  thin 
engine  would  not  be  as  high  as  that  of  the  roughing  mill 
the  average  steam  consumption  would  be  lower,  amountiii^ 
to  20,0001bs.  to  25,000Ibs.  per  liour.  The  total  steam  con- 
sumption, therefore,  for  the  corn plcte  mill  at  U'c  alxn-e  out 
put,  which  is  equivalent  to  about  300  tons  per  shift,  would 
be  60,0001bs.  to  70,0001bs.  per  hour.  It  would  be  impossible 
to  have  the  boilers  near  all  the  engines,  therefore  the  loss 卜 m 
steam  pipes  and  connections  would  be  high,  and  at  leant 
seven  or  eight  boilers  30ft.  x  9ft.  would  be  required  to  siij'plv 
the  mills. 

The  average  coal  consumption  per  ton  of  standard  raila 
rolled  from  2  or  3-ton  ingots,  is  5  cwt.  in  the  case  of  steam- 
driven  mills.  Assuming  a  10-hour  shift  rolling  30  tons  per 
hour,  the  steam  consumption  per  ton  of  finished  rails  would 
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2,3401bs.  This  amount  could  easily  be  pro- 
duced by  5  cwts.  of  coal  and  leave  a  margin  for  banking, 
&c"  over  the  week-end.  The  live  rollers,  transfer  tables, 
shears,  saws,  &c"  would  be  electrically  driven.  The  exhaust 
steam  from  the  above  mills  would  be  passed  into  an  accumu- 
lator and  thence  into  two  1,000  kw.  or  one  2,000  kw.  mixed - 
pressure  turbo-generator.  Allowing  for  losses  in  piping  and 
accumulator,  and  for  wetness  of  steam,  about  1 .750  kw. 
would  be  generated. 

The  capital  cost  of  the  complete  equipment  would  be, 
say,  £6,500  for  the  cogging  engine  ；  ,£8,500  each  for  the  rough- 
ing and  finishing  engines :  nine  boilers  (one  standby),  say, 
£9,000  ；  an  accumulator,  two  1 ,000  kw.  turbo-generatorn, 
with  condensing  plant,  piping,  <fcc"  £11,000  ；  steam  and 
exhaust  piping,  valves,  &c.，  or  a  total  of  £45,500,  excluding 
cost  of  foundations,  building,  &c. 

For  the  same  output  the  electrical  equipment  would  be 
as  follows  ：  The  cogging  mill  would  be  driven  by  one  motor 
and  the  roughing  and  finishing  mill  by  another  motor,  which 
may  be  a  duplicate.  More  work  would  be  done  on  the 
ingot  in  the  electric  cogging  mill  than  in  the  steam  mill, 
thus  reducing  the  load  on  the  electric  roughing  and  finish- 
ing mills.  The  motors  would  have  a  capacity/  of 
3,500/11,000  h.p.,  at  70  revs,  per  minute,  1,000  volts.  During 
the  later  passes  in  the  finishing  mill  the  motor  could  be 
speeded  up  to  150  revs,  per  minute.    Either  motor  would  be 
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capable  of  making  at  least  20  complete  reversals  iu  one 
minute.  They  would  be  controlled  on  the  Ward-Leonard 
system  and  each  supplied  with  current  by  a  3,000  kw.. 
1,000-0- 1 ,000-volt  generator  driven  by  a  1,200  h.p.  induction 
motor.  Flywheels  of  30  to  40  tons  weight,  and  13ft.  to  14ft. 
diam.,  would  be  coupled  to  the  generators  to  assist  the  in- 
duction motors  during  the  peak  loads.  The  motor  generator 
sets  would  run  at  490  revs,  per  minute  normally.  The  Ward- 
Leonard  generators  would  have  differential  series  field  wind- 
ings, which  would  be  so  arranged  as  to  limit  the  maximum 
cu rrent  flowing  between  motors  and  generators,  thus  the 
inacliines  could  not  be  injured  by  careless  operation  of  the 
controller.  Slip  regulators  would  be  provided  for  the  in- 
duction motors.  The  two  motor  generator  sets  would  be 
arranged  so  that  they  could  be  mechanically  coupled  together 
when  both  are  running,  thus  averaging  the  load  and  reduc- 
ing the  amount  of  slip  normally  required.  It  should  be 
noted  that  the  generators  and  mill  motors  are  rated  ou  the 
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root-iiH';ni  square  value  of  the  armature  current,  wliile  the 
induction  motor  rating  is  based  on  the  root-mean-square 
liorse-power.  Owing  to  the  slow  speed  of  the  mill  motors, 
forced  ventilation  would  be  necessary  to  maintain  reasonable 
working  temperatures  ；  motor-driven  fans  with  air  filters 
would  be  provided  for  this  purpose.  Exciters,  barring  gear, 
oil  pumps,  and  other  auxiliaries,  switch  panels,  and  control 
gear,  &c,  would  be  included  in  the  equipment.  The  total 
cost  of  surh  an  equipment  erected,  but  exclusive  of  buildings 
or  foundations,  would  be  about  £29,000. 

The  power  consumption  for  the  mills  would  be  30  to  40 
Board  of  Trade  units  per  ton  of  rails  from  lOOlbs.  to  50lbs. 
per  yard,  •  for  an  output  of  30  tons  of  rails  per  hour  the 
average  power  consumption  for  varying  sections  would  be 
1,050  kw.  The  auxiliaries  would  require  a  further  4'5  units 
per  ton,  or  140  units  per  hour,  making  a  total  of  1,190  kw. 
for  the  whole  mill.  This  would  require  19，0001bs.  of  steam 
per  hour  at  the  turbines. 

The  power  consumptions  for  various  size  billets  are  given 


Fig.  8. 

ill  Table  II. ，  abstracted  from  the  "  Iron  Age."  These  tests 
were  taken  on  the  41in.  reversing  rolling  mill  at  Julienliutte. 
The  two  mill  motors  are  each  1,000/3,000  li.p.,  65/90  revs, 
per  minute,  and  are  supplied  by  1,450  kw.  generators  coupled 
to  flywheels  and  driven  by  1,000  h.p.  induction  motors.  Fig. 
8  shows  a  recording  ammeter  curve  taken  from  a  28in.  revers- 
ing cogging  mill  motor,  1,000/3,600  h.p.,  at  70/120  revs,  per 
minute.  This  shows  the  nature  of  the  loads  and  the  very 
rapid  reversals  which  can  be  effected  by  these  motors. 


Table  II. —— Details  of  Tests  each  lie  present  in  g  One  or  Two 
Complete  Heats. 
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In  a  modern  steelworks,  power  for  supplying  electrically- 
driven  mills  would  be  generated  by  gas-engine-driven  alter- 
nators, using  blastfurnace  gas,  or  steam  turbines,  using  steam 
generated  in  gas-fired  or  waste-heat  boilers.  The  distance 
separating  the  blastfurnace  jilnnt  and  the  rolling  mill  is 
iinrnaterial,  as  electric  power  can  be  econoinicall)-  iransinitted 
tlirougli  any  probable  distance.  The  gas  from  hlastl'in-iwu-cs 
having  a  capacity  of  500  tons  of  pig  iron  per  24  hours,  and 
suitable  for  supplying  the  steel-melting  plant  for  the  above 
mills,  would  be  sufficient  for  blowing  engines,  stoves,  &c.， 


and  still  leave  an  ample  surplus.  Assuming  that  500  tons 
of  coke  is  used  per  day,  giving  140,000  cub.  ft.  of  gas  per  ton, 
having  a  calorific  value  of  120  B.T.U.  per  cubic  foot,  1,000 
rul>.  ft.  of  this  gas  would  give  about  12  b. h.p.  hours  (8*5  kw.) 
in  a  gas  engine,  or  evaporate  901bs.  of  water  in  a  Bonecourt 
boiler  ；  this  would  give  about  8|  b.h.p.  hours  or  6  kw.  in  a 
large  turbine'  set.  About  45  per  cent,  of  the  gas  would  be 
used  for  the  stoves  and  15  per  cent,  for  gas  or  turbine  Wowing 
engines;  this  would  leave  1,170,000  cub.  ft.  per  hour,  ('apal)k' 
of  producing 

7,000  kw.  in  steam  turbine  generators,  or 
9,900  kw.  in  gas-engine-driven  generators. 

The  very  r^uch  higher  capital  cost,  running  and  rej>air 
charges  of  the  gas  engines  more  than  balance  the  higher 
thermodynamic  economy.  The  cost  per  kilowatt  is  consider- 
ablv  lower  in  the  case  of  a  steam  station,  though  the  power 
obtained  from  the  gas  is  less.  With  ordinary  gas-fired 
boilers  the  steam  per  1,000  cub.  ft.  of  gas  is  usually  not 
more  than  501bs.，  but  improvements  are  now  being  made  in 
gas  burners  for  ordinary  boilers,  increasing  the  output  to 
751bs.  to  801bs.  per  1.000  cub.  ft.  of  gas.  The  Bonecourt 
system  is  also  being  tried  in  ordinary  Lancashire  boiler 
furnaces,  and  evaporations  of  851bs.  to  901bs.  per  1,000  cub.  ft. 
of  gas  are  expected. 

If  steam  engines  are  used  for  driving  the  mills，  steam 
generated  by  blastfurnace  gas  is  not  available,  as  gas  or 
steam  cannot  be  economically  transmitted  through  the  dis- 
tances which  must  separate  the  blastfurnace  and  rolling  mill 
plants.  The  usual  practice  is  to  generate  steam  from  the 
waste  heat  from  the  smelting  and  heating  furnaces,  supple- 
mented by  hand  firing  or  preferably  by  gas  firing  in  the 
boilers,  the  gas  being  obtained  from  by-product  gas  pro- 
ducers. When  electric  power  produced  from  blastfurnace 
or  coke-oven  gas  is  not  available,  steam  produced  in  this 
manner  may  be  used  in  a  turbine  driving  the  Ward-Leonard 
motor  generator  set  supplying  reversing  rolling  mills.  The 
economical  speed  of  steam  turbines  is  very  much  higher  than 
it  is  advisible  to  run  direct-current  generators  dealing  with 
such  rapidly  fluctuating  】oads  as  those  due  to  reversing 
rolling  mills  ；  gearing  would  therefore  be  introduced  between 
the  turbine  and  the  Ward-Leonard  generator,  allowing  both 
machines  to  run  at  their  most  economical  speeds.  A  flywheel 
would  be  coupled  to  the  generator,  and  the  turbine  governor 
would  be  designed  to  give  the  necessary  speed  drop  for 
utilisation  of  the  flywheel  energy.  In  this  way  the  high 
steam  economy  and  reliability  of  the  steam  turbine  would 
be  combined  with  the  advantages  of  the  electric  motor  for 
reversing  mill  drives,  and  the  cost  of  motor-generator  saved. 
The  efficiency  of  high-speed  gearing  of  the  double  helical 
machine-cut  type  is  stated  to  be  97  to  98  per  cent.  ；  this  com- 
pares favourably  with  the  combined  efficiency  of  turbine- 
driven  alternator,  93  to  94  per  cent"  and  induction  motor 
with  slip  regulator,  90  to  93  per  cent.,  that  is,  84  to  87  per 
cent,  overall.  The  steam  consumption  per  ton  of  steel  rolled 
would  be  correspondingly  reduced.  The  capital  cost  of  a 
reversing  rolling  mill  equipment  similar  to  that  previously 
specified,  but  including  two  1,200  h.p.  steam  turbines,  with 
gearing  and  condensing  plant  instead  of  the  induction  motors, 
would  be  £33,000  ；  that  is  somewhat  higher  than  the  induc- 
tion motor-driven  equipments,  but  against  this  must  be  set 
the  higher  economy  and  the  fact  that  no  generating  plant  is 
required  for  the  mill  drives. 

Geared  steam  turbines  are  in  use  driving  continuous- 
running  mills.  A  28in.  plate  mill  in  Scotland  is  equipped 
with  a  mixed  pressure  steam  turbine  running  at  2,000  revs, 
per  minute.  The  rolls  run  at  70  revs,  per  minute  and  a  set 
of  double-reduction  gearing  is  used.  The  turbine  is  not  run- 
ning at  its  most  economical  speed,  and  the  overall  efficiency  is 
probably  lower  than  that  of  a  higher  speed  turbo-alternator 
and  induction  motor  combination.  Geared  turbines  would 
be  unsuitable  for  reversing  mills  owing  to  the  】iigh  inertia  of 
the  rotating  parts. 

The  examples  given  show  thnt  the  electric  motor,  owing 
to  its  high  and  uniform  starting  torque,  liigli  overload 
capacity,  reliability,  and  small  size  and  weight,  compared 
with  other  engines,  is  particularly  adapted  to  reversing  or 
intermittent  loads.     In  some  cases  electric  equipments  are 
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slightly  hi^lier  in  firsL  rost'  than  plain  steam  ^|ui|nii(Miis, 
hut  whereas  electric  power  can  tie  purHias("l  or  pi (、山 ir('<l 
at  less  than  丄「)(1.  a  unit,  and  in  many  cases  up  to  M.  |>('r 
unit,  reduced  running  costs  can  l>e  proved. 

Tn  every  case  where  the  electric  motor  drive  for  rolling 
mills  or  winding  engines  has  been  installed,  an  increase  in 
output  over  steam  engines  of  similar  capacity  has  been 
obtained.  The  numerous  safeguards  against  overload  or 
abuse  which  can  be  introduced  into  electrical  equipments, 
have  proved  of  such  value  that  no  serious  breakdown  of 
electric  motors  in  this  service  has  been  recorded. 


SOME  RECENT  DEVELOPMENTS  IN  COMMERCIAL 
MOTOR  VEHICLES. 

At  a  meeting  of  the  Institution  of  Civil  Engineers,  held  on 
Marcli  24tli,  a  paper  on  this  subject  was  read  by  Mr.  Thomas 
(Markson,  M  .Inst.C.E.  During  the  period  which  had  elapsed 
since  the  subject  of  motor  vehicles  was  last  reviewed  before  the 
Institution,  reiriarkable  developments  had,  he  said,  taken 
place  in  this  department  of  engineering,  both  in  regard  to 
the  quality  of  the  vehicles  and  in  the  magnitude  of,  their 
opei-ations  for  the  transport  of  passengers  and  merchandise. 
The  period  under  review  had  witnessed  the  evolution  of  Hie 
inotor-onuiibus  as  it  exists  to-day.  Greater  facilities  for  the 
transport  of  passengers  in  cities  were  constantly  in  deinand. 
Electric  rail-motors,  both  on  the  surface  and  undergrouiKi, 
met  this  demand  to  some  extent  ；  but  the  motor -， bus 
had  already  demonstrated  its  superiority  over  the  rail-car 
or  tram.  Complete  flexibility  was  obviously  impossible  in 
motors  dependent  upon  an  extraneous  power  station  :  the 
vehicles  must  be  self-contained,  and  the  power  generated 
from  within.  The  author  regarded  flexibility  as  the  key  to 
the  successful  solution  of  the  street  traffic  problem  in  cities. 

The  author  referred  to  some  typical  examples  of  the  com- 
mercial motors  of  the  present  clay,  and  considered  the  suit- 
ability of  various  types  of  motor  to  the  diverse  conditions 
of  industrial  transport.  There  were  at  present  three  methods 
of  generating  power  for  commercial  motor  transport  ；  namely, 
by  internal-combustion  engines,  by  steam  engines,  and  by 
electric  motors.  Each  of  these  methods  had  found  a  fairly 
clearly-defined  field  of  utility.  The  internal-combustion 
motor  far  outnumbered  the  other  types  of  motor  for  net  loads 
up  to  three  tons.  For  heavier  duty  than  this,  the  steam 
motor  continued  to  hold  the  field.  The  rise  in  the  price  of 
petrol  had  directed  attention  to  other  liquid  fuels  for  the 
internal-combustion  motor,  and  the  steam-motor  using  solid 
fuel  was  being  adapted  for  loads  less  than  three  tons,  with 
the  object  of  checking  the  ever-growing  deinand  for  motor 
spirit  The  electric  vehicle  supplied  with  energy  by  a 
storage  battery  had  made  remarkably  little  progress  in 
England. 

The  petrol  motor  was,  lie  observed,  confined  to  the  em- 
ployment of  a  volatile  liquid  fuel.  The  steam  motor  could  use 
either  liquid  or  solid  fuels.  The  relative1  cost  of  the  two 
systems  for  fuel  per  mile  was  governed  by  the  ratio  between 
the  cost  per  pound  of  fuel  and  the  mileage  per  pound.  The 
fuel  cost  for  a  3 -ton  petrol  commercial  vehicle,  with  petrol  at 
Is.  4d.  per  gallon,  and  at  8  miles  per  gallon,  worked  out 
at  2d.  per  car  mile.  The  London  petrol  'bus,  which  might 
be  taken  as  equivalent  to  the  3-ton  commercial  vehicle,  costs 
about  Id.  per  car  mile  for  fuel.  This  lower  fuel  cost,  it 
was  explained,  was  not  due  to  superior  engine  efficiency,  but 
was  the  result  of  an  exceptionally  favourable  contract  for  the 
purchase  of  petrol  in  very  large  quantities.  The  present 
cost  of  fuel  for  London  petrol  'buses  was,  therefore,  abnormal 
from  the  point  of  view  of  the  ordinary  user  of  petrol  com- 
mercial vehicles.  The  steam  omnibus  at  present  costs  for 
liquid  fuel  l'875d.  per  mile,  whicli  was  a  little  less  than  the 
cost  of  the  ordinary  petrol  3-ton  vehicle.  The  steam  omni- 
bus, or  3-ton  lorry,  using  coke,  costs  for  fuel  0'4d.  per  mile 
witli  coke  at  19s.  per  ton.  The  significance  of  this  economy, 
and  the  real  value  of  an  apparently  small  reduction  in  cost 
per  mile,  was  indicated  by  the  fact  that  Ad.  per  mile  repre- 
sented, approximately,  £200,000  per  annum  on  the  cost  of 
running  London  omnibuses. 

Witli  regard  to  the  relative  reliability  of  petrol  aiul  steam 
oars,  it  had  been  demonstrated  oonrlusivelv  that  witli  either 


type  of  motor  the  milt'age  lost  from  mechanical  rauscs  w a s 
extremely  small,  even  wIkmi  |"'rformii，g  a  conirru-n-ial  'liilv 
involving  an  annua!  mih-a^f*  of  .SO, 000  rniU-s  and  more  |>f*r 
vehicle.  As  regards  the  cost  of  rnefhaiiical  upkeej),  thero 
did  not  appear  to  be  any  reason  for  a  material  difTcrf* iuf 
between  tlie  two  systems  under  this  heading  when  they  were 
run  under  similar  (,("i(litious  of  inana^fMrifMit .  The  li^lit 
steam  3 -ton  vehicle  using  coke  as  fuel  miglit  be  regarded 
as  combining  the  speed  and  liandiness  of  the  petrol  motor, 
with  a  fuel  cost  equivalent  to  petrol  at  4d.  per  gallon. 

The  author  gave  details  of  the  construction  of  pr**  »  n! 
types  of  both  steam  and  petrol  oinnihu>.*is,  and  dealt  par 
ticiilaily  with  modern  methods  of  omnibus  illuininat ion. 
The  important  question  of  the  construction  of  road  wheels t 
most)  suitable  for  commercial  mo  torn  of  from  30  cwt.  to 
3  tons  capacity,  was  dealt  with.  The  present  position  of 
the  electric  commercial  vehicle  was  considered  in  relation  to 
other  types  of  motor,  particularly  witli  reference  to  the  in- 
vestigations of  working  costs  whicli  had  been  recently  con- 
ducted by  the  Massachusetts  Institute  of  Tedinology.  Tl"' 
author  concluded  witli  a  reference  to  modern  steam  inotor- 
wa^ons  and  tractors. 


INDUSTRIAL  AND  TRADE  NOTES. 

A  Costly  Strike.  -The  srtt h-mriit  *,{  thr  Cvnon  ( 'ollin  v  -tiik.-  m:u  L 
the  tonnination  of  a  costly  and  almost  ftitilo  disptito.  Tlio  m('ii, 
"iimhf、ri"g  iicaily  1  .(>()(),  came  out  last  April,  d<、m:iii(li"g  tho 
payniont  of  a  t'ai-tliin^  per  inch  for  cutting  rlay  in  a  certain  coal 
seam.  The  company  made  a  counter  ofFor,  which  was  roCnsod.  Tlir 
strike  that  followod  lias  cost  tho  men  over  £40,000  in  n  a^os  :"<""'， 
and  involved  a  hciivv  loss  to  their  fedoration.  Tlio  t<*nns  now 
arrived  at  represent  only  a  slight  modification  of  tho  coinpanv's 
original  counter  offer. 

Gas  Undertakings  in  the  United  Kingdom. ― A  l':u  li:im«'nUrv  n'im  ii 
relating  to  »as  'uidertakings  in  tho  t'nitt'd  Kin^Kim  in  giv.'s 
tl")  numl)(M*  oi"  ； nitlioriscd  uiulortakiii^s  as  82fi,  of"  wliicli 
lielon^ed  to  companies  and  306  to  local  authorities.  The  authoi'isod 
ca pital  and  loans  amounted  to  1*101 .2o.'io  1 1  :m<l  tin*  ； nimiint  paid 
up  and  borrowed  was  £137,461,970.  Duriug  the  year  21o. 
""llioii  cubic  feet  of  gas  were  made  in  the  United  Kingdom  and 
l.)S.92'2  million  were  sold.  (； as  mains  totalled  :i7.74  i  miles,  ami 
there  nere  735,121  public*  lamps.  The  iiumbrr  of  gas- 
consumers  was  6,876,149,  compared  with  (i, 040, 904  i'l  tlio 川"、"" 卜 
year. 

Trade  Catalogues.  W»  have  i、(',l  ihc  f"ll(,、viii'」  trad*-  |ml 山，， ' 
tions :  From  the  Anglo-American  Petroleum  Products  Co.,  Kins 
l>ury  Pavement,  London,  E.C.,  a  bound  volume  of  150  pp., 
an  account  of  the  oil  resouroos  of  Mexico,  with  descriptions  of 
iiwhanical  appliances  tor  tho  iiuriiin^  of  oil  witli  data  of  its 
relative  calorific  value  as  compared  with  coal.  From  the  Dud- 
lf ridge  Iron  Works,  Ltd.,  Stroud,  a  copy  of  a  new  edition  of 
their  catalogue  on  gas  ("lgines  and  suction  <j;as  plants.  Ft om  tli，、 
Parsons  Motor  Company,  Ltd.,  Southampton,  copies  of  their 
catalogues  of  marine  and  stationary  petrol  aiul  paratiin  -、， 
and  also  of  marine  craft  fitted  with  their  special  types  of  engines. 

The  Steel  Trade  Combine. ~ At  the  conference  «»t  English  and  Scotch 
steelmakers,  representing  the  British  ooinhiijo,  hold  at  Newcastle, 
on  Friday  last,  it  was  arranged  to  make  cortain  modifications  in 
prices  as  regards  Scottish  members.  For  soveial  montlis  hack  tlio 
trade  has  been  seriously  affected  by  lieavy  importations  of  pi;"" 
and  angles,  which  were  secured  at  lower  quotations  than  ohtaiiitHl 
in  the  home  market.  As  a  result  much  of  the  rolling  plant  in  d"、 
Clyde  district  lias  been  thrown  idle.  It  was  soon  realised,  that  if 
('miditions  were  not  to  become  worse  continental  competition  must 
be  actively  faced,  and  the  only  niothml  availal)le  was  a  reduction 
of  prions.  1 1  has  been  agreed  that  Scotch  steel  producers  are  to 
have  a  freo  hand  in  the  matter  of  selling  boiler  and  sliip  plat'  、. 
angles,  and  sections  in  tlie  Scottish  area,  and  in  tlio  export  mar 
kcts,  but  are  not  at  lil)(M*ty  to  cross  tlie  hordcr  and  soil,  unless  on 
tho  same  basis  as  is  recognised  by  Kn^lish  makers,  plus  tl"'  cost  ot 
cai  riage  to  the  buyers. 

A  New  Electrical  Trades  Association.  At  a  ni't'tihg  licld  a  i'  u 
days  ago  in  Ijondon,  it  、、： is  (h'('i(l，、d  to  form  an  •  Association  of 
M  ana  Suporvisin^;    】':iigi  ，"、，》，、，    an<l    l，，'ri"ii，i，"，t  F("vin，"i 

attached  to  tho  l^loctrical  ('ontraftin^  Ti  a<lf>."  Tli ，"山 j,'<  t、  tl"' 
Association  :m 、：  "'、  To  assist  hhmuImts  in  ol»tainin*x  information 
of  situations.  (/')  To  form  a  t*»cliiiical  lil>ra rv  tor  the  use  of 
nioinbers.  (c)  To  form  a  l>t、n，'vol，'"t  hind  tor  tho  assistance  of 
members  in  distress.  (")  To  endeavour,  by  nutans  of  lectures  and 
visits  to  lari^o  works,  to  maintain  a  lii«ih  standard  of  effici*Muy  oi 
all  menihors.    (e)  To  foster  tlu>  apprentice  system  for  lea  mors  in 


304 


THE    MECHANICAL  ENGINEER. 


[March  27,  1914 


the  electrical  trade.  (/)  To  endeavour  to  extend  the  attendance 
of  electrical  workers  at  evening  schools,  both  ttM-luiical  and  prac- 
tical, (fj)  To  arrange  for  the  reading  of  papers  on  electrical  sub 
joots  by  members  or  visitors  invited  from  other  societies,  (h)  To 
arrange  periodical  social  gatherings  to  promote  knowledge  and 
good  fellowship  amongst  members.  Full  particulars  regarding 
membership  may  be  obtained  from  the  hon.  secretary ,  Mr.  C.  J. 
Banister,  14，  Pulborough  Road,  Southfields,  S.W. 

Dimensions  of  Large  Liners. ― In  the  latest  Supplement  to  Lloyd's 
Register  Book  the  new  triple-screw  White  Star  liner  "  Britannic/' 
launched  last  month  by  i\Iessrs.  Harland  &  Wolff,  of  Belfast,  is 
returned  as  of  the  following  dimensions :  Length,  852f  L  5in. ； 
lireadtli,  ！ )4ft.  ；  deptli,  59ft.  ;  and  measuroment,  47,"")U0  tons 
gross,  3-5,650  ions  under  deck,  and  24,000  tons  net.  It  may  be 
recalled  that  the  dimensions  of  the  new  Cunard  liner  uAquitania/' 
as  published  at  tlie  time  of  the  launch,  were  :  Length,  901ft. ； 
breadth,  97ft.  ；  depth  to  boat  deck,  92ft.  6in.  ；  and  measurement 
47,000  tons.  The  Board  of  Trade  figures  for  the  "  Aquitania," 
however,  are  not  yet  available,  so  that  the  dimensions  of  the  two 
vessels  cannot  be  authoritatively  compared.  The  latest  official 
figures  for  the  Norddeiitscher  Lloyd  liner  "  Imperator  ，，  are : 
Length,  883ft.  6in.  ；  breadth,  98ft.  3in.  ；  depth,  57ft.  lin.  ；  and 
measurement,  52,117  tons.  The  only  official  figures  available  for 
the  second  large  Norddeutscher  Lloyd  liner,  the  "  Vaterland," 
are  those  showing  the  measurement,  which  is  given  as  56,000  tons. 

Alcohol  as  Motor  Fuel. ― The  Alcohol  Motor  Fuel  Committee  of  the 
Imperial  Motor  Transport  Council  have  issued  a  preliminary 
report  in  which  they  express  the  opinion  thai  alcohol  affords  the 
only  possible  escape  from  the  difficulties  in  the  present  position. 
In  this  connection,  and  in  view  of  the  importance  of  rendering 
the  British  Empire  independent  of  fuel  supplies  from  foreign 
countries,  it  should  be  noted  that  crops  from  Avhich  alcohol  can  be 
obtained  might  be  cultivated  with  great  benefit  to  the  agi  iciiltural 
community  in  many  parts  of  the  Empire.  In  the  great  majority  of 
the  Dominions  and  Colonies,  alcohol  offers  the  only  feasible  relief 
lrom  a  1j  normally  high  prices  and  shortage  of  supplies.  Den  a 
taring,  they  say,  is  ])o.ssihly  one  of  tlie  most  iiiiportant  as}>i'cts  ot" 
the  whole  suhject,  and  it  is  (lesiral'k '  to  olitain  all  the  inioi  ina tion 
available  on  the  question.  Ultimately,  the  question  of  deiiaturant.s 
、、 ill  have  to  be  discussed  with  the  Gaverninent  aut'ioi'ities  of  this 
country,  and  with  the  Governments  of  tlie  various  constituents  of 
the  Empire  overseas,  with  a  view  to  a  mutual  agreement  as  to  the 
smallest  quantity  of  the  cheapest  and  most  satisfactory  denaturant 
which  these  Governments  will  allow  in  a  fuel  alcohol  to  be  sold  oji 
the  open  market. 

NEW  PATENTS. 

Specifivations  of  the  Jollowituj  are  7iow  published,  and  we  .shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Addm<s 
il  Mechanical  Engineer^  53,  New  Bailey  Street,  Manch  ester 

MECHANICAL  1912. 
Elastic-fluid  engines.    Thome.  23497. 

1913. 

Propulsion  of  vessels.    Round.    2*27 :\. 
Steam  generators.    Field.  2458. 

Variable-speed  gearing.   Horsley  and  Daimler  Company.  2479. 
Air  compressors.    Reavell  &  Co.,  Ilea  veil  <fe  Jones.  2754. 
Furnace  tire  bridges.    Cooper.  2979. 

Transmission  gear  or  clutches.    Leitner  &  Kingslaiid.  3423. 
Speed  indicators.    Varley.  5144. 
Change-speed  gears.    Holliday.  5151. 
Hydraulic-pumps.    Rodhe.  5153. 

Multi-cylinder  internal-combustion  engines.    Nyborg.  5229. 
Steam-flow  meters.    British  T h o m so n-H o u sto n  Company.  5^06. 
Vaporisers  for  internal- combustion  engines.    丄 tobei'ts.  5315. 
Valve-gear  of  iuternal-combustion  engines.    Stanbridge.  5403. 
Rotary  motors.    Peterson.  5462. 
Internal-combustion  engines.    Scharf .  5555. 
Utilisation  of  steam  in  steam  turbines.    Parsons.  590G. 
Internal- combustion  engines.    Junkers.  5941. 
Rocking  furnace  bars.    Halstead.  6203. 
Milling  cutters.    R.  Stock  &  Co.  6571. 
Central  exhaust  steam  engines.    Smal.  6577. 
Machines  for  coiling  spiral  springs.    Wagnei-  &  Ficker.  7467. 
Internal-combustion  engines.   Allgemeine  Electricitats  Ges.  9'—':)'. 
Revolving  cylinder  fluid-pressure  motors.    Sellers.  9537. 
Apparatus  for  washing  or  scrubbing  gas.    Williams.  10066. 
Preventing  formation  of  CO  in  cupola  furnaces.  Schurmann.  11(>73. 
Prevention  of  incrustation  in  boilers.    Radaeff .  11354. 
Motive-fluid  generators.    Smith.  11995. 
Internal-combustion  engines.    Penning.  12068. 
Carburetters  of  internal-combustion  engines.    Thomas.  12416. 
Packing  devices  for  centrifugal  pumps.    British  Thomson-Houston 
Company,  and  Collingham.  12838. 


Gas-producers.    Jolly.  13737. 
Melting-pot  furnaces.    Coppee.  14720. 
Curved  teeth  for  gear  wheels.    Bottcher.  15278. 
Adjustable  cutter  for  boring  bars.  Pattinson. 

Locomotive  steam-exhaust  nozzles.    Hay  ward  &  »SaiKk>rs(>n.  10800. 

Automatic  coupling  for  railway  vehicles.    Jlossetto.  17798. 

Carburetters  for  heavy  oils.    Dignef.  18021. 

Gas  generators.    De  Fontaine.  18413. 

Valve  mechanism  for  gas  engines.    Ray  &  Carter.  1!):)4'5. 

Centrifugal  pumps.   Eisenwerk  Akt-Ges.,  and  Sc-hiicidcr.  2(JW. 

Expanding  pulleys.    Decoux.  20794. 

Railway  rail  joints.    Corbin.  20911. 

Metal  melting  furnaces.    Hall.  21158 

1*11)0  couplings.    Viola.  22058. 

？ S  iit  locking  devices.    Holnian  A  Holnian.    2  J.'iliS. 

Belt  shifter.    Mackay.  25352. 

Carburetters.    Furness-Williams.  25758. 

Piston  packing  rings.    Warren.  26159. 

Carburetters  fox*  internal-combustion  engines.    H iiniill. 

Controlling  device  for  internal-combustion  engines.   Kruso.  2701G. 

Lubrication  of  crank  gearing.    Otten .  27033. 

Internal-combustion  engines.    Atwood.  27161. 

Pressure  reducing  valves.    Graham  &  Graham.  27903. 

Band-sawing  machines.    T.  Robinson  &  Son,  Ltd.  ^7990. 

Valves.    Cockburn  &  MacNicoll.  28482. 

Purifying  "producer"  gas.   Walhvin      Sinnatt.  28682. 

Annealing  vessels.  Romer.  29393. 

Means  for  charging  and  discharging  furnaces.  Fernuui,  and 
Ferman  &  Co.  29666. 

1914. 

Vaporisers  for  internal-combustion  engines.  Roberts. 

^\  Lea  us  for  prevtMiting  the  creeping  of  railway  rails.    Bodkin.  2G31. 

ELECTRICAL,  1912. 

Electric  welding.    Jozies.  27496. 

Electric  storage  batteries.    Davies.  28086. 

Regulation  of  dynamos.  British  IMioinso]]  Houston  Companv. 
30107.  . 

1913. 

IV'lophone   y stems.    Siemens  Brothers  &  Co.  2409. 
Automatic  wireless  train  control  apparatus.    Clark.  4(JU1. 
Impulse  transmitting  devices.    Automatic  Telephone  Co.  5249. 
Electrically  controlling  railway  switches.    Alexander.  5295. 
Telephone  exchange  systems.    Western  Electric  Company.    o(jo4 . 
Electric  motor  controllers.    Morrison.  5792. 
Telegraphic  transmitters.    Steljes  &  Eebesi,  Ltd.  5805. 
Motor  control-systems.    Crompton  &  Co.,  and  Burge.  680G. 
Electric  cables.    Smith  &  Garnett.  7311. 

Electrical  indicating  apparatus  for  use  on  steam  trains.  White 

and  (lai'd'Mier.  8273. 
Electric  transformers.    Brain  tt  Leech.    8591 . 

Automatic  systems  of  train  control.  Siemens  Jiros.  Dynamo  Woi'ks, 
Ltd.;  and  Duke.  8624. 

Electric  switch.    Allgemeine  Elektricitats  Ges.  10077. 

Electric  lamps.  Hitzelberger,  and  New  British  Ever-Ready  Com- 
pany. 1412：! 

Supplying  fuel  to  internal-combustion  engines.  Steinbecker.  17298. 
Power-control  system  for  automatic  switches.  Western  Electric 
20591. 


METAL  QUOTATIONS. 

TUESDAY,   MARCH  24th. 

Aluminium  ingot    86/-  per  cwt. 

，,         wire,  according  to  sizes,  &c  from  112/-  ，， 

,,         sheets        ，，  "    "  112/ -  " 

Antimony    £27/10/-  to  £29/10/-  per  ton 

Brass,  rolled   7  J-d.  per  lb, 

，, tubes  (brazed)    9|d.  ，, 

，，       "     (solid  drawn)   7|d.  ，, 

"       ，，      wire    7|d.  ，， 

Copper,  Standard   £65/5/-  per  ton. 

Iron,  Cleveland   50/9  ,， 

，， Scotch   56/9  ，， 

Lead,  English    £19 /Id/—  ，， 

I     Foreign  (soft)    £19/10/—  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  "       medium   3/6  to  G/-  ，， 

,，  ，，  ，，       large   7/6  to  11/- 

Quicksilver   £7/10/ -  per  bottle 

Silver   26 卷 d.  per  oz. 

Spelter    £21/10/-  per  ton. 

Tin,  block  -   £17(5/5/—  ,. 

Tin  plates,  I.C   13/—  per  box. 

Zinc  sheets  (Silesian)    £24/15/-  per  ton. 

"  (Stettin  ；  Vieille  Montague)   £25/2/6  " 
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FLEXIBLE 


METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,   Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  (2) 

ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 


HEAD  OFFICE: 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
Works :  PONDERS   END,  MIDDLESEX. 


Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 


The  "  PERFECT"  VISE 


E.  Dept.       J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 

Fowler's  Mechanics  &  Machinists' 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 


The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  thousands  were  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 


Price  8d.  post  free. 

SCIENTIFIC   PUBLISHING  COMPANY, 

53,  NEW  BAILEY  STREET,  MANCHESTER. 


No.  845. 


Edited  by 

WILLIAM    H.  FOWLER, 

Sc.,  M.Inst.C.E. 


Telegrams:  "Scientific,"  Manchester. 
Telephone  No.  6655  City. 

SUBSCRIPTION  RATES. 


United  Kingdom  :  12/6  per  annum,  post  free. 
Canada :  14/6  per  annum,  post  free. 
A  m  \  where  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*       ，，  "■        Thick  ,， 

*  Foreign  Remittances  by  International  Money  Order  only. 
Note. ― Direct  annual  subscriptions   include  a  Free  Copy  of 
vvler's  "  Mechanical  Engineers'  Pocket  Book." 
Cheques  and  Postal  Orders  should  I"'  made  payal 山' to  tin1  Scientific 
i>ul)iishin<;  Company,  and  forwarded  to  our   Manchester  Office. 
•33,  New  Bailey  Street. 

Advertisements,  rli.splayed,  for  insertion  in  current  issue  shouI<J 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Profit  Sharing  and  Co-partnership. 

An  interesting  report  on  profit  sharing  and  labour  co-part- 
nership abroad  has  been  issued  by  the  Labour  Department  of 
the  Board  of  Trade.  It  is  in  continuation  of  one  issued 
about  18  months  ago  on  similar  schemes  in  the  United 
Kingdom.*  That  report  did  not  encourage  the  belief  that  any 
extensions  of  them  would  provide  a  panacea  for  the  labour 
troubles  that  appear  to  be  more  or  less  a  concomitant  of 
periods  of  trade  prosperity,  and  which  have  been  so  part  icu 
larly  pronounced  during  the  last  few  years.  In  our  comment  - 
on  that  report  we  pointed  out  what  appeared  to  us  to  be  tlie 
reasons  for  this,  and  nothing  that  has  since  transpired  has  led 
us  to  modify  the  views  we  then  expressed.  Advocates  of  profit 
sharing  and  copartnership  appear  to  overlook  some  funda- 
mental considerations  in  the  relations  between  capital  and 
labour.  For  instance,  profits  do  not  alwavs  accrue.  On  tlie 
contrary  losses  often  melt  all  the  capital  away.  Again,  in 
the  early  clays  of  an  enterprise  it  is  diflicult  to  say  w|»at  the 
result  will  be,  and  contingent  profits  are  too  vague  to  induce 
any  workman  to  fetter  an  ordinary  wage  cont  ract  which  lie 
can  break  at  leisure.  At  any  rate  it  is  the  one  on  which  he 
prefers  to  rest  his  relations  with  his  employer,  and  it  certainly 
leaves  him  freer  to  '*  down  tools  "  and  break  the  agreements 
his  trade  union,  which  is  immune  from  any  action  for  wrong, 
than  would  be  the  case  if  he  became  directly  associated  with 
bis  employers'  risks.  It  may  be  said  that,  notwithstand- 
iii"r  this  criticism,  a  mniiher  of  profit  -  sharing  and  <*n- 
partnersliip  schemes  have  worked,  and  clo  work.  >atist'actorilv 
in  the  United  Kingdom ,  but,  compared  with  indust rv  as  a 
、vhole，  they  are  an  insignificant  number,  while  a  review  of 
the  statistics  presented,  as  far  as  the  engineering  and  allied 
industries  are  concerned,  is  particula rlv  ciisoonraging.  The 
analysis  furnished  by  the  Board  of  Trade  showed  that  out  of 
six  mining  and  quarrying  schemes  that  had  been  instituted  all 

*  Sec  our  issue  of  Dccciuber  13th,  191-2,  i，.  7-29,  Vol.  XXX 
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had  been  abandoned  when  the  figures  were  compiled.  In  the 
metal  trades,  of  nine  that  had  been  started  only  one  survived, 
while  out  of  21  concerned  with  engineering  and  shipbuilding, 
there  were  only  four.  The  only  manufactures  in  which 
schemes  of  this  kind  seem  to  endure  are  those  in  which 
a  monopoly  is  more  or  less  enjoyed,  and  in  which  profits 
are  assured,  such,  for  example,  as  gas  works,  wliere  out  of 
34  schemes  originally  initiated  only  one  had  been  abandoned. 
The  manufacture  of  gas  cannot,  however,  be  taken  as  one 
presenting  the  risks  and  anxieties  associated  with  the  making 
of  profits  in  the  majority  of  industries,  and  which  it  seems 
to  us  must  always  be  a  serious  barrier  to  any  schemes 
which  seek  to  combine  the  temporary  interests  of  the  work- 
man as  a  wage  earner,  with  the  interest  of  a  capitalist. 
Capital  is  not,  as  many  workmen  think,  outside  their  reach 
or  confined  to  a  few.  The  great  majority  of  enterprises  are 
collectively  owned,  and  it  is  possible  for  even  the  smallest 
capitalists  to  participate.  There  is  nothing  to  prevent  a 
workman  investing  his  savings  and  participating  in  the  pro- 
fits of  the  millionaire,  nor  is  there  anything  to  prevent  a  body 
of  working  men  running  any  manufacture  they  choose  just  as 
freely  as  they  run  a  trade  uuion.  If  some  of  those  who  talk 
so  much  of  the  tyranny  of  capital  and  the  helplessness  of 
labour  were  to  do  this  they  would  find  that  the  boot  is  oftener 
011  the  other  leg.  The  fact  is  manufacturing  enterprise,  to 
be  successful,  entails  serious  anxieties  and  responsibilities, 
and  depends  more  on  the  qualities  of  the  organisers  than  on 
money.  Such  men  are  workers  as  truly  as  the  humblest 
toilers  in  the  ranks.  Nay,  their  toil  is  usually  more  strenuous 
and  is  only  secured  by  high  rates  of  pay  that  leave  only  a 
small  margin  of  profit  to  capital,  and  often  not  that.  If 
such  men  happen  to  be  employers  their  profits  are  largely  in 
the  nature  of  a  wage  which  their  services  would  command 
in  the  labour  market  like  any  other  worker.  A  man  is  not 
necessarily  less  of  a  worker  because  he  is  an  employer  or  even 
a  capitalist.  Though,  according  to  the  doctrines  of  some 
" labour  leaders/'  if  a  man  lias，  by  working  harder  and  longer, 
by  exercising  greater  thrift  and  self-denial  than  his  fellows, 
accumulated  capital  and  become,  it  may  be,  an  employer,  he 
is  then  fit  only  to  be  dubbed  "  thief  *'  or  "  tyrant.'' 

The  voluminous  report  presented  by  the  Board  of  Trade 
on  the  working  of  profit  sharing  and  labour  co-partnership  in 
continental  countries  and  the  United  States  do  not  modify 
the  conclusions  derived  from  those  that  have  been  tried  in 
this  country.  The  schemes  have  only  been  few  in  point 
of  numbers,  while  many  have  been  abandoned.  France 
is  the  country  in  which  schemes  of  this  kind  have  been 
longest  in  existence,  in  fact,  the  oldest  profit-sharing  scheme 
was  started  by  the  National  Fire  Insurance  Company  of 
Paris  in  1820，  or  45  years  earlier  than  anything  of  the  kind 
was  instituted  in  this  country,  and  insurance  companies 
furnish  the  largest  group  of  businesses  in  which  arrange- 
ments of  this  kind  exist  there  to-day.  Whilst  organising 
ability  is  doubtless  called  for  in  the  management  of  such 
concerns,  it  canuot  be  contended  that  they  present  the 
complex  questions  that  arise  between  capital  and  labour 
in  the  engineering  trades,  where  skill  and  organisation  count 
for  so  much.  In  Germany,  the  report  states,  "  profit- 
sharing  has  made  little  progress,  and  many  of  the  schemes 
introduced  have  been  comparatively  short  -  lived.  Thus  of 
54  schemes  recorded  in  1878，  only  nine  remained  in  exist- 
ence in  the  summer  of  1901，  while  at  the  present  moment 
cm】y  about  30  schemes  in  all  are  known  to  be  in  existence, 
while  the  21  undertakings  for  which  particulars  are  available 
only  employ  about  15，000  persons."   In  Holland,  Switzerland, 


and  Italy  profit-sharing  schemes  are  even  rarer  than  iu  Ger- 
many. In  the  United  States,  notwithstanding  its  enormous 
area  and  infinite  industries,  only  about  25  or  30  firms  are 
reported  as  having  introduced  schemes  of  this  kind,  though 
some  of  the  firms  who  have  done  so  are  very  large.  The  two 
most  conspicuous  are  the  United  States  Steel  Corporation  and 
the  United  States  Rubber  Company,  but  here  again  the  firms 
possess,  more  or  less,  monopolies  of  trade,  and  to  a  great  extent 
are  immune  from  the  risks  associated  with  ordinary  enterprises. 
The  report  states  that,  on  the  whole,  profit  sharing  is 
not  regarded  with  very  great  favour  in  the  United  States, 
either  by  manufacturers  and  business  men,  or  by  economists, 
the  reasons  given  being :  (1)  The  attitude  of  the  trade 
unions,  and  (2)  the  preference  of  employers  for  other  means 
of  improving  the  position  of  their  workpeople,  such  as  welfare 
institutions,  in  the  shape  of  sick,  accident,  and  pension  funds, 
athletic  and  social  clubs,  reading  rooms,  &c.，，  As  regards  the 
British  Dominions,  the  progress  of  profit  sharing  has  made 
even  less  progress  than  elsewhere,  and  curious  to  relate,  in 
Australia  and  New  Zealand,  where  legislation  is  exceedingly 
favourable  to  labour,  it  has,  according  to  the  report,  scarcely 
obtained  any  foothold,  while  the  same  may  be  said  of  South 
Africa  and  Canada.  A  general  survey  of  these  schemes,  iu 
fact,  offers  little  hope  of  relieving  society  from  the  labour 
trouble  in  which  it  is  periodically  involved,  and  which  appears 
to  be  getting  chronic  The  wider  adoption  of  the  principle  of 
arbitration  would  seem  to  offer  a  better  avenue  for  relief,  but 
for  progress  of  any  kind  there  must  be  a  more  general  recog- 
nition by  the  members  of  trade  unions  of  the  sacredness 
of  contracts  in  collective  bargaining,  aud  before  this  is 
attained  much  teaching  will  be  required,  and  also,  we  fear,  iu 
the  lower  ranks  of  labour  much  painful  experience. 


PREVENTING  CORROSION  IN  STEAM  TURBINES. 

It  is  well  known  that  steam  lias  a  corrosive  action  upon  the 
castings,  rotors,  and  blades  of  steam  turbines,  especially  in 
the  case  of  marine  installations.  It  is  found  that  such  cor- 
rosive action  is  almost  entirely  due  to  salt,  principally  in  the 
form  of  chlorides  of  sodium  and  magnesium  coming  over  with 
the  steam  from  the  boilers,  as  sometimes  happens  when  salt 
is  allowed  to  get  into  the  boilers  through  leaky  condensers  or 
in  some  other  way.  The  corrosion  arises  from  a  chemical 
action  on  the  part  of  the  salts  between  the  steel  or  cast  iron 
of  the  bodies  of  the  rotor  or  casing  respectively,  and  the 
brass  or  copper  of  the  working  blades  and  dummy  strips. 
It  is  also  found  that  this  corrosion  is  practically  limited,  at 
any  rate  to  any  serious  extent,  to  the  first  few  rows  of  blades 
and  dummy  strips  with  which  the  fresh  steam  comes  into 
contact.  To  enable  this  corrosive  action  to  be  avoided  the 
Hon.  Charles  A.  Parsons,  Heaton  Works,  Newcastle-on-Tyue, 
proposes  in  a  recent  patent  to  render  tlie  steam  before  admis- 
sion to  the  turbine  substantially  chemically  inactive  as 
regards  the  metal  parts  of  the  turbine.  The  invention 
also  consists  in  a  strainer  through  which  the  steam  passes 
before  entering  the  turbine,  the  steam  in  passing  through 
the  strainer  coming  into  contact  with  metals  similar  to  or  not 
less  active  than  those  of  the  turbine  parts,  so  that  the  cor- 
rosive action  of  the  steam  is  expended  in  tiie  strainer. 

Fig.  1  is  a  sectional  front  elevation  through  the  strainer. 
Fig.  2  is  a  sectional  plan.  Fig.  3  is  a  view  of  one  of  the 
plates  C  seen  from  below.  Fig.  4  is  an  enlarged  sectional 
view  of  one  of  the  groups  of  perforated  plates  and  baffles. 
Fig.  5  is  a  plan  of  Fig.  4.  The  strainer  A  is,  as  usual,  placed 
in  the  conduit  by  which  the  steam  is  conveyed  to  the  turbine, 
and  consists  in  a  number  of  comport  men  ts  B  through  which 
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the  steam  passes  in  parallel.  The  sioam  enters  at  H  and 
leaves  at  li,  following  t\\v,  r (川 rs(>  indicaltMl  hy  the  a rrows, 
the  coiiipartrnciif  s  Ihmii^  provided  witli  a|>ci  (  hits  ,1  J'or  pas 
sage  of  t\\v  s" 、； u".  1 11  t'arli  coinpartrnent  are  provided  per 
f  orated  paitiiions  C  upon  which  a  re  mounted  ； ilt'criia"' 
plates  of  brass  I)  and  steel  E，  these  plates  Ix'iiig  (km  Ioi  ;it<'d 
Tlie  efTrcl  i ve  area  of  these  perforated  pl'itcs  is  i'oiiirolled 
hy  one  or  more  haflles  F.  A  removable  cover  is  provided 
at  the  side  of  the  strainer  A.  It  will  be  seen  tli("'("(>re  that 
(lie  steam  in  passing  t  hrough  each  compartment  of  t  lx* 
strainer  comes  into  contact  with  alternate  plates  made  of  t Ih' 
s;une  metals  as  the  parts  oi  the  turbine.  The  corrosive  act  ion 
of  the  steam  on  these  metals  therefore  takes  pla (！ e  in  the 
strainer,  and  the  salts  in  the  steam  producing  the  corrosion 
are  killed  before  they  reach  the  parts  of  tin;  t urhine.  1  n 
this  way  tlie  steam  is  rendered  cliemically  inactive  upon  tlie 
parts  of  the  turbine  l)eforc  it  is  admitted  thereto.  The  steam 
is  preferably  passed  throu«h  the  {)erf'oraled  pl.itcs  of  hrnss 
and  steel  D  and  E  in  the  strainer  at  a  coniparatively  iiigli 
velocity,  and  the  area  through  the  perforation  of  these  plates 
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made  small  enough  to  ensure  a  small  pressure  drop,  for  in- 
stance, of  31bs.  to  51bs.  per  square  inch  between  the  pressure 
of  the  steam  at  the  inlet  to  and  the  outlet  from  tlie  strainer. 
It  is  found  that  the  extraction  of  a  certain  amount  of  the 
intrinsic  energy  from  the  steam  in  this  manner  promotes  tlie 
diemical  action  of  the  steam  upon  the  perforated  brass  and 
steel  plates  D  and  E  and  ensuies  the  effectiveness  of  the 
strainer  in  rendering  the  steam  chemioally  inactive.  Tlie 
mechanical  construction  of  the  strainer  is  such  that  the  per- 
forated brass  and  steel  plates  can  l)e  readily  removed  and 
replaced. 

It  will  be  seen  that  by  this  arrangement  tlie  detrimental 
corrosive  action  of  the  steam  upon  the  metal  of  vliich  the 
turljine  parts  are  formed  is  transferred  frotn  the  turbine 
parts  themselves  to  a  strainer  where  the  products  of  i\w  cor- 
rosion can  he  easily  removed  and  the  pa  its  attacked  readily 
renewed  as  often  as  required. 


Trials  for  Agricultural  Tractors. ― The  Royal  Agricultural 
Society  j)roposo  to  hold  in  the  autumn  of  1  {)  J  T>  trials  for 
agricultural  tractors  and  tor  ploughs  t o  he  used  wit h  tnirtms. 
A  sub-committee  has  been  appointed  to  d raw  up  the  necos^ai  v 
regulations. 


LIFE  OF  CUPOLA  LININGS. 

The  following  record  of  a  cupola  lining,  given  l，v  M  i .  W.  A 
(iriswold  in  ； i  paper  rcmitl y  read  Ijclon*  t  Im-  A  iiH-rit  an  Foun 
tl ryinen's  Association,  will  he  of  interest  to  l()im 山 vm"'ii,  ； i- 
an  instance  of  the  len^tli  of  life  attainable  when  the  l,ri'k、 
are  given  proper  treatment.  It  was,  he  said,  well  known  that 
even  with  the  best  qualities  of  firebricks  for  cnjiola  lmi'iy>， 
poor  results  were  obtained  when  the  bricks  were  laid  with 
inferior  clays  for  ； i  mortar.  The  more  reaflilv  f'u 、山 I''  d;i、、 
t lius  introduced  between  tlie  best  of  l)r"ks  would  ";u't  a 
sla^^ing  action  witliin  the  range  of  tlu»  inciting  /.our,  aii'J  tlx- 
result  was  a  more  or  less  rapid  washing  away  of  tlie  lining. 
If,  coupled  to  tliis,  tlie  daubing  was  also  prepared  wit ii 
<*lays  higli  in  fluxing  ingredients,  sucli  as  lim(>，  oxide  of  iron, 
alkalies,  &c"  the  result  would  be  a  necessary  relining  of  the 
melting  zone  at  very  frequent  intervals. 

In  the  case  referred  to,  the  firebricks  were  laid  without 
any  clay  mortar  whatever.  They  were  placed  to  within  ••;'"、. 
of  the  shell,  and  the  space  thus  left  filled  with  parting  -aiul. 
Care  was  taken  to  have  the  joints  as  small  as  could  be  made. 
Charging  the  cupola  was  carried  on  with  the  ordinary  care 
that  should  be  given  this  work.  The  blast  pressure  ran  from 
12oz.  to  15oz.，  the  melting  rate  was  from  14^  to  16  tons  |,，'r 
hour,  the  cupola  diameter  inside  the  lining  66i".，  and  tin* 
melting  ratio  from  8* libs,  to  8'41bs.  iron  per  pound  of  coke. 
From  tlie  above  figures  it  will  be  seen  that  full  returns  \\fn- 
expected  from  the  cupola,  and  the  lining  w^s  not  mir，e(i'，  hv 
any  means.  The  lining  was  put  in  Juue  2nd,  1912，  and  no 
new  bricks  were  put  in  until  the  cupola  was  again  relined 
October  19tli，  1913，  it  being  deemed  in;iWvis;il»le  to  t ； i kc  ;imv 
chances.  After  the  lining  was  out,  however,  it  was  seen  that 
the  cupola  could  have  been  run  for  another  1 0( )  lu-at s  safely. 
As  the  castings  to  be  made  were  all  of  the  lightest  character, 
consisting  entirely  of  stove  plate  and  hollow-ware,  very  liot 
iron  was  required.  This  condition  was  accentuated  hy  t  \\c 
fact  that  after  tapping  into  bull  ladles,  holding  about  a 
ton  each,  tlie  metal  was  carried  to  the  different  sections  of  the 
nioulcling-room,  poured  into  hand  ladles,  and  tlitMi  into  tli'' 
moulds.  The  total  melt  during  the  period  in  question  was 
12,775  tons,  which  gave  au  average  of  29" 8  tons  p('r  da  v. 

Where  foundrymen  had  to  reline  the  melt  in^  zone  fre- 
quently, not  to  speak  of  the  rest  of  the  cupola  lining,  a  little 
attention  to  the  work  in  the  first  place,  tlie  (、x<  lu>i。ii  of  m:i，'' 
rials  allowing  fluxing  action  between  the  bricks  t heniselves, 
careful  chipping  to  remove  slag  that  would  continue  to  eat 
in  further  with  every  melt,  and  at  the  same  time  allow  ； m v 
daubing  put  on  io  slip  off  the  moment  tlie  slag  beliind  hecanu' 
soft,  would  result  in  maintaining  the  integrity  of  the  lining 
for  a  surprising  tonnage  and  length  of  tinu1. 


Fatal  Explosion  of  a  Benzol  Drum.  ― A  violent  ex])l(»mn 
occurred  at  the  works  of  Messrs.  Robert  Wilson  iV  Sons,  Lt'l  ， 
engineers,  Bishop  Auckland,  on  March  18th,  resulting  in  tl"' 
death  of  one  man  and  injury  to  another.  It  appears  that  tlie 
men  were  engaged  at  the  time  of  the  explosion  in  welding  a 
crack  in  a  benzol  drum,  and  for  this  purpose  were  usin"'  an 
oxy-acetylene  welder.  As  a  result  of  the  explosion  the  top  of 
the  drum  was  blown  off,  and  the  flying  metal  caught  (Itv", 卜'' ' I 
At  the  inquest  it  was  stated  the  drum  was  cleaned  by  rolling 
it  up  and  down  the  yard.  Steaming  is  the  usual  method  of 
cleaning  these  drums,  but  it  was  admitted  that  this  was  not 
carried  out. 

The  Junior  Institution  of  Engineers:  North-western  Section.  — A 

meeting  of  tliis  Section  was  held  on  March  '2Gth,  at  wliirli  M  r. 
T.  R.  Wollaston,  M.I.M.E.,  opened  a  discussion  on  •  Tl"' 
Power  Driving  of  Small  Workshops."  Plant  n"iuiriii;  _(»  h.p. 
was  taken  as  the  basis  of  discussion.  The  olaiins  of  steam, 
petrol,  oil,  and  gas  engines  were  considered,  and  a  roiupa rison 
of  the  latter  tvpe,  using  town's  gas  and  producer  gas,  was  mad*' 
All  these  methods  were  shown  to  compare  mifavourahly  with 
elertrio  motors,  driven  bv  current  iiurchased  from  a  generating' 
station.  Economies  in  space  and  cost  of  cu rrent  on 
loads,  absence  of  noise,  smell,  a  nil  vihration,  also  ease  in 
transmission  of  ])o\ver  to  different  parts  of  the  building,  were 
some  of  the  advantages  pointed  out. 
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DIESEL  ENGINE  DESIGN. 

J  n  the  course  of  the  discussion  on  llu*  paper  oil  "  The  rn'sriit 
Position  of  the  Diesel  Engine,  (Miieflv  iii  Mmi  hh'  riopulsion," 
read  by  Mr.  George  Carels,  before  the  North-east  Coast 
Institution  of  Engineers  and  Shiphuiklers,  on  November  28th 
last ,  and  reproduced  in  our  issues  of  December  12th  and  19th 
(see  pp.  549  and  579，  Vol.  XXXII.),  Mr.  W.  R.  Cummins 
referred  to  some  of  the  faults  in  existing  designs  of  Diesel 
engines  and  gave  particulars  of  a  proposed  design  to  over- 
come them.  His  remarks,  reproduced  from  the  March  issue 
of  the  transactions  of  the  Institution,  are  as  follows  ： ― 

Mr.  W.  R.  Cummins  explained  that  the  weak  points  of  the 
marine  Diesel  engine  as  at  present  constructed,  were  the 
barrel  or  liner,  the  cylinder  cover,  and  the  piston ― in  fact, 
those  parts  which  were  exposed  to  high  pressures  and  tem- 
peratures. TBis  applied  to  both  the  4-stroke  and  the  2 - stroke 
engine,  but  perhaps  in  a  greater  degree  in  the  latter  owing  to 
the  increased  output  demanded  of  the  same  size  of  cylinder. 
He  had  prepared  diagrammatic  sections  of  the  upper  part  of 
the  cylinder  and  piston  of  several  types  of  Marine  Diesel 
engines,  but  before  considering  any  of  these  he  thought  it 
would  be  well  to  set  forth  the  conditions  to  be  observed  in 
order  to  deal  successfully  with  the  temperatures  and  pressures 
experienced. 

In  the  first  place,  the  surface  exposed  to  burning  fuel 
should  be  as  large  as  practicable  and  cooled  in  the  most 
efficient   manner.     This  might   entail  a   small   sacrifice  of 


Fig.  1— Burmeister  &  Wain,  Carels,  Schneldeb-Cabels  and  Sulzer. 

thermal  efficiency  but  nevertheless  was  absolutely  necessary 
if  reliability  was  to  be  secured.  The  problem  of  cooling 
became  more  difficult  as  the  diameter  of  cylinder  increased, 
because  the  amount  of  heat  carried  away  varied  with  the 
cylinder  volume,  although  the  surface  did  not  increase  in  the 
same  ratio  as  the  volume.  The  adoption  of  the  2-stroke 
principle  also  increased  the  difficulties. 

The  working  barrel  or  liner  should  be  of  exceedingly  hard 
close-grained  material  to  enable  it  to  stand  the  wear  of  the 
piston  rings,  which  up  to  the  present  had  always  been  of 
Ranisbottoni  type .  Such  piston  rings  allowed  the  gas  to  get 
behind  them  and  press  them  outwards  against  the  cylinder 
walls,  thus  causing  great  wear  unless  the  liner  was  very  hard. 
The  barrel  or  liner  should  also  be  as  thin  as  practicable,  and 
of  high  thermal  conductivity  to  enable  the  greatest  possible 
amount  of  heat  to  be  transmitted  to  the  cooling  water.  This 
restriction  as  to  thickness,  in  order  to  maintain  a  reasonable 
thermal  gradient,  necessitated  the  material  being  of  great 
tensile  strength  to  enable  the  barrel  to  meet  the  heavy 
bursting  pressure  it  had  to  withstand .  In  addition,  the 
barrel  should  be  free  to  expand  both  longitudinally  and 
radially,  and  there  should  be  no  ribs  to  prevent  this  or  to 
cause  distortion. 

The  cylinder  cover,  or  head,  should  be  of  high  Uiermal 
conductivity,  with  the  maximum  of  surface  exposed  to  the 
direct  influence  of  the  cooling  water.  If  a  separate  cover  be 
used,  the  making  of  the  joint  should  not  impose  on  the  cover, 
or  its  studs,  any  stress  in  excess  of  that  produced  by  the 
pressure  in  the  cylinder.  Finally,  the  piston  should  be  of  high 
conductivity  material,  of  perfectly  symmetrical  form  and  uni- 
form thickness.  The  fuel  valve  should  be  placed  as  far  above 
the  piston  as  possible,  to  protect  the  crown  of  the  piston  from 
the  blast  of  the  burning  fuel. 


The  only  in;ttcri;il  wliirli  appeared  to  stand  up  against  the 
high  temperatures  and  t  Itc  friction  of  the  piston  rings  was  a 
cast-iron  inixt  urc  ；  l>ut  it  was  unloriunate  that  cast  iron  lind  a 
re?hit  ively  low  lieat  i-oiuluct  ivity,  and  not  a  naturally  hi^h 
tensile  strength.  Again,  cast  iron  was  not  naturally  adapt cfl 
to  withstand  fatigue,  a  type  of  stress  which  had  to  be  expected 
owing  to  the  marine  engine  having  no  regular  periods  of  rest . 

Having  enumerated  these  conditions,  Mr.  Cummins  wished 
to  examine  the  various  designs  of  Diesel  engines  in  order  to 
see  how  they  were  fulfilled.  Taking  the  Burmeister  <k  Wain 
4-stroke  design  (Fig.  1),  it  would  be  seen  that  the  cast-iron 
liner  was  dropped  into  the  water  jacket  and  held  down  at  its 
top  end  by  the  cylinder  cover.  The  bottom  end  of  the  liner 
was  free,  and  was  able,  therefore,  to  expand  longitudinally 
when  lieated  up.  It  would  be  apparent  that  the  material  used 
for  these  liners  must  have  a  high  tensile  strength.  Taking  the 
thickness  as  given  in  the  published  drawings,  the  stress  due  to 
7501bs.  per  square  inch  in  the  cylinder  worked  out  to  about 
4,2001bs.  per  square  inch  ；  a  factor  of  safety  of  6  would  require 
a  tensile  strength  of  11  tons  as  against  8 ― 8^  tons,  which 
was  the  strength  of  cast  iron  generally  used  for  steam  engine 
liners.  Metallurgists  had,  however,  been  able  to  produce 
material  of  15  tons  tensile  strength  at  ordinary  temperatures, 
and  it  would  be  interesting  to  know  what  reduction  of 
strength  occurred  under  actual  working  conditions.  With 
such  high  tensile  strength  must  be  associated  great  hardness 
usually  inseparable  from  brittleness  and  inability  to  withstand 
fatigue. 

Tlie  next  point  to  observe  was  the  heavy  flange  at  the  top  of 
the  liner,  and  the  ineffective  cooling  at  that  point.  The  heavv 
flange  might  help  to  increase  the  strength  of  the  liner,  but  it 
must  prevent  free  radial  expansion,  and  thus  set  up  non-cal- 
culable stresses.  The  cover  contained  five  valves,  and  the 
space  occupied  by  them  did  not  leave  much  room  for  water- 
cooled  surface.  Also  the  cold  air  inlet  at  one  side  of  the 
cover,  and  the  hot  exhaust  outlet  at  the  other,  must  cause  un- 
known temperature  stresses.  The  cover  joint  was  made  by  a 
spigot  in  a  recess  in  the  liner  flange.  In  hardening  up  this 
joint,  the  cover  and  studs  had  a  heavy  stress  put  on  them, 
which  was  additional  to  that  produced  by  the  pressure  in  the 
cylinder.  The  piston  head,  it  would  be  noticed,  was  very 
thick,  as  the  cooling  was  by  oil  (which  was  comparatively  in- 
effective), radiating  ribs  being  cast  internally  on  the  crown,  to 
help  matters.  The  piston  was  dished  downwards  in  the  centre 
to  protect  it  as  much  as  possible  from  the  fuel  blast.  In  spite 
of  this  the  fuel  valve  did  not  appear  to  be  sufficiently  far  away 
from  the  piston,  or  the  latter  would  not  need  to  be  so  thick. 

The  same  diagram  (Fig.  1)  would  serve  to  illustrate  the 
Carels.  design,  and  the  same  remarks  applied  to  the  liner,  but 
it  must  be  remembered  that,  being  a  2-stroke  engine,  the 
liner  must  transmit  a  very  much  larger  amount  of  heat  than 
that  of  the  4-stroke.  The  Carels  cylinder  cover  had  seven 
valves,  and  therefore  very  little  water  cooled  surface  was 
available.  The  piston  whs  much  more  deeply  dished  than  the 
Eurmeister  &  Wain  type,  and  was  cooled  by  water. 

The  Sulzer  design  might  also  be  illustrated  by  Fig.  1 
diagram.  It,  however,  had  port  scavenging,  and  therefore 
only  three  valves  in  the  cylinder  cover,  which  consequently 
could  be  more  effectively  cooled  than  the  other  types. 

Turning  next  to  the  Werkspoor  design  (Fig.  2.),  it  would 
be  seen  that  the  cylinder  head  and  the  barrel  were  of  cast  iron 
in  one  piece,  which  entailed  not  only  drawing  the  piston  from 
below,  but  also  a  great  deal  of  additional  expense,  if  the 
cylinder  barrel  had  to  be  renewed.  The  importance  of 
efficient  cooling  of  the  barrel,  at  the  point  of  maximum  tem- 
perature, had  been  recognised  in  this  design,  and  in  tluit 
respect  was  much  superior  to  the  Burmeister  &  Wain,  Carels, 
and  Sulzer  types.  Additional  strength  and  cooling  surface 
was  given  by  a  circumferential  rib  near  the  top  of  the  barrel, 
which,  however,  wotilcl  prevent  free  radial  expansion,  and  W 
liable  to  cause  sponginess  in  the  cylinder  bore .  As  there  、v;i.、 
no  cover,  there  was  no  high  pressure  joint  to  】nake，  but  on  the 
other  hand,  the  radial  ribs  running  from  the  barrel  to  the 
stud  bosses  would  not  allow  of  a  free  radial  expansion,  the 
result  being  that  the  barrel  would  want  to  bulge  out  between 
the  ribs,  and  set  up  unknown  stresses.  There  were  five  valves 
in  the  head,  and  these  would  occupy  a  large  amount  of  sur- 
face, which  could  otherwise  be  devoted  to  water  cooling.  The 
piston  was  dished  downwards  to  protect  it  from  the  fuel  blast, 
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and  was  cooled  l)y  water.  The  design  of  t he  Krupp  cyliiidcr 
was  very  similar,  and  t  lic  same  remarks  ap|>lic(l  ")  it  - 

Passing  on  to  t  li(、  Pohir  dosi^n  ( Ki^.  i>),  1  lie  barrel  was  cast 
ill  one  with  tlie  wal er-jackel,  and  to  r('"l;ir('  ； i  worn  barrel 
entailed  an  entirely  new  cylinder.  Tlio  l>;in('l  ； i  nd  water- 
jacket  were  joined  togellier  at  the  top  by  metal  into 
wliich  the  cover  studs  were  screwed.  Tins  did  noi  allow  free 
expansion  of  llie  l>arroI  in  a  lon^it udina  1  dirccl  ion.  The  top 
of  the  barrel  also  could  not  expand  fVtM'l y  in  a  r;i(li;il  dircci  ion 
on  accouni-  of  those  stud  bosses.  It  would  be  noticed,  however, 
that  the  water  cooling  at'  i-lie  t"!>  (>「  1  lie  barrel  was  ^ood,  and 
nearly  equal  to  t  hat'  of  tlie  Werksjxioi-  and  K  ru)>j>.  Tin' 
rvlinder  cover  contained  only  two  small  valves,  owing  to  port 
scavenging,  and  liad  therefore  ample  water  cooled  sui-facc.  II 
was,  however,  of  unsymnietrical  shape,  and  1  licrctorr 
to  contraction  stresses.    The  piston  also  was  of  unsym metrical 


shape,  due  to  the  method  of  scavenging.  In  the  larger  sizes 
it  was  cooled  by  water. 

The  Reiherstieg  (Fig.  4)  was  a  modification  of  the  Carels, 
and  it  would  be  seen  that  an  attempt  had  been  made  to 
increase  the  efficiency  of  the  water  cooling  at  the  top  of  the 
liner.  The  wide  flange  at  the  top,  however,  would  effectually 
prevent  radial  expansion,  and  it  was  difficult  to  see  how  the 
metal  would  adjust  itself  when  heated. 

In  the  Junkers  design  (Fig.  5)  the  cylinder  consisted  of  a 
plain  barrel  with  exhaust  ports  at  one  end  and  scavenging 
ports  at  the  other.  There  were  no  cylinder  covers,  properly 
speaking,  their  place  being  taken  by  two  opposed  pistons.  At 
first  sight  this  appeared  to  be  an  ideal  design,  as  it  was 
practically  valveless,  and  the  barrel  could  be  efficiently  cooled 
at  the  point  of  maximum  temperatures.  There  were,  how- 
ever, three  bosses  cast  on  the  barrel  for  the  fuel,  starting,  and 
relief  valves,  and  the  presence  of  these  bosses  was  certain  to 
lead  to  trouble. 

Now,  looking  at  the  various  examples  illustrated,  and 
realising  the  severe  conditions  imposed,  it  seemed  extra- 
ordinary that  the  Diesel  engine  should  have  already  attained 
such  a  large  measure  of  success  in  marine  work.  It  seemed, 
at  first  sight,  to  be  more  a \ problem  for  the  big  gun  maker, 
rather  than  the  engine  builder.  Mr.  Carels  had  quoted  Prof. 
Junkers'  figures  for  the  amount  of  heat  transmitted  to  the 
jacket  water  through  tlie  cylinder  walls,  viz.,  260,000  calories 
per  hour  per  square  metre,  equivalent  to  95,000  B.T.U.  per 
liour  per  square  foot.  Tliis  was  presumably  for  the  Junkers 
type  of  engine,  and  it  would  be  interesting  to  roughly  calcu- 
late the  heat  transmission  for  a  Carels  cylinder  20in.  diam., 
36iii.  stroke,  developing  285  h.p.  at  100  revs,  and  lOOlbs. 
mean  pressure.  Taking  the  loss  of  heat  through  the  jacket 
water  to  be  34  per  cent,  and  exhaust  loss  24  per  cent,  of  tlie 
heat  value  of  the  fuel,  the  】1T.U.  transmitted  to  the  cooling 
water  would  be 

34    33,000  x  60 


285x^X 


~  =590,000  B.T.U.  per  houi 


It  was  probable  that  at  least  two-thirds  of  this  lieat,  viz., 
o9o,.300  B.T.U.,  was  given  up  during  the  constant  pressure 
period.    The  surface  available  for  transmission  would  be  ： ― 

Piston  head    325 

Cylinder  cover  ...  195 

Liner    283 

803  sq.  in.  ―  5'6  s(|.  t't . 
that  the  mean  raio  o(  i ransinission  was  no  less  tlian  70,000 
B.T.U.  per  hour  per  square  foot,  and  ilu*  niaxiumni  consitlor- 


ably  more.  Now  in  a  steam  l>oiler  the  rate  was  only  oim*  - i x  1 1 i  oi 
this,  and  comparatively  tliin  steel  plates  were  usod  which 
20  per  cent.  )>et  ier  licat  cDiuluct  ivit  v  t  han  cast  ii  on,  hut  in 
spite  of  this  1  he  unfortunate  results  of  a  mere  film  of  oil  o,i  t  Im* 
heating  surfaces  were  well  known.  Mr.  Carels  said  it  was 
entirely  a  nuit t of  rriel.allur^v,  and  certainly  the  hi^lu-st 
credit  was  due  to  those  who  had  achieved  so  nuirli  in  su<-li  ；, 
short  space  of  time.  It  seemed  to  Mr.  Cummins,  however, 
tliat  the  metallurgist  could  he  helped  a  great  dtr,i\  l)v  \tiot\\i\<  H 
t  ions  in  design. 

Fig.  6  illustrated  a  design  intended  to  fulfil  a  great  many 
of  the  conditions  laid  down  in  the  early  part  of  his  remark's. 
As  would  be  seen,  the  top  of  the  liner  was  perfect  Iv  free,  and 
reinforced  circumferentially  by  a  number  of  steel  rings  shrunk 
on  the  outside,  and  separated  from  one  another  by  a  space 
which  allowed  the  cooling  water  to  have  access  riglit  up  to  1  in- 
cast  iron,  irrespective  of  its  tensile  strength,  as  the  l>ui>t in^ 
stress  was  taken  care  of  by  the  steel  rings.  The  cast  in'ii 
could  be  comparatively  tliin,  and  the  comhiiiation  formed  a 
very  efficient  cooling  arrangement.  It  would  be  noticed  t  liat 
the  level  of  the  cooling  water  in  t  he  j;ickct  was  well  ahovc  t  Ik- 
bottom  of  the  cylinder  cover.  The  top  of  the  liner  was  con- 
nected to  the  water  jacket  by  a  flexible  tinned  copper  disc, 
wliich  allowed  perfect  freedom  of  expansion  to  t ho  lim'r  to 卜 
both  longitudinally  and  radially.  The  difference  in  t he 
coefficient  of  expansion  of  the  cast-iron  liner  and  the  steel 
rings  was  compensated  by  their  differing  temperatures.  The 
cast-iron  liner  expanded  less  per  degree  of  heat  than  the  steel 
rings,  but  the  cast  iron  had  a  greater  mean  temperature  t Iian 
the  steel  rings. 

The  diagram  showed  the  2-stroke  cycle  design,  and  it 
would  be  noticed  that  the  exhaust  ports  and  the  scaveirji  irj 
ports  (the  latter  were  not  shown)  were  cast  in  one  with  the 
outer  wall  of  the  water  jacket,  so  that  each  separate  port  was 
water  jacketed  all  round  and  leakage  from  the  jacket  made 
impossible.  Also,  the  difficulty  of  making  a  sliding  water- 
tight joint  at  the  ports  involving  very  delicate  and  accurate 
machining,  as  in  the  Carels  and  Sulzer  design,  was  entirel v 
eliminated.  By  removing  the  upper  part  of  the  outer  wall  of 
the  jacket,  the  extension  of  the  liner  with  its  reinforcing  rings, 
and  the  exterior  of  the  exhaust  ports,  were  perfectly  accessible 
for  scaling  and  cleaning.  The  cylinder  cover  had  a  central 
bung,  projecting  into  the  bore  of  the  liner,  and  fitted  with 
six  spring  rings.  The  joints  of  these  rings  were  so  cut  t  hat 
there  was  no  straight  flow  through  tor  the  gas.  There  might 
be  a  slight  leakage  past  them,  but  it  would  be  much  less  than 


Fig.  3.— Polar. 

that  in  the  Junkers  engine.  As  the  cover  joint  was  made  bv 
these  rings,  there  was  no  stress  put  on  the  cover  or  the  st uds, 
other  than  that  produced  by  pressure  in  the  cylinder.  The 
design  as  shown  was  intended  for  port  scavenging,  and  only 
two  valves,  fuel  and  relief,  were  shown  in  the  cover.  The 
absence  of  the  starting  valve  will  be  explained  later.  The 
fuel  valve  was  placed  at  the  top  of  a  deep  conical  rere>s.  >o 
that  the  piston  was  well  protected  from  tlie  blast  of  the  fuel, 
and  could  therefore  be  】nade  much  thinner  in  the  crown  than 
was  usually  the  case.  The  conical  recess  also  added  to  the 
water-cooled  surface.  The  more  heat  there  was  taken  away 
by  the  cover  and  liner,  the  less  would  remain  for  the  piston 
to  remove  which  would  always  be  the  most  difficult  part  to  cool 
effectual lv.  Owing  to  the  increased  surface  of  the  cover  as 
shown,  the  rate  of  heat  transmissiou  for  a  cylinder  of  same 
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siy.r  ； i iid  (-(indit ions  as  (juott'il  ； il)ove  was  18  per  cent.  less.  The 
design  eliminated  most  of  tlio  difficulties  which  all  present 
designs  would  experience  in  passing  to  the  large  diameter 
cvliiuler,  and  the  met;illurgist  was  relieved  of  the  necessity  of 
producing  high  tensile  strength  material. 

Mr.  Carets  raised  the  point  of  4 -stroke  revs  us  2-stroke, 
anil  valve  scavenging  rrrsits  port  scavenging.  It  appeared  to 
Mr.  C'uininins  that  simplicity  and  reliability  demanded  the 
2- stroke  port  scavenging  type.    Valves  opening  inwards  into 

  a    cylinder     would     not  be 

tolerated  for  an  instant  on  a 
^^^m^mm^^-H  i  i  tu'  s1  c;)(n  ； m<l  1  ln'V 

should  not  be  tolerated  on  a 
marine  Diesel  -  He  had  heard 
of  no  authentic  cases  of  valves 
falling  into  the  cylinder,  but 
there  was  the  possibility,  and 
if  such  a  thing  happened  it 
I^HHHHHl  \v'>ul(l 

^^^^^^^^^^^    smash.    It  was  quite  true  thai 
^^^L-^^^^^^^W    more  perfect  scavenging  could 
画 一 be    obtained     by    valves  in 
the   cover,   but  an  imperfect 
scavenge  did  not  decrease  the 
thermal     efficiency     of  the 
engine.      This  point  was  not 
醒         一 ^^H^^B     m;nh'  « ■!('；!  Mr.  r''h 

隱  jM  his  paper.      An  imperfect 

scavenge   merely  affected  the 
■  I.H.P.  obtainable  from  a  given 

Vig.  i— Keihkrstieg-c.vbels.        cylinder.    With  a  cylinder  full 

of  pure  air  there  was  enough 
oxygen  present  to  burn  sufficient  fuel  to  give  a  heavy  overload, 
which  was  the  very  thing  to  be  avoided  in  the  marine  Diesel 
in  its  present  stage  of  development.  A  sudden  increase  in  the 
amount  of  heat  developed  in  the  cylinder  might  quite  over- 
power the  inadequate  cooling  facilities  and  be  the  cause  of  the 
overheating  and  cracking  which  had  done  so  much  to  retard 
progress.  Port  scavenging,  by  restricting  the  supply  of 
oxygen,  formed  a  natural  safety  device  against  overload.  For 
instance,  in  a  2-stroke  cylinder  20in.  diam.  and  36in.  stroke, 
the  horse-power  per  revolution  at  100  revs,  with  lOOlbs.  mean 
pressure  would  be  285，  and  the  fuel  burned  per  hour  at  '351b. 
fuel  per  horse-power  hour  would  be  99'751bs.，  which  required 
for  its  complete  combustioir  l,5051bs.  air.  Now  if  the  cylinder 
were  filled  with  pure  air  at  atmospheric  pressure  and  tempe- 
rature, by  perfect  scavenging,  its  capacity  would  be  2,8801bs. 
of  air  or  90  per  cent,  more  than  that  required  for  complete 
combustion.  Hence  it  might  be  possible  to  burn  90  per  cent . 
more  fuel  per  stroke  and  thus  generate  90  per  cent,  more  heat, 
a  very  considerable  and  undesirable  temperature  overload. 
The  surplus  air,  when  burning  fuel  to  give  lOOlbs.  mean 
pressure,  acted  merely  as  a  diluent  and  might  be  replaced,  as 
in  the  case  of  imperfect  scavenging  by  exhaust  gases,  provided 
the  scavenging  and  fuel  injection  arrangements  were  such  as 
to  give  the  oxygen  free  access  to  the  fuel. 

A  series  of  experiments  on  these  two  systems  of  working, 
viz.,  diluent  in  one  case  pure  air  supplied  at  atmospheric 
temperature,  and  in  the  other  case  exhaust  gases  supplied  at 
exhaust  temperature,  would  be  most  instructive.  Such  an 
experiment  would  probably  show  a  thermal  efficiency  in  favour 
of  the  exhaust  gas  diluent. 

Now  if  the  scavenging  arrangements  supply  only  sufficient 
air  to  give  751bs.  mean  pressure,  then  the  fuel  economy  would 
be  about  the  same  as  for  lOOlbs.  mean  pressure,  as  it  was  a 
well-known  fact  that  the  fuel  economy  of  the  Diesel  engine 
(1  i < I  not  vhi  v  much  between  five-eighths  load  and  full  load.  The 
weight  and  cost  economy,  however,  would  suffer,  hut  it  would 
still  be  50  per  cent,  better  ofT  in  this  respect  than  the  4-stroke. 
lii  inercauiile  marine  work  the  weight  economy  was  not 
important,  and  there  was  a  good  margin  in  weight  over  the 
steam  plant.  Nothing,  however,  could  yet  be  said  about  cost 
economy,  and  whether  there  was  any  likelihood  in  the  future 
of  a  margin  over  the  steam  plant  costs. 

As  regards  the  reason  why  the  normal  mean  pressure  in 
2-stroke  engines  was  less  than  that  of  the  4-stroke,  the  answer 
appeared  to  be  that  the  present  design  of  2-stroke  engine 
cylinder  had  just  overstepped  its  temperature  limitations.  If, 
however,  improvements  could  be  made  in  the  cvlinder  design 


I o  ('liable  it  to  deal  with  a  greater  amount  of  heat,  there  \v;ts 
no  reason  why  the  mean  pressure  should  not  be  equal  to  that 
of  t  he  4-stroke,  and  if  an  overload  was  required  the  Sulzer 
auxiliary  ports  could  be  adopted. 

Mr.  Carels  referred  to  troubles  with  the  starting  valve. 
In  the  first  place  it  was  a  valve  opening  inwards  and  therefore 
an  abomination.  It  was  also  liable  to  stick,  and  further,  it 
was  quite  possible  that  the  use  of  starting  air  in  the  power 
cylinder  itself  might  be  responsible  for  cracks  initiated  during 
manoeuvring.  Air  at  5001bs.  pressure  and  atmospheric  tempe- 
rature, expanded  down  to  atmospheric  pressure,  was  lowered 
in  temperature  to  about  280。  below  zero  Fahrenheit.  When 
manoeuvring,  the  surfaces  of  the  piston,  cylinder  cover,  and 
cylinder  walls  were  exposed  alternately  to  air  at  a  very  low 
temperature  and  gas  at  combustion  temperature.  Where  the 
design  admitted  it,  it  would  be  infinitely  preferable  to  use  the 
scavenging  cylinder  as  the  starting  cylinder,  as  carried  out  in 
the  Polar  design,  thus  dispensing  with  the  starting  valve  in 
the  power  cylinder  cover. 

Mr.  Carels  had  not  referred  to  another  trouble  experienced 
by  some  of  the  2-stroke  engines,  viz.,  bearing  troubles.  In 
the  ordinary  2-stroke  engine,  unlike  the  4-stroke,  the  pressure 
on  the  top  and  bottom  ends  and  the  main  bearings  was  always 
downwards,  the  result  being  that  lubrication  presented  diffi- 
culties. The  first  bearings  to  show  trouble  from  this  uni- 
directional thrust  were  the  top  ends,  and  these  were  now  fitted 
with  some  system  of  forced  lubrication.  Now  the  bottom  ends  of 
the  main  bearings  might  run  satisfactorily  with  drip  lubrica- 
tion, provided  everything  was  nicely  adjusted  and  the  brasses 
were  in  first-class  order.  If,  however,  there  was  a  slight  want 
of  alignment,  due  perhaps  to  the  working  of  the  ship  in  a  sea 
way,  or  if  any  of  the  bearings  commenced  to  heat  up,  the 
trouble  would  be  cumulative  and  might  lead  to  a  compulsory 
stoppage.  One  remedy  for  this  ever-present  danger  would  be 
the  use  of  forced  lubrication  all  over,  as  was  carried  out  in 
some  engines,  but  this  entailed  a  totally  enclosed  engine  which 
was  not  yet  popular  with  sea-going  engineers.  An  alternative 
method  and  one  which  had  many  other  advantages,  was  to 
cushion  the  reciprocating  weights  on  the  down  stroke  by  an 
air  cushion.  This  system  was  used  by  the  National  Gas 
Engine  Company,  and  the  Westinghouse  Gas  Engine  Com- 
pany, in  their  4-stroke  vertical  tandem  cylinder  gas  engines. 
An  air  cushion  was  also  used  by  Willans  &  Robinson  in  their 
steam  engines.  It,  however,  cushioned  the  up-strokes  and  was 
intended  to  keep  the  connecting  rods  in  "  constant  thrust  ，'  by 
absorbing  the  inertia  of  the  reciprocating  parts  on  the 
upstroke.  The  following  was  an  abstract  from  a  letter 
Mr.  Cuinniins  had  received  from  the  National  Gas  Engine 


Fig.  5.— Junkeks. 


Company  :  "  Cushioning  is  adopted  in  all  our  vertical  tandem 
gas  engines.  We  consider  the  arrangement  most  satisfactory, 
both  as  to  obtaining  sweeter  running  of  tbe  engine,  and  also 
improving  the  turning  effort,  as  an  engine  working  on  this 
arrangement  is  practically  a  double-acting  engine.  As  you 
will  readily  understand,  the  cushioning  takes  place  between 
the  top  piston  and  the  cover  over  the  bottom  cylinder.  This 
cushion  cylinder  is  fitted  with  a.  shifting  valve  and  a  relief 
valve,  so  that  the  air  under  the  piston  shall  be  compressed  from 
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； il  iiiusphcric  pressure  up  ")  such  ； i  |ncssure  as  t o  al)s。i.l>  t  he 
ineriiii  forces  of  t  he  r('ri|>ro(';it  iiii;  parts. " 

7  showed  how  t  ho  cushioning  could  l»c  applied  I  o  a 
siiigle-artiiig  Diesel  engim'.     1 1  wo'ild  he  sctMi  t  Iwit  t  \\v 
power  piston  \v;is  stcpjied  to  form  i  he  scfivcu^in^  j)isloii.  Tli(' 
scavenging  ]Hston  worked  in  a  cylinder  of  which  the  upper  part 
fonned  the  scavenging  pump.      The  lower  part   t'orniccl  ilie 


Fit; .  6.— Cummins  Di':si"n.    (Patent  applied  fobJ 


cushioning  cylinder  when  the  engines  were  running  lionnally, 
and  the  starting  cylinder  when  manoeuvring.  On  the  down- 
stroke,  air  was  compressed  in  the  cushioning  cylinder  to  about 
451bs.，  which  would  just  balance  the  inertia  of  the  recipro- 
cating parts.  At  the  bottom  of  the  stroke,  therefore,  there 
was  no  load  on  the  main  bearings,  nor  on  the  top  and  bottom 
ends,  and  the  lubricant  could  distribute  itself  freely  over  the 
surfaces.  In  an  uncushioned  engine  with,  say,  a  20in. 
cylinder,  there  was  a  useless  load  on  the  bearings  at  the 
bottom  of  the  stroke  of  about  15  tons.  In  a  cushioned  engine 
iliis  load  was  bottled  up  in  the  cushioning  air  ready  to  do 
useful  work  on  the  up-stroke.  The  work  thus  stored  \\\)  in 
the  cushioning  air  during  the  down-stroke  was  able  to  do 
about  70  per  cent,  of  the  negative  work  of  compression  in  the 
power  cvlinder  on  the  up-stroke.  In  the  ordinary  way  t In- 
whole  of  this  negative  work  was  done  l)v  the  flywheel,  or  t  he 
other  cylinders,  acting  tlu'ougli  the  crank  sha ft  and  tlw  (  (m 
necting  rod.  If  therefore  cushioning  was  used  (he  ht'atin^ 
surfaces  on  the  up-stroke  had  70  per  cent  ,  less  work  to  do  Uimu 
the  uncushioned  engine  bearings. 

The  arrangement  made  the  engine,  in  a  sense,  (J(»ul>lr 
acting,  and  much  improved  the  t  uniiji^  cITort  a ixi  Hie 
mechanical  efliciency.  In  the  ordinary  Die.sel  engine,  mviiig 
to  the  high  working  pressure,  the  weight  of  the  reciprocal  in^ 
I>a rts  was  nai urallv  much  greater  than  that  of  the  steam 
engine.  This  extra  weight,  especially  if  associated  with  lii^hcr 
revolutions,  largely  increased  the  inertia  effect.  This  was  of 
great  advantage  at  the  top  of  the  stroke,  as  it  decreased  the 
initial  load  on  the  1h 、； iriug  surfaces  during  t he  latier  pari 
the  compression  stroke  and  the  first  part  of  the  power  stroke. 
For  instance,  suppose  the  inertia  efTect  at  the  top  of  the  stroke 
was  equivalent  to  1251bs.  per  scjuare  im'h  in  the  power 
cylinder,  then  the  initial  load  on  the  bearings  was  reduced 
25  per  cent.  At  the  bottom  of  the  stroke  the  increased  inertia 
efTect  was  an  innnixed  evil,  as  it  placed  a  quite  useless  load  on 
the  bearings  and  prevented  proper  lubrication.  Tf,  however, 
the  down-strokes  were  cushioned  a  large  inertia  effect  was 
advantageous,  as  it  made  the  engine  more  nearly  double  act- 
ing, decreased  the  loads  ou  the  bearings,  improved  the  turning 


cllorl ,  and  onahl^l  ；)  l;i  i^n  |>n,|"".f  a\'  i  he  uc^'a!  i\  «•  work  oi 
coiiipression  to  he  done  Ijv  t  lie  cusliioiiiua  air,  ;umI  1  \wis  (ciidcfJ 
to  keep  the  pressure  on  1  Ik*  ;'m(l''s  in  <mr  flir<M-l  ion. 

Referring  again  to  l'，ig.  7,  t  lie  Martin^  valves  for 
niaiioeuvring  were  arranged  to  admit  and  exhaust  air  to  ;hkJ 
from  the  under  side  of  the  large  piston,  whicli  was  ； iU,'j， 
24  times  the  area  of  the  power  piston,  ronsef|ueiitl\  、，； irUii:' 
air  of  150-200ll)s.  pressure  would  suffice.  As  the  power 
cylinder  was  not  used  for  starting,  the  objectionable  valve  in 
the  cover  was  dispensed  with,  and  the  fuel  could  be  admit  ""I 
to  the  power  cylinder  at  the  same  time  as  engines  were  being 
rnaiioeuvred  by  air.  Thus,  during  maiia'uvring,  there  was  air 
pressure  under  the  large  piston  and  gas  p 〖卜、 ure  above  the 
power,  thus  getting  a  double-acting  engine  and  much  increas- 
ing the  handiness  during  manoeuvring.  It  would  be  noticed 
that  the  large  piston  was  bolted  to  the  under  side  of  a  large 
flange  on  the  top  of  the  piston  rod  and  t  liat  t  lu*  power  pi>t 
was  bolted  to  the  top  of  this  flange,  the  same  bolts  serving 
both  purposes.  By  lowering  the  cover  of  the  cushioning 
cylinder,  and  taking  ofT  the  nuts  of  the  connecting  Imlts,  llio 
large  piston  could  be  lowered  out  of  its  cylinder  atnl  tli(,  r"i;,、 
examined  or  replaced.  At  the  same  time  the  power  pi  t'ni 
could  be  drawn  upwards  in  the  usual  maimer.  'I'Iuto  was  no 
need  to  disconnect  the  piston  rod  from  the  cross  head  for  this 
operation.  This  design  removed  the  chief  objection  to  the 
stepped  piston  of  the  M.A.N,  engine.  It  would  be  noted  that 
the  scavenging  pump  delivered  air  at  normal  temperature 
when  manoeuvring. 

In  the  Polar  design,  air  whicli  had  been  used  for  start i it ur. 
and  was  therefore  much  below  atmospheric  teinperature,  was 
used  for  scavenging  during  manoDUvring,  the  result  being  that 
the  first  compressions  in  the  power  cylinder  would  not  effec- 
tively ignite  the  fuel  owing  to  want  of  temperature.  This, 
of  course,  entailed  more  starting  strokes  and  waste  of 
manoeuvring  air. 

With  regard  to  the  question  of  cast-iron  coluinns  /'/•、'/、 
wrought-steel  columns,  it  certainly  seemed  the  right  thing  to 
take  these  enormous  loads  by  wrought  steel  rather  t lian  rast 
iron,  which  entailed  not  only  largely  increased  weight,  but 
also  a  high  quality  of  material.  Transverse  stiffness  was  very 
necessary  in  the  case  of  tlie  marine  I  )iescl,  in  order  t  hat  the 
alignment  of  the  cam  shaft  and  gear  might  not  be  affected  bv 
the  motion  of  the  ship.    The  Car  els  design  achieved  this  by 


Fig.  7. 

heavy  cast-iron  columns  well  spread  at  1  lir  l>a>o,-  aiul  the 
Werkspoor  aimed  at  the  same  result  In*  ( lie  use  of  steel 
diagonal  stays,  which,  however,  suffered  from  want  of  base. 
As  the  future  tendenrv  would  probably  be  towards  the  use  of 
long  strokes,  a  useful  combination  would  be  wrought-steel 
columns  as  in  the  Werkspoor  to  take  the  main  engine  stress, 
and  light  well  spread  cast-iron  columns  to  give  transverse 
si  ill  ness. 
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In  conclusion,  it  might  reasonably  be  said  that  the  various 
mishaps  to  Diesel  engines  would  not  be  an  uiniiixed  evil,  as 
they  had  the  effect  of  postponing  for  a  time  tli6  general 
adoption  of  the  Diesel  engine  for  marine  work  in  this  count  rv 
and  enabling  engine  builders  to  study  the  problem  closely  and 
prepare  their  designs. 

Mr.  Carels,  in  replying,  said  that  Mr.  Cummins'  contribu- 
tion appeared  to  be  a  remarkably  clear  and  comprehensive 
study  of  the  present  designs,  and  the  system  proposed  to 
obviate  the  essential  faults  of  existing  designs  was  worthy  of 
close  consideration.  A  design  evolved  now  naturally  benefited 
by  all  the  experience  previously  gathered.  There  were  one  or 
two  points  about  it  such  as  the  high-pressure  joint  of  the 
cylinder  cover  that  did  not  satisfy  Mr.  Carels.  Some  diffi- 
culty would  certainly  be  experienced  in  removing  this  cover 
after  long  runs,  because  the  rings  were  bound  to  be  choked 
up.  Again,  such  an  engine  would  be  higher  than  the  ordinary 
type,  —it  was  also  rather  complicated  and  would  not  be 
very  cheap. 

Perhaps  Mr.  Cummins'  criticism  of  actual  designs  was  a 
little  too  severe.  Certainly  some  of  those  designs  would  have 
to  be  altered  for  high  powered  engines,  but  for  the  powers  of 
whicli  they  were  built  there  was  every  reason  to  think  that 
they  would  meet  their  requirements  quite  satisfactorily.  It 
was  useless  to  borrow  trouble.  A  complication  in  design  that 
might  be  absolutely  essential  to  reliability  in,  say,  a  1,000  h.p. 
cylinder,  must  not  necessarily  be  applied  in  one  of  250  ； 
and  the  truth  of  the  statement  that  the  actual  types  of 
2 -strokes  "  had  just  overstepped  their  temperature  limita- 
tions," as  Mr.  Cummins  put  it,  was  doubted.  Nevertheless, 
Mr.  Carels  would  emphasize  how  much  he  liked  Mr.  Cummins' 
design,  and  its  careful  and  logical  elimination  of  all  features 
that  might  give  rise  to  difficulties,  and  he  wished  him  the  best 
success  in  his  attempt  to  arrive  at  perfection. 


SUPERHEATERS  FOR  WATER  TUBE  BOILERS. 

Heretofore  difficulty  has  been  experienced  in  superheating 
systems  for  marine  boilers  of  the  type  in  which  the  super- 
heater is  arranged  in  the  path  of  the  furnace  gases,  owing  to 
the  fact  that  the  boiler  has  to  satisfy  varying  demands  with- 
out diminution  in  economy  or  efficiency.  Moreover  the  high 
temperatures  of  the  furnace  gases,  during  long  and  forced 
running,  present  considerable  difficulties  in  working  with 
superheaters.  The  accompanying  illustrations  show  diagram- 
matically  an  arrangement  of  water-tube  boiler  designed  and 
patented  by  The  Vulcan  Works,  Hamburg,  which  it  is 
claimed  permits  of  a  simple  and  wide  range  of  regulation. 
The  superheaters  C  are  arranged  within  the  boiler,  between 
the  water  tubes  A  and  the  preliminary  air!  heaters  B，  the 
superheaters  consisting  of  a  number  of  separate  tubes  bent 
into  coils,  the  ends  of  which  are  connected  to  front  and  rear 
steam  chambers  D.  Owing  to  the  position  of  the  chambers 
D,  which  are  readily  accessible  from  the  exterior  of  the 
boiler,  the  superheater  tubes  can  be  easily  fitted,  inspected, 
and  cleaned  at  any  time  without  necessitating  long  dis- 
mantling operations.  When  the  superheaters  are  in  use,  the 
saturated  steam  coming  from  the  boiler  E  passes  through  the 
pipe  F,  the  valve  G,  and  the  pipe  H，  to  the  front  steam 
chamber  D，  and  traverses  the  superheater  tubes  C，  where  it 
is  superheated,  and  thence  passes  from  the  rear  steam  cham- 
bers D,  through  the  pipe  J,  the  valve  K，  and  the  pipe  L 
to  the  engine.  During  that  time  the  valve  M  on  the  pipe  L 
is  closed.  The  furnace  gases  rising  from  the  firegrate  pass 
through  an  opening  N  at  the  rear  of  the  first  row  O  of  water 
tubes,  which  row  is  formed  into  a  wall  by  bending  and  arrang- 
ing the  tubes  in  close  proximity.  The  gases  which  follow 
the  main  or  normal  path  traverse  the  water  tubes  from  the 
rear  to  the  front  in  a  direction  at  right  angles  to  the  water 
tubes  and  then  pass  to  the  superheater  tubes  and  to  the  stack 
or  chimney  through  an  opening  P  at  the  front  of  the  outer 
row  Q  of  tubes,  which  tubes  are  also  arranged  to  form  a  wall. 

The  chief  characteristic  feature  of  the  arrangement 
resides  in  the  fact  that  a  short  or  curtailed  path  is  afforded 
for  a  portion  of  the  gases  through  an  opening  R  in  the  lower 
rear  part  of  outer  row  Q,  forming  a  tubular  wall,  the  opening 
R  being  opposite  the  opening  N.  By  means  of  adjustable 
flap  valves  or  doors  S  located  beneath  the  superheater  tubes 


it  is  possible  to  regulate  the  quantity  of  gases  passing  through 
the  opening  It  and  also  to  cut  off  the  gases  entirely  fro'"  this 
short  path  so  that  tliey  follow  the  normal  or  main  patli.  The 
gases  which  pass  through  the  openings  R  when  the  doors  S 
are  in  the  horizontal  positions  shown  in  dotted  lines  are  of 
relatively  high  temperature,  and  they  pass  under  the  doors 
S  towards  the  front  of  the  boiler  wliere  they  meet  tlie  super- 
heater tubes  C  and  mix  with  the  gases  of  relatively  low- 
temperature  which  escape  through  the  opening  P  after  pass- 
ing in  contact  with  the  water  tubes.  The  mixed  gases  traverse 
the  superheater  tubes  and  then  pass  through  the  air  】ieaters 
to  the  chimney.  The  short  paths  to  the  superheater  tubes 
are  shown  by  dotted  arrows  and  the  main  paths  through 
the  water  tubes  by  full-line  arrows.  When  the  superheaters 
are  not  in  use,  the  saturated  steam  from  the  boiler  flows 
through  the  pipe  F,  the  valve  M，  and  the  pipe  L  direct  to 
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the  engines^  the  valve  G  being  closed  in  this  case.  The  fur- 
nace gases  are  caused  to  traverse  the  whole  of  the  water 
tubes  by  moving  the  flap  valve  S  to  close  the  opening  R,  thus 
cutting  off  the  short  path  to  the  space  below  the  superheater. 
The  path  of  the  gases  is  then  somewhat  similar  to  that  which 
takes  place  in  the  ordinary  water-tube  boilers.  By  partially 
opening  the  valves  G  and  M  simultaneously  and  by  suitably 
adjusting  the  flap  valve  S，  the  effects  of  the  superlieater  can 
be  controlled  within  wide  ranges,  thus  rendering  it  possible 
to  obtain  any  degree  of  superheating  desirable  for  marine 
purposes.  By  means  of  the  flap  valve  S  it  is  possible  to  deter- 
mine or  select  the  required  final  temperature  of  the  steam 
leaving  the  superheater  and,  moreover,  by  regulating  the 
valves  G  and  M  so  as  to  mix  the  saturated  and  superheated 
steam,  the  temperature  of  the  steam  passing  to  the  engine 
can  be  controlled. 


The  Utilisation  of  Solar  Energy. ― Mr.  A  S.  E.  Ackermann, 
B.Sc,  is  to  read  a  paper  before  the  Society  of  Engineers  on 
" The  "Utilisation  of  Solar  Energy,"  embodying  the  results  of 
his  trials  of  engines  for  using  sun-produced  steam .  The  plant 
tested  has  cost  some  £30,000.  The  investigations  cover  nearly 
four  years.  The  meeting  is  to  be  held  at  the  Institution  of 
Electrical  Engineers,  on  Monday,  April  6th,  at  7-30  p.m. 
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EXPLOSIONS  IN  BLASTFURNACES. 

At  a  i-ec(Mit  meeting  of  t  he  Cleveland  Institution  of  Kn^inefM's 
a  paper  entitled  ''  A  Few  Notes  in-lat  in,^  to  the  MiLiiufact  urc  of 
Iron  and  Steel,"  was  i-oad  l»v  Mr.  J.  II.  Harrison,  M  - 1  nsi .( \  Iv, 
in  the  course  of  which  the  author  dealt  with  explosions  in  t  lu; 
upper  part  of  blast t'lirnaces.  These  were,  he  remarked,  often 
uiifortunulelv  attended  wiili  fatal  results,  and  generally 
wrecked  to  greater  or  lesser  decree  Hie  bell  and  lmpj"'r  and 
upper  part,  of  tlie  furnace.  Fr*Miu(Mil  ly  it  was  put  i'orwai-(l  t  hat, 
the  initial  cause  was  an  explosion  of  gas  in  t  ho  upper  part  of 
the  furnace,  tlie  e fleet  of  wliicli  was  to  drive  the  materials 
；山 (>、'（'  the  point  of  explosion  out  at  the  io)>  of  tlu1  t'lu  nacc, 
together  wit  h  everything  st  anding'  in  its  course.  Sometimes 
the  side  of  the  furiiace  was  l)lown  out  hy  such  explosion, 
j)rol)a})Iy  due  to  this  offering  less  resistance  than  t  he  mass  of 
materials  above  it.  In  the  author's  opinion  these  accident  s 
were  not  due  to  explosions  of  gas  at  all,  but  to  the  siuldcn 
release  of  gases  under  comparatively  higli  pressure  into  the 
to]>  ]);irt  of  tlie  furnace  where  the  \m  ssure  was  very  low. 

Many  years  ago  the  late  Sir  Lowthiau  Bell  observed  that 
ferric  oxide  had  the  property  of  splitting  up  CO  into  C  +  C02 
at  such  temperatures  as  existed  at  the  upper  part  of  a  blast- 
furnace. In  all  hematite  ores  and  brown  ores  the  iron  existed 
largely  as  ferric  oxide,  and  also  in  some  others,  and  it  hud 
been  observed  that  such  ores  had  the  quality  of  becoming  to  a 
greater  or  less  degree  impregnated  with  carbon,  in  some  cases 
to  such  an  extent  as  to  considerably  increase  their  volume.  It 
was  generally  noticed  that  just  before  one  of  these  disastrous 
explosions  the  furnace  was  hanging,  and  it  was  quite  reason- 
able to  assume  that  the  cause  of  the  hanging  was  the  swelling 
of  the  ore  due  to  the  carbon  impregnation  referred  to,  and  to 
the  deposit  of  solid  carbon  upon  the  comparatively  cold  ore. 
This  would  cause  resistance  to  the  flow  of  the  gases  through 
the  materials,  and  also  would  wedge  the  materials  against  the 
furnace  sides,  causing  excessive  friction  against  the  side  walls, 
and  so  resisting  the  descent  of  the  materials,  up  to  a  jxjint 
where  tlie  friction  and  the  jamming  against  the  walls  became 
sufficient  to  prevent  the  further  descent  of  the  whole  mass  of 
materials  above  that  point. 

When  we  remembered  that  lib.  per  square  inch  of  un- 
balanced gas  pressure  would  support  about  one  foot  of  height 
of  raw  materials,  it  was  evident  that  with  the  restricted 
passages  through  the  materials  and  the  excessive  friction  on 
the  side  walls,  which,  under  normal  conditions,  supported  by 
far  the  greater  part  of  the  weight  of  the  materials,  a  very- 
little  extra  jamming  due  to  some  abnormal  working  of  the 
furnace  would  bring  about  the  arrest  in  the  descent  of  what 
might  be  considered  as  a  solid  piston  of  materials,  say  10  or  12 
feet  deep.  Once  such  a  piston  came  to  rest  it  would  not 
descend  further  until  the  resistance  was  removed,  because  the 
friction  at  rest  was  greater  than  the  friction  when  in  motion. 
In  the  meantime  that  portion  below  the  affected  piston  con- 
tinued to  descend,  and  broke  away  from  the  materials  above, 
leaving  a  gradually  increasing  space  over  the  whole  area  of 
the  stack.  As  this  material  continued  to  descend,  it  reduced 
in  volume,  due  to  tapping  out  of  the  melted  slag  and  iron  at 
the  bottom  ；  therefore  the  resistance  through  it  to  the 
ascending  gases  was  reduced,  with  the  result  that  the  pressure 
of  the  gases  increased  in  this  space,  which  tended  to  further 
support  the  piston  above.  Meanwhile,  the  furnace  having 
been  hanging,  no  cold  materials  would  be  charged  into  it,  and 
the  gases  from  below  the  piston  having  been  coming  through 
to  it  at  increasingly  higher  temperature,  this  piston  would  get 
hotter  and  hotter,  bringing  about  more  rapid  chemical  action. 
Reduction  of  the  ore  would  become  more  rapid,  and  the  carbon 
deposited  upon  it  at  the  lower  temperatures  would  be  burned 
out  by  the  oxygen  ]il)erated  from  the  ore  at  this  higher  tem- 
perature. As  a  result  the  mass  would  begin  to  slirhik  and 
break  away,  and  finally  would  slip  down  bodily  and  fall  into 
the  space  below.  The  hot  gases  would  be  compressed  to  a 
pressure  sufficient  to  burst  through  the  mass  of  hot  materials 
above,  and  would  then  get  vent  upwards  through  these 
materials,  carrying  a  portion  of  them  with  them  into  the  com- 
paratively low  pressure  above,  lifting  tlie  bell  and  hopper  out 
of  place  and  everything  in  the  direct  line  of  the  force  of  the 
explosion.  Any  men  working  round  the  top  of  the  furnace  at 
the  time  were  generally  liaill v  Imi'ned  bv  the  hot  gases  and 
injured  by  the  flviiig.  materials 


Tlie  bell  and  hopper  were  usually  very  heavy  m;i、、'  、，  an<l 
it  might  be  supposed  that  it  would  not  be  possible  to  get  a 
pressure  at  the  top  of  the  furnace  l)v  simplv  Mowing  Ijlast  in 
at  the  l)ottoin  suflicient  to  lilt  1 1"'  I'HI  and  liopp*-!-  wit  hout 
some  co!til)ust ive  explosion  of  gas.  Hut  say  the  weight  of  tlip 
bell  and  hopper  was  I  (J  tons,  and  tin?  (li;im('t('r  of  tl"'  1  liroat 
of  the  furnace  was  15ft.,  it  was  only  necessary  to  have  a  gas 
pressure  under  (he  hell  and  hopper  of  I  AH>s.  \>ci  -(|u;u<'  indi 
to  balance  them.  So  that  a  pressure  of,  say,  21bs.  per  square 
inch  would  easily  throw  tho  l)ell  and  lioppor  out  of  place,  and 
it  was  quite  possible  in  the  way  (lescril>e(l  to  get  even  a  higher 
pressure  than  tliis  at  the  furnace  top  at  t \\c  moment  of  the 
release  of  the  pent-up  gases. 

It  frequently  came  out  in  evidence,  wl"'，i  f'ii'|uiriiig  into 
such  unfortunate  accidents,  that  explosion  door>  on  t  lie  gas 
boxes,  put  tliere  as  safety  valves  in  case  of  explosion,  did  not 
open  at  all.  It  was  very  unlikely  that  they  would  open  in  the 
event  of  su (； li  an  explosion  as  that  described,  because  the 
force  and  current  of  the  explosion  was  directly  upward,  and 
the  tendency  would  rather  be  to  draw  gas  out  of  the  down 
comers  and  to  jam  the  explosion  doors  harder  on  their  seats. 
But  in  cases  of  less  severe  explosions,  where  the  pressure  was 
not  so  great  as  to  lift  the  bell  and  hopper,  these  doors  were 
very  valuable  as  a  means  of  allowing  the  pressure  oi  t  lie 
to  get  vent  quickly  without  doing  any  harm.  Sufh  slight 
explosions  were  not  unusual  when  a  furnace  was  stiff  and 
hanging  a  little,  and  they  took  the  form  of  a  subdued  roar, 
indicating  that  the  piston  of  materials  had  broken  down 
gradually  and  fallen  into  the  space  below  piecemeal  rather 
than  in  a  solid  mass.  In  such  cases  there  was  practically 
no  compression  of  the  liot  gases  in  the  space  below,  and  these 
simply  vented  themselves  gradually  from  the  pressure  which 
they  had  acquired,  through  the  comparatively  open  falling 
materials  and  out  by  the  explosion  doors  and  lighters  to  the 
atmosphere  as  black  smoke. 

The  author  put  forward  another  reason  why  it  was  clear 
these  top  explosions  were  not  gas  explosions,  and  which  also 
tended  to  confirm  the  opinion  expressed  as  to  their  real 
cause.  It  was  generally  noticed  there  was  no  sharp  well- 
defined  report  attending  these  explosions  such  as  occurred  in 
the  case  of  a  gas  explosion,  but  rather  a  cornparat  i vfly  long 
drawn-out  roar,  sometimes  extending  over  several  second-  and 
much  more  subdued  than  a  gas  explosion.  Indeed,  tlie  author 
had  known  of  one  such  explosion,  which  had  disastrous  and 
fatal  results,  in  which  the  men  working  below  at  other  fur- 
naces in  the  same  battery  did  not  know  that  anything  unusua! 
had  occurred.  He  had  also  heard  of  cast's  wliei-e  tlie  side  of 
the  furnace  had  proved  to  be  a  point  of  less  resistance  in  such 
explosions  as  described  than  the  piston  of  materials  jammed 
at  the  top  of  the  furnace,  resulting  in  the  side  of  the  furnace 
being  blown  out  by  sheer  pressure  of  the  gases  within  the 
space  below  the  piston,  and  throwing  the  hot  materials  over 
the  pig  beds  and  on  to  the  men  working  below,  with  fatal 
results. 

The  only  remedy,  the  author  observed,  was  to  make  the 
lines  of  the  furnace  such  that  from  the  throat  downward  the 
walls  should  batter  rapidly  outward  to  the  slack  lines  of  a  depth 
of  about  15ft.,  making  the  rate  of  batter  outward  from  that 
point  to  the  bosh  what  was  usually  allowed.  This  15ft.  would 
about  cover  the  depth  where  the  sticking  was  most  liable  to 
occur,  as  it  contained  the  coldest  materials,  and  by  so  rapidly 
battering  the  walls  back  at  this  point  it  would  be  more 
difficult  for  the  materials  to  stick  to  the  walls.  This  design 
would  necessitate  a  furnace  with  a  larger  bosh  diameter  than 
was  usual  in  modern  furnaces,  and  also  a  furnace  of  larger 
cubic  capacity,  but  this  would  lead  to  more  regular  work  in 
the  furnace,  as  the  velocity  of  the  gases  over  the  ore  would  he 
slower  and  they  would  be  longer  in  contact,  both  of  wliich 
conditions  tend  to  the  more  complete  reduction  of  the  ore 
before  it  reached  the  melting  zone. 


The  Glasgow  Royal  Technical  College  Scientific  Society. ― A  \ 

annual  general  meeting  of  this  society,  held  on  Saturday  last, 
Mr.  John  Y.  Moyes  presiding,  Mr.  Joseph  Menmuir,  of 
Messrs.  Kelvin,  Bottomley,  &  Baird,  was  elected  president 
for  the  coming  session.  Messrs.  David  Keachie,  Peter  Stobie, 
and  William  Yuill  were  elected  vice-presidents.  Afterwards 
M>.  William  Kerr  read  a  paper  on  ''  The  Elastic  Problems 
of  the  Steam  Turbine  Rotor/' 
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THE  RUNNING  OF  OAS  ENGINES  AND  GAS  PRODUCERS* 

BY  、V.  A.  TOOKEY,  M.I.M.E.,  M.I.A.E. 

(('onrlitfhf/  from  pof/e  ,2 So.) 

Before  passing  to  speak  of  other  topics  a  word  or  two 
should  be  said  upon  the  subject  of  water  circulation  through 
the  cylinder  jacket,  as  this  has  quite  as  much  effect  on  the 
ignition  timing  as  the  compression  pressure.  An  unduly 
large  n umber  of  engines  suffer  from  overheating  of  the 
cylinders  through  imperfect  circulation  of  cooling  water.  In 
some  of  these  inadequate  provision  has  been  made  for  the 
proper  and  automatic  supply  of  "  make-up  1J  water  for  the 
one  or  more  tanks  provided  by  the  makers  with  the  engine. 
The  consequence  is  that  the  level  of  the  water  in  the  storage 
tanks  is  often  below  the  top  of  the  flow  pipe,  which  enters 
the  top  of  the  hot  tank,  whereas  there  should  be  always 
one  or  two  inches  of  ''  cover."  It  does  not  seem  to  be  con- 
sidered necessary  by  some  users  of  gas  engines  to  take  any 
trouble  to  ensure  proper  circulation  of  the  cooling  water, 
but,  instead,  if  the  cylinder  becomes  overheated,  it  is  deemed 
sufficient  to  turn  on  the  town  water  to  the  tanks,  even ,  in 
some  instances,  without  ensuring  that  the  cold  water  shall 
first  flow  through  the  engine  cylinder.  Such  cases  may  be  taken 
as  extreme  and  indicative  of  ignorance  rather  than  indif- 
ference. But  there  is  less  excuse  for  those  engineers  who, 
in  planning  out  the  connections  of  water  circulation  devices, 
take  no  precautions  to  ensure  the  continued  circulation  of 
water  after  the  engine  has  been  stopped,  and  more  fractures 
of  large  gas  engine  cylinders  and  covers  have  been  started 
by  the  neglect  of  this  precaution  than  is  usually  recognised. 
The  circulation  of  water  through  the  jackets  of  internal-com- 
bustion engines  should  be  continued  after  their  stoppage  and 
until  all  chance  of  overheating  through  transmission  of  heat 
from  the  internal  walls  of  the  cylinder  has  been  nullified. 
In  some  installations  the  subject  lias  received  consideration, 
for  non-return  valves  have  been  provided  for  the  retention  of 
the  water  in  the  jackets  when  centrifugal  circulating  pumps 
have  been  fitted  to  prevent  all  the  water  draining  away  to  the 
suction  level  through  the  pump  casing.  This,  however,  is  not 
enough,  for  the  quantity  of  heat  stored  in  the  cylinders  of 
gas  engines  of  fair  size,  after  stoppage,  is  very  considerable, 
and  likely  to  cause  more  incrustation  upon  the  walls  during 
stoppages  than  probably  occurs  during  working  hours.  Back 
pressure  valves  have  a  bad  habit  of  leaking  on  occasion,  and 
this  brings  in  another  argument  in  favour  of  definite  provi- 
sion being  made  for  some  mechanical  or  automatic  device  for 
maintaining  the  continuance  of  water  circulation  for  some 
hours  after  the  engines  have  been  brought  to  a  standstill. 
Recently  the  author  heard  of  a  fractured  cylinder  which 
failed  just  around  that  portion  of  the  circumference  to  which 
the  water  level  was  permitted  to  fall  after  the  circulating 
pump  had  ceased  work.  It  is  very  desirable  either  to  filter 
the  water  drawn  from  rivers  or  streams  before  passing  it 
through  the  cylinders  of  gas  engines  in  rural  districts,  or  to 
force  it  through  the  jackets  at  such  velocity  that  it  has  no 
time  to  stagnate  in  corners  or  "  pockets,"  and  thus  no  oppor- 
tunity be  given  for  the  deposition  of  solid  matters  in  sus- 
pension. In  any  case,  it  is  advisable  not  to  allow  the  tem- 
perature of  the  water  to  rise  above  140°  Fah..  for,  above 
this  temperature,  some  of  the  salts  held  inj  solution  are 
thrown  down  and  excessive  differences  in  temperature  may 
tlien  occur  locally,  involving  undue  stresses  which  may  result 
in  a  claim  being  made  upon  the  insurance  company,  with  a 
consequent  increase  in  the  nu mber  of  bad  marks  scored 
against  large  gas  engines  in  the  records  of  that  particular 
company. 

During  the  last  ten  years  considerable  improvements  in 
gas  engine  design  and  construction  have  been  made.  The 
coming  of  the  suction  gas  producer  in  the  years  1902  to 
1905  has  resulted  in  a  rapid  development  of  the  larger 
sizes  of  gas  engines,  and,  as  time  goes  on,  the  records  of  the 
gas  engine  industry  sliow  that  the  average  size  of  engine  sold 
is  always  on  the  increase.  Time  forbids  the  mention  of  all 
the  many  improvements  in  detail  that  offer  themselves  for 

*  Abstract  of  paper  read  before  the  Junior  Institution  of  Engineers.  March 
16th,  1914. 


connnent,  but  reference  may  be  made  to  several  of  tlie  more 
important.  First  of  all  magneto  ignition,  with  provision  for 
ready  adjustment  over  a  wide  range,  is  now  an  integral  part 
of  a  modern  gas  engine.  The  proportions  of  both  air  and 
gas  can  be  readily  adjusted  to  suit  any  quality  of  gas  that 
is  available.  Lubrication  of  all  details  is  carried  out  in  a 
scientific  manner,  which  reduces  the  cost  of  operation  very 
considerably,  besides  lessening  the  wear  and  tear  of.  all 
mechanical  details.  Cylinders  are  supplied  with  oil  under 
pressure.  Piston  pins  are  fitted  with  separate  lubricators, 
ancl  are  no  longer  dependent  upon  the  haphazard  method  of 
being  fed  by  drips  from  a  recess  formed  upon  the  circum- 
ference of  the  pistons  from  which  the  oil  passed  through  the 
piston  walls,  and,  if  not  shaken  off  by  the  reciprocation  of 
the  piston,  eventually  found  its  way  to  another  recess  in  the 
piston  pin  bearing,  and  from  thence  to  the  pin  itself.  Main 
bearings,  and  in  some  instances  cam  shafts  bearings,  are 
fitted  with  oiling  rings.  The  crank  pins  are  fitted  with  con- 
tinuous oiling  devices.  The  engine  frames  are  provided  with 
a  lip  cast  around  the  base  to  prevent  the  oil  flowing  over 
the  cement  foundation  and  disintegrating  the  concrete.  All 
these  points  make  for  economy  and  efficiency,  and  reduce  the 
risk  of  breakdowns. 

The  author  is  frequently  asked  for  information  as  to  the 
gas  consumption  of  engines  at  full,  half,  and  three-quarter 
loads,  and  particularly  in  connection  with  the  generation  of 
electric  current.  As  a  rough  guide,  it  can  be  said  that  what- 
ever the  calorific  value  of  the  gas  used,  the  gas  engine  of  to- 
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-Diagram  showing  Normal  Negative  Pressures  (tnthes  of  watkr) 
in  Suction  Gas  Plants. 


day  can  safely  be  relied  upon  to  develop  one  brake  horse- 
power hour  for  every  10,000  B.Th.  U.  in  the  fuel  under  full 
load  conditions.  As  a  matter  of  fact,  the  performances  of 
engines  when  in  good  order  and  properly  adjusted,  prove 
that  one  brake  horse-power  hour  can  be  obtained  for  about 
8.250  B.Th.  U. 一 equivalent  to  a  thermal  efficiency  of  31  per 
cent.,  but  being  dependent  upon  the  clearance  volume  ratio, 
as  shown  in  Fig.  2.  In  actual  work  the  full  load  outputs 
can  be  taken  as  being  obtainable  with  the  mean  of  these  two 
figures,  say,  9,000  B.Th.U.  per  brake  horse- power  hour.  The 
actual  gas  consumptions  for  any  load  other  than  full  can  be 
readily  computed  by  assuming  that  the  mechanical  efficiency 
of  the  engine  amounts  to  85  per  cent,  at  full  load,  and  by 
deducting  the  horse-power  this  represents  from  the 
indicated  horse-power  developed  at  any  point  of  the  load 
range.  For  example,  in  the  case  of  an  engine  capable  of 
developing  100  b.h.p.  at  full  load.  At  85  per  cent,  mechani- 
cal efficiency  the  indicated  horse-power  would  be  118  in 
round  figures,  and  the  frictional  horse-power  would  be  the 
difference  between  these,  or  18  h.p.  At  three-quarter  load, 
therefore,  75  b.h.p.  would  be  equivalent  to  75 十 18  =  93  i.h.p., 
and  as  9,000  B.Th.U.  per  brake  horse-power  would  be  equiv^ 

lent  to  ― ~ —— - -  7,650  B.Th.U.  ])er  indicated  horse-power, 

so  the  consumption  of  gas  at  75  b.h.p.  would  be 
7，650  x  93 +  75  =  9,500  B.Th.U.  At  other  outputs  estimated 
consumptions  can  be  calculated  in  a  similar  maimer,  as  for 
practical  purposes  it  can  be  accepted  as  a  matter  of  fact  that 
frictional  horse-power  would  be  much  the  same  at  all  loads, 
ancl  t^iven  proper  adjustment  of  mixture,  regulation,  and 
ignition  timing,  the  consumption  per  indicated  horse- power 
would  remain  practically  constant,  except  perhaps  at  the 
lightest  loads. 
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For  gas  engine  and  producer  gas  installations,  test  results 
have  proved  that  one  brake  liorsc- pmvet'  can  he  obtained  for 
one  hour  with  a  consumption  of  t)'751h.  of  ant  liracitc  when 
every  detail  is  working  at  its  best,  and  the  engine  is  f ully 
loaded,  and  therefore  at  lii^hest  mn  li;m"'al  ('Hirienry.  1  n 
practice,  and  for  estimating  purposes,  it  is  usu  illy  considered 
that  tlie  round  figure  of  lib.  of  anMiracite  per  brake  liorso- 
power  hour  gives  a  sufficiently  close  approximation  to  the 
everyday  conditions,  witli ,  say,  two  t liirds  full  load,  and 
with  fuel  of  average  quality  and  ash  content.  Records  of 
performances  of  many  engines  and  pro(lii('ers  driving 
dynamos  demonstrate  that  the  overall  fuel  consumption 
under  ordinary  factory  conditions,  an d  including  all  standby 
and  other  losses,  runs  out  at  about  1  .Ubs.  of  anthracite  of 
average  quality  per  brake  horse-power  hour,  or  2 lbs.  per 
kilowatt  hour,  and,  with  bituminous  coal,  31bs.  per  kilowatt 
hour. 

Town  gas  engines,  with  a  fair  load  in  proportion  to  rated 
full  load  output,  consume  about  14,500  B.Th.U.  per  kilowatt 
hour.  If  gas  of  500  B.Th.U.  per  cubic  foot  is  available 
at,  say,  20d.  per  1,000  cub.  ft.,  one  unit  of  electricity ~ one 
kilowatt-hour — can  be  generated  for  0'6d.，  of  course  for  fuel 
cost  only.  Comparing  a  gas  engine  consuming  20  cub.  ft.  of 
500  B.Th.U.  gas  per  brake  horse-power  hour  with  the  cost 
of  running  an  electric  motor,  on  fuel  cost  alone,  and 
assuming  an  efficiency  of  the  motor  of  90  per  cent,  gas  at 
20d.  per  1,000  feet  would  require  the  cost  of 
current  to  be  0'48d.  per  unit  for  equivalent  cost. 
In  other  words,  it  could  be  stated  that  a  gas  engine  with 
town  gas  service  of  500  B.Th.U.  per  cubic  foot,  at  20d.  per 
1,000  cubic  feet,  could  be  permitted  to  run  at  such  a  light 
load  with  considerably  diminished  mechanical  efficiency,  or, 
under  normal  load,  be  permitted  to  deteriorate  into  such  a 
state  of  disrepair  that  the  rate  of  gas  consumption  could 
rise  to  40  cub.  ft.  per  brake  horse-power  hour,  before  it  would 
be  equivalent,  in  fuel  cost  only,  to  the  cost  of  electric  current 
at  Id.  per  unit.  Naturally,  the  relative  advantages  of  gas 
engines  and  electric  motors  cannot  be  summed  up  in  a  few 
words,  but  these  comparative  figures  will  be  interesting  to 
members  concerned,  either  in  the  gas  or  electric  industries. 

During  the  last  eight  years  many  new  types  of  gas 
generators  have  been  brought  out,  with  the  result  that  suc- 
tion gas  producers  can  now  be  obtained  capable  of  utilising 
all  kinds  of  combustible  material. 

The  attendant  of  a  gas  plant  usually  finds  that  there 
are  but  a  few  points  which  need  his  constant  care.  Probably 
his  attention  has  to  be  given  to  the  management  of  the  pro- 
ducer more  frequently  and  carefully  when  the  fuel  provided 
for  his  use  is  of  poor  quality,  either  containing  a  liigh  pro- 
portion of  dust  or  disintegrating  upon  heating  and  forming 
small  particles  which  clog  the  apertures  through  which  the 
air  drawn  in  must  pass.  Similarly  with  coals  having  a  re- 
latively high  ash  content,  the  attendant  is  required  to  take 
proper  precautions  by  dislodging  the  accumulation  of  ash 
and  dust  at  regular  intervals,  in  order  to  maintain  sufficient 
freedom  of  passage  for  the  entering  air  to  pass  through  the 
fuel  bed  and  to  be  duly  converted  into  good  gas.  It  is  im- 
portant to  restrict  the  differences  in  pressure  prevailing 
below  and  above  the  fuel  bed,  so  that  the  lighter  particles 
are  not  lifted  from  the  upper  portion?  of  the  fire  and  are  not 
carried  along  with  the  outflowing  gas  to  be  finally  deposited 
in  the  connections  between  the  generator  and  the  scrubber. 
The  production  of  producer  gas  being  of  the  nature  of  a 
chemical  process  depends  for  its  efficiency  and  its  continuity 
upon  the  maintenance  of  uniform  conditions,  which, 
from  the  circumstances,  cannot  be  guaranteed.  It  is 
therefore  to  be  expected  that  from  time  to  time  the 
calorific  value  of  the  gas  produced  must  vary,  particularly 
when  sudden  changes  of  load  occur,  and  before  and  after 
charging,  poking,  or  clearing  the  fires,  which,  bv-t he-\vav, 
should  be  performed  at  regular  intervals  to  maintain  the 
efficiency  of  the  chemical  process  as  uniformly  as  possible. 
There  are  two  methods  by  which  the  attendant  can  be  in- 
formed as  to  the  maintenaiioe  or  otherwise  of  tlie  essential 
conditions  necessary  for  the  production  of  good  (juality  "ras 
from  suction  gas  ])lants.  One  is  by  obsei ving  tlie  pressure 
differences  that  exist  at  various  portions  of  the  apparatus, 
and,  in  the  case  of  irregularities,  to  take  such  steps  as  will 
maintain  such  pressure  differences   as    experience  dictates 


Tlie  other  niotliod  is  to  pass  .some  of  tlie  gas,  under  pre-  ui 
，liroiigli  a  recording  calorimeter  and  thus  to  obtain  、'卜 il,"' 
indications  of  the  variations  of  gas  quality  that  tak<-  pla'*' 
wilder  diireront  working  conditioiiH.  To  do  this,  however' 
involves  the  use  of  a  fan  which  has  to  be  power-driven  a 
matter  of  some  consideration  in  many  factories— but,  if  civ 
cunistances  will  allow  it,  the  installation  of  a  recording  calori- 
meter is  well  worth  while. 

I"  the  absence  ol,  a  r('<or<liii;'  calorimeter,  however,  the 
observations  to  he  made  from  a  series  of  water-pressure 
gauges  are  of  practical  value,  for  by  stn-h  in'*ans  tm'lii'' 
restriction  in  any  part  of  the  plant  can  be  readily  detected. 
The  permissible  difTerences  in  water-gauge  pressures  through- 
out a  suction  plant  are  indicated  in  Fig.  3. 

Occasionally  it  is  found  tliat  a  gas  producer  which  has 
been  giving  efficient  service  for  a  considerable  period  will 
" heat  up  ，'  at  one  or  more  points  of  the  generator,  the  casing 
becoming  red  hot,  either  above  or  around  the  fire  door,  or 
near  a  poking  door  at  the  base  of  the  fire,  or  at  the  top  plate. 
or  in  the  gas-outlet  pipe  from  the  generator.  When  this 
occurs  it  is  a  certain  indication  that  at  such  points  there  is 
an  air  leakage  into  the  apparatus  of  such  amount  as  to  cause 
intense  local  combustion.  Steps  must  be  taken  to  obtain 
proper  seating  of  the  fire  door,  or  pokin^-plug  cover.  All 
chances  of  air  leaking  into  the  generator  through  the  top 
plate  joints  or  top  poking  holes  must  be  provided  for,  ； i、  the 
entering  air  involves  combustion  of  the  gas  rising  from  the 
fuel  bed,  not  only  vitiating  the  gas  produced,  but  creating 
temperatures  that  may  result  in  fractures  of  the  top  cover  or 
the  outlet  pipe.  Leakages  of  air  from  the  ash  pit  through 
the  bricks  from  the  outside  of  the  furnace  walls  are  not 
easily  detected,  but  they  are  indicated  by  increased  con- 
sumption of  fuel  and  necessity  to  close  the  engine  air  regu- 
lator to  a  greater  extent  to  induce  a  larger  quantity  of  poorer 
gas  to  take  part  in  combustion  witliin  the  engine  cylinder. 

Corrosion  of  steel-plate  casings  around  the  base  of 
generators  and  scrubbers  is  now  obviated  by  tlie  sul)-tit u 
tion  of  cast  iron  for  these  portions  wherever  practicable. 
Facilities  are  also  provided  for  the  ready  removal  of  dep(j-it 
and  silt  from  the  base  of  the  down  pipe  between  tlie  genera- 
tor and  scrubber,  and  from  the  seal  pot  into  which  this  down 
pipe  dips.  In  many  of  the  modern  type  coke  scrubbers 
particular  attention  is  paid  to  the  sprinkling  device  distri- 
buting water  over  the  coke  bed  in  order  to  avoid  the  whole 
or  partial  blockage  of  water  apertures  by  reason  of  the  solid 
impurities  present  in  the  water.  The  scrubbers  are  al-o 
divided  into  upper  and  lower  sections,  so  that  the  coke  rest- 
ing upon  the  bottom  grid  can  be  changed  the  more  frequently 
without  necessitating  the  disturbance  of  the  upper  port  mn 
of  the  coke.  The  gas  inlet  to  the  scrubber  is  also  made  in 
such  a  way  that  any  deposit  forming  at  this  point  can  he 
readily  removed. 

There  is  one  other  point  of  practical  importance  that  calls 
for  mention,  and  that  is  in  connection  with  the  supply  of 
water  to  the  vapour  chamber,  intended  to  humidify  tlie  air 
before  the  latter  enters  the  fuel  bed.  In  this  respect  the 
attendant  has  very  little  concern  except  to  take  such  steps  as 
will  ensure  that  the  amount  of  water  entering,  wlien  once 
adjusted,  shall  not  vary  whatever  the  load  upon  the  eiiLrin^, 
and  to  take  care  that  final  adjustments  to  the  water  regu- 
lator are  made  only  after  the  producer  has  attained  its 
normal  working  temperature,  wliirh  it  will  do  soon  after  the 
engine  has  been  set  to  work  under  load.  All  that  is  neces- 
sary is  to  see  that  as  much  water  as  will  evaporate  is  per- 
mitted to  enter  the  vaporiser,  and  this  is  easily  proved  by 
ensuring  that  some  of  the  water  escapes  as  such  from  the 
overflow  pipe  of  the  vaporiser  in  a  constant  succession  of 
drops.  There  is  no  need  to  try  to  adjust  the  amount  or 
water  entering  the  vaporiser  according  to  the  load  under 
which  the  engine  may  be  working  from  time  to  time.  The 
quantity  of  air  entering  tlie  generator  is  decided  by  the 
number  of  impulses  taken  by  tlie  engine,  or  rather  hv  tlie 
amount  of  gas  required  hy  the  engine  to  ileal  with  its  load, 
and  it  is  merely  necessary  for  the  air  to  he  saturated  with 
water  vapour  at  its  normal  working  temperature  of  admis- 
sion to  the  furnace.  Consideration  will  sliow  that,  if  tlie 
load  upon  the  engine  results  in  generator  temperatures  liigher 
than  normal,  then  the  temperatu re  of  the  entering  air  will 
be  raised,  and  the  amount  of  water  vapour  absorbed  will  al^o 
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be  increased,  and  to  an  extent  which  will  tend  to  counteract 
the  increased  furnace  temperatures.  On  the  other  haiid， 
any  decrease  in  furnace  temperatures  consequent  upon  light- 
loads  will  tend  to  reduce  the  temperature  of  the  entering 
air  more  or  less,  and  the  amount  of  water  then  absorbed  will 
be  decreased.  So  that  the  suction  gas  producer  can  be  con- 
sidered to  be  sufficiently  self-regulating  to  work  without 
attention  to  the  water  service,  provided,  as  has  been  before 
stated,  that  the  adjustment  has  been  made  by  the  attendant 
after  normal  working  temperatures  have  once  been  estab- 
lished. 


CLEANING  OF  BLASTFURNACE  GAS. 

A  comprehensive  paper  on  "  Gas  Cleaning  at  the  Duquesne 
Plant  of  the  Carnegie  Steel  Company  "  was  presented  by 
Mr.  A.  N.  Diehl  at  a  meeting  of  the  American  Institute  of 
Mining  Engineers  on  February  19th  last.  An  average 
sample  of  the  gas  delivered  to  the  gas  engines  was,  he  said, 
drawn  over  a  period  of  seven  hours  each  day.  Tliis  was 
transmitted  to  the  laboratory  for  analysis,  which  was  re- 
ported back  along  with  the  calculated  heat  value  in  terms 
of  net-  B.T.U.  per  cubic  foot  at  62°  Fall,  and  30in.  of  mer- 
cury. In  conducting  and  reporting  the  various  tests  they 
had  endeavoured  to  follow  a  standard  method  of  procedure 
and  form.  The  method  adopted  covered  thoroughly  the  per- 
formance of  the  unit,  including  those  items  of  observation 
which  were  of  paramount  importance,  and  they  had  found 
it  most  valuable.  There  was  also  a  standard  form  for  report- 
ing dust  and  moisture  determination  on  engine  gas. 

Until  within  the  last  six  or  seven  months  all  moisture  and 
dust  determinations  were  made  with  the  Brady  apparatus. 
They  found  that  the  results  on  dirty  gas  could  not  be 
depended  upon  and  were  very  inconsistent  at  times,  and 
therefore  adopted  a  jnethod  of  dust  estimation  in  dirty  gas. 
On  clean  gas,  however,  the  results  obtained,-  by  the  use  of 
the  Brady  apparatus  were  sufficiently  reliable  for  all  prac- 
tical purposes.  Some  few  months  ago  a  number  of  deter- 
minations of  dust  and  moisture  were  made  with  the  Brown 
apparatus,  the  results  of  which  indicated  accuracy  and  re- 
liability. On  engine  gas  very  good  results  were  obtained 
with  the  Brady  apparatus. 

In  making  dust  and  moisture  determinations  their  aim 
had  been  to  sample  the  gas  at  the  same  velocity  as 
the  gas  flowing  in  the  mains.  With  their  present 
Brady  apparatus  this  proved  a  little  tedious  on  clean 
gas  to  stoves  and  boilers,  requiring  constant  attention  and 
adjustment  on  the  part  of  the  observer.  However,  on  engine 
gas  very  little  inconvenience  was  encountered  from  this 
source,  and  they  had  been  able  to  maintain  the  proper  velocity 
with  comparative  ease.  The  first  dust  and  moisture  deter- 
minations were  made  using  volumetric  tanks  in  determining 
gas  volumes,  which  was  found  to  be  very  inconvenient  and 
decidedly  limited.  These  had  been  replaced  by  wet  test 
meters,  and  as  a  result  they  had  sampled  as  much  as 
500  cub.  ft.  during  a  single  test.  Regular  or  daily  determina- 
tions of  dust  and  moisture  liad  not  been  made  since  they  had 
not  been  inconvenienced  by  excessive  dust  deposition,  either 
in  clean  mains  or  engine  cylinders.  Tests  indicated  a 
very  uniform  dust  content  in  clean  gas,  with  the  moisture 
practically  corresponding  to  saturation  at  the  off-coming  gas 
temperatures,  and  at  no  time  had  they  encountered  mechani- 
cally entrained  water  in  amounts  to  be  detrimental. 

The  use  of  raw  gas  in  stoves  was  conducive  to  low 
efficiencies.  This  was  due  primarily  to  the  heavy  coating  of 
dust  on  the  brickwork  fusing  in  masses,  thus  preventing  the 
absorption  of  heat,  destroying  the  brickwork,  and  requiring 
constant  attention  to  the  removal  of  this  material.  During 
the  periods  of  scraping  out  the  combustion  chamber,  the 
stoves  were  burning  gas  very  inefficiently,  and  at  such  times 
as  the  stove  was  off  for  complete  cleaning  the  furnace  was 
deprived  of  one-fourth  of  its  blast  heating  capacity.  The 
intermittent  pressures  also  made  it  impossible  to  obtain  a 
constant  flue-gas  analysis  and  allow  either  excess  air  or  gas 
in  the  stack.  The  use  of  raw  gas  in  the  boilers  showed  a 
similar  low  efficiency,  but  not  so  marked.  It  was  customary 
to  blow  off  the  tubes  every  24  hours,  and  while  the  blowing 
was  going  on  much  excess  air  entered  the  combustion  cham- 
ber.   From  the  time  the  tubes  were  cleaned  they  started  col- 


lecting dirt  again  and  the  steaming  power  suffered  accord- 
ingly. Intermittent  pressure  also  affected  the  boiler  flue- (； as 
analyses  as  in  the  stoves. 

By  the  use  of  clean  gas  in  the  stoves  they  completely  did 
away  with  cleaning  stoves,  had  a  constant  pressure  in  the  gas 
supply,  and  used  an  orifice  plate  over  the  air-inlet  door,  which 
gave  an  extremely  constant  and  economical  flue-gas.  Tlie 
saving  on  clean  gas  over  dirty  gas  on  stoves  amounted  to 
01591  cent  per  ton  of  iron.  The  use  of  clean  gas  in  the 
boilers  gave  the  same  benefits  in  operation.  The  thorough lv 
cleaned  gas  was  used  only  for  engine  purposes.  Within  a 
few  hours  after  starting,  all  exposed  parts  inside  of  t  lie 
cylinders  except  the  wearing  surface  became  coated  with  a 
light  brown  deposit.  It  had  been  their  experience  that  if 
oil  could  be  kept  away  from  these  surfaces  this  deposit  was 
only  very  slightly  increased  by  further  operation  of  the 
engines.  In  the  combustion  chambers,  where  there  was  never 
any  oil  present,  the  deposit  was  so  even  that  tliey  h;ul 
operated  cylinders  for  nearly  four  years  without  cleaning 
these  surfaces,  and  considered  that  the  presence  of  such  an 
even  coating  was  an  advantage,  having  an  insulating  effect, 
and  protecting  the  metal  from  the  direct  action  of  the  hot 
gases.  However,  where  an  excess  of  oil  was  present,  as  on 
the  inside  of  the  cylinder  head  directly  below  the 'piston  rod 
(the  oil  being  carried  in  by  the  rod),  the  dirt  accumulated 
more  rapidly  and  often  very  unevenly.  If  an  engine  was 
shut  down  and  the  head  allowed  to  cool,  then  started  and 
brought  up  to  working  temperature  again,  the  contraction 
and  expansion  of  the  head  broke  the  accumulated  oil  and 
dirt  loose  in  the  form  of  scale  or  blisters,  the  edges  of  which 
were  easily  heated  and  caused  premature  explosions.  Usually 
this  scale  would  partly  break  off,  due  to  these  premature  ex- 
plosions, and  trouble  at  this  point  usually  ceased  until  the 
next  time  the  engine  was  stopped  and  started.  When  this 
trouble  occurred  too  frequently  the  engine  was  shut  down, 
the  cylinder  examined  through  the  air-starting  check  valve 
opening,  and  the  deposit  scraped  off  if  possible.  If  too  hard 
or  too  extensive  an  accu】nulation  was  found,  the  head  was 
pulled  out  and  the  surfaces  thoroughly  cleaned.  Following 
this  procedure  they  had  some  cylinder  heads  on  their  blowing 
engines  that  had  not  been  out  for  over  18  montlis.  Previous 
to  August,  1913，  when  new  piston  rods  were  installed  in  tlie 
two  power  engines,  practically  every  cylinder  on  the  two 
engines  had  been  closed  up  for  】nore  than  a  year,  although 
examined  through  the  starting-valve  opening  at  shorter 
intervals. 

They  had  an  advantage  over  engines  with  exhaust  valves 
directly  in  the  bottom  of  the  cylinder  in  that  tlie  oil  and 
dirt  that  accumulated  here  did  not  interfere  in  any  way  with 
the  operation  of  the  valve,  but  could  be  blown  out  through 
the  drain  valve,  with  whicli  each  end  of  each  cylinder  was 
equipped.  These  valves  were  held  open  for  two  full  cycles 
every  three  hours.  Their  experience  indicated  that  with 
their  type  of  engine  they  could  operate  from  12  to  18  months 
without  removing  heads  for  cleaning,  the  smaller  particles 
of  dirt  being  removed  at  lesser  intervals,  and  also  that  the 
cleaning  was  necessary  principally  from  the  fact  that  oil  was 
present.  The  portions  free  from  oil  were  covered  so  evenly 
that  the  presence  of  the  deposit  was  an  advantage. 

Using  dirty  gas  for  boiler  firing  the  efficiency  was  50.48 
per  cent.,  and  with  clean  gas  it  increased  to  59*05  per  cent. 
The  tests  were  run  on  boilers  of  the  same  make,  type,  and 
rating.  The  boilers  working  on  clean  gas  developed  but  very 
little  more  than  the  builder's  rating,  although  working  at 
a  higher  efficiency  than  those  on  unwashed  gas.  This  was 
due  to  an  insufficient  gas  supply,  which  was  directly  trace- 
able to  undersized  mains  and  connections,  the  mains  having 
been  so  designed  as  to  take  care  of  only  1,500  boiler  horse- 
power of  boilers  on  clean  gas.  Tn  this  case,  however,  the 
operation  of  approximately  3,750  boiler  horse-power  was 
attempted,  resulting  in  a  gas  shortage  for  each  of  the  respec- 
tive units.  The  above  tests  were  also  run  under  normal 
conditions,  and  were  therefore  representative  of  working  per- 
formance. It  had  been  their  experience  recently  that  steam 
could  be  raised  very  quickly  on  washed  gas,  and  they  liad 
put  such  boilers  on  the  line  at  1401bs.  to  1501bs.  gauge  from 
feed  water  at  70°,  in  30  to  45  minutes.  Due  to  very  uniform 
gas  pressures  the  boilers  on  washed  gas  steamed  very 
regularly. 
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THE  INFLUENCE  OF  NICKEL  ON  SOME  COPPER  ALUMINIUM 

ALLOYS, 

BY   PUOF.    A.    A.    READ,   F.I.C.,   AND    R.    H.    CUKAVES,  M.SC. 

Altiioikmi  alloys  containing  copper,  nickel,  atxl  aluiuinium 
hnwe.  liefMi  usod  coninuMcijilly  from  t.iino  to  lime,  no  syst crnaii^ 
study  of  thoir  propert  ies  uppeurs  to  have  Ikmmi  |u 山 lisli('<l . 
The  authors  therefore  undertook  to  invest  i^niv  iho  inlliUMn-c 
of  nickel,  chiellv  on  two  typical  ('ommcn'ial  copper  nhiiniiiiuin 
alloys,  namely,  those  coiitaiiiin^  •「）  aiul  10  per  cent,  of 
alutniniuin  respectively. 

For  the  purpose  of  carryiii"'  out  t.liis  research  the  following 
materials  were  procured  :   Elect  rolyt  ic  or  cat  liodc       屮 of 
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、\ 

Fm.  1.  -Tensti. 


PtRCENTACt   Of  NlCHU 

Tests.   ALiT^riNiUM  10  i'i:n  < 'i-.xt . 


( 'hij.l  Castings. 


very  high  purity  from  Messrs.  Vivian  &  Sons,  Swansea.  Shot 
nickel  containing  at  least  99*8  per  cent,  of  nickel  from  the 
Mond  Nickel  Company  ；  this,  on  analysis,  gave :  Silicon, 
0  01  per  cent.  ；  iron,  0*04  per  cent.  Aluniinium  of  guaran- 
teed purity,  99'5  per  cent.,  from  British  Aluminium  Com- 
pany ；  this  was  found  on  analysis  to  contain  :  Silicon,  017 
per  cent.  ；  iron,  0'18  per  cent.  ；  sodium,  0*05  per  cent. 

Exti nifttion  of  (1opper. ― The  copper  was  determined  by 
the  iodine-thiosulpliate  method. 

Est i //tat i(t n  of  A  I n minium . ― This  has  been  taken  by 
difference,  which  probably  involves  less  error  than  a  direct 
determination. 

Melting  and  Casting  of  the  Ingots. ― The  copper  and  cupro- 
nickel  were  melted  together  under  charcoal  in  a  Salamander 
crucible,  heated  in  a  coke  wind  furnace.       The  m etal  was 


Table  I. —— 「"/〃,""•〃/;'〃  of  tin 
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Copper 

Nickel 

Ahmiiniuni 

No. 

per  cent. 

per  cent. 

per  cent. 

1 

89-94 

10-06 

2 

89- 14 

104 

9-82 

：! 

87-t)0 

2--K) 

9- 88 

85-11 

4-95 

!»•!" 

5 

82-82 

7-48 

9-70 

'•' 

！ )4-98 

1)3' 90 

0-94 

.V  10 

92*68 

2-38 

89-84 

4-84 

10 

87 -4S 

7*31 

teemed  ； it  as  low  a  temperature  as  possible  into  a  circular 
cast-iron  chill  mould,  following  up  with  fluid  metal  fi'om  the 
pot  to  avoid  the  pipe  which  would  be  caused  by  slu'iiikay. 
Tlie  ingots  thus  cast  were  2]in.  diam.,  18in.  in  length,  ； m(l 
weighed  about  201bs.  The  time  from  oliarging  the  cold 
metal  to  teeming  was  about  one  hour.  The  maximum  loss  of 
alinniiuuiii  was  0'4  per  cent.,  the  average  loss  being  about 
0'2  per  cent.  There  was  no  loss  of  nickel.  Ten  ingots  were 
cast,  and  on  analysis  gave  the  results  shown  in  Table  1. 

Rolling  of  the  Ingots. ― The  eight  ingots  containing  nickel 
were  all  lieatecl  up  to  the  same  temperature  together  and 
rolled  down  with  one  reheating  to  1  in .  diam .  I ti  e;"  h  case 
the  reheating  was  done  when  the  diameter  had  been  rediu-etl 
t  ) 】 jin.  Tlie  temperature  required  lor  rolling  was  hi^lier  than 
for  ortlinnrv  uliuniniiun  bronze,  ； uul  t  lie  metal  was  not  icc;i  1)1  v 
harder.     The  alloy  whii-li  a.]>]>eaie(I  to  lie  liaidest  on  rolling 

*  Abstract  of  paper  read  before  the  Institute  of  Metals,  March  IStli.  1914. 


was  No.  10  with  about  7.1,  por  cent .  of  nickol  and  5  per  cent, 
of  aluminium  ；  next  were  Nos.  5  and  4  with  1(J  per  cent .  (,t 
aluminiuMi  and  7 A  and  f>  per  cent,  of  ni<*kel  r''s|H'<  t i、'H、'. 
One  half  piece  of  each  of  1  lif*  hot  rolled  rods  was  t  hen  < 
rolled  with  four  passes  ；  another  Bmall  piece  was  rolled  hoi 
down  to  Ain.  diam.  and  t  hen  cold  ！ oiled  with  three  |>a  ' 
With  tlie  exception  of  t Ik*  (liU'crcnr**  in  liardness  ahead v 
mentioned,  all  the  alloys  hcliaved  similarly  in  rolling,  vi^MiiiL' 
perfectly  sound  rods.  Nos.  I  and  '；，  containiiii.'  no  nirkcl, 
were  rolled  hot  clown  to  j;]  iti.  t'uli  (li;im('tf'r，  ami  tl"'  cold 
working  was  carried  out  on  one  half  piece  of  each  rod  by 
drawing  through  a  die  (cold  drawing)- 

Wire-drawing  Tests. ―  A  port  ion   ot'  i       was  t  m  m'.'  i 

(lown  to  f^in.  diam.  for  wire  drawing,  which  was  carrie*!  mil 
first  on  a  small  draw-l)ench,  and  afterwards  hv  hand.  All 

Table  TI. ― Wir 卜 dm,,  hi"  /tVx〃//.、. 
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Fini-li*-*!  at 

Copper 
per  cent. 

Nickel 
per  cent. 

Aliimiiiium 
|M'r  c<-nt. 
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( 1  tf>  ； 5(1). 

( '' ini  s[Kinil- 
in^  (lianictcr 
in  infhes. 

C  C. 【、 1，  w 

一  -  一  o  1 

r  r.  z:  卜 

44 
48 
40 
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8 

6 

5*02 

50 

0  033 

7 
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0-94 
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it- 033 

8 
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2-3S 

4  94 
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4-84 

「"32 

50 

00.33 

14) 

寸 

00 

7-31 

521 

50 

0- •)：{：{ 

tlie  wires  were  quite  sound  and  smooth,  and,  judged  by  their 
behaviour  in  the  wire-drawing  tests,  the  allovs  of  the  two 
series  stand  in  the  following  order  ： ― 

A/umit，i"w,  10  per  ( %'nt. ―  Nos.  2，  1，  3.  All  these,  how- 
ever, broke  even  after  repeated  annealing  before  hole  50  was 
reached .    Nos.  4  and  5  practically  could  not  be  drawn . 

AJti  minium,  '；  ptr  <  't/tt. ― Nos.  7，  8,  9，  10,  6.  It  will  be 
noticed  that  all  the  members  of  this  series  could  be  drawn 
through  the  last  hole  (50),  diameter  0*033in.  The  behaviour 
of  the  material  containing  nickel  during  these  tests  was  found 
to  be  very  much  better  than  that  of  the  pure  5  per  cent, 
aluminium  bronze,  thus  showing  that  the  presence  of  nickel 
improves  the  ductility  of  this  allov. 

Tensile  Tests.  ―  In  the  tests  about  to  he  WescriKed ,  "  1 1 
refers  to  the  cold  rolled  metal.  "  A  "  to  the  annealed  and 
slowly   cooled,   "  N     to   the   air-cooled,  and    "  Q  '，   to  the 
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Yield  Po'nf 

一 

*' 〜- ~<r 
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Fir,.  2.-  Tknsii.k  Tests. 


PlRCiNJAGt  OF  NtCKU 

Alumintttm  10  pkr  Cent. 


ANI>  AX\KAI-KP. 


cjiienched  material,  while  "  C  '  iiiclic:ites  the  chill  rastiu^s 
These  latter  were  lin.  diam.  and  lOiu.  long.  The  annealing 
was  carried  out  by  heating  the  rods  with  a  pviometer 
attached,  in  a  closed  gas  muHle,  to  900°  C.f  and  keeping  tliem 
at  this  temperature  for  15  niinutes.  Tlie  gas  was  then  turned 
off,  the  damper  closed,  and  tlie  rods,  after  heiu^  allowed  to 
cool  .slowlv,  were  witlulrawn  when  quite  cuUI .  The  rate  ot 
cooling  may  he  jiulijed  from  the  fact  that  tlie  teniperatui o 
I'ell  to  oiie-lialf  in  90  mi  mites.  Some  prelim  inarv  e\  pci  i 
ments,  in  wliicli  tho  hardness  of  a  number  of  aniiealeil  samples 
was  measured  l»y  the 〜，'"'「"、。卞,、 -howed  that  the  amiealin 乂 
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Fig.  3— Tensele  Tests    Aluotnidm  5  per  Cent.  Chill  Castings. 

10  per  cent,  nickel  alloy  in  the  form  of  chill  casting  is 
improved  by  annealing  at  900°  C. 

. I  nneahd  lloiW  (Fig.  2). — Tlie  mechanical  properties  are 
all  considerably  improved  by  the  addition  of  5  per  cent,  of 
nickel.  Above  this  figure  elongation  and  reduction  of  area 
begin  to  fall  off. 

CohJ  lioUcd  /'oris. ―  The  only  marked  change  which  takes 
place  with  increasing  percentages  of  nickel  is  a  considerable 
rise  in  the  maximum  stress,  without  any  reduction  in  ductility. 

Q// inched  、'. ——The  effect  of  nickel  in  the  quenched 
bars  is  to  reduce  slightly  the  maximum  stress  :  the  elongation 
and  reduction  of  area  increase  with  the  percentage  of  nickel, 
but  are  very  small  throughout. 

J  ir-moh-d  〃"〃.、■• ― The  mechanical  properties  were  inter- 
mediate between  those  of  the  quenched  and  annealed  series. 
The  alloys  thus  treated  resembled  the  latter  series,  but 
possessed  a  higher  maximum  stress. 

Aluminium,  5  per  Cent. —— (liiil  〃"-、'//•?/〃》  (Fig.  3). —— Up  to 
5  per  cent.,  nickel  greatly  improves  the  elongation  and  reduc- 
tion of  area  of  these  alloys  without  affecting  the  maximum 
stress  and  yield  point.  With  more  than  5  per  cent,  of  nickel, 
the  latter  properties  are  rapidly  improved,  while  the  elonga- 
tion and  reduction  of  area  suffer  a  corresponding  decrease. 
Nevertheless  the  yield  point  and  maximum  stress  are  both 
raised  by  about  four  tons  per  square  inch,  before  the  ductility 
is  reduced  to  that  of  the  pure  copper-aluminium  alloy.  The 
increase  in  elongation  and  reduction  of  area  due  to  the  first 
1  per  cent,  of  nickel  is  very  marked,  the  chill  casting  showing 
an  elongation  of  92  per  cent.,  compared  with  68  per  cent,  for 
the  corresponding  copper-aluminium  alloy  without  nickel. 

A  nneah-d  liods  (Fig.  4). ― Here  again  the  effect  of  the 
first  ]  per  cent,  of  nickel  on  the  ductility  of  the  alloy  is  very 


9f 

Number  of  test  Piece. 
Fig.  5.— Stress-strain  Diagrams. 

of  the  cast  metal  of  the  10  per  cent,  aluminium  series  with  a 
high  percentage  of  nickel  :  the  next  is  typical  of  all  the  rolled 
and  annealed  alloys  with  10  per  cent,  of  aluminium.  The 
four  following  diagrams  illustrate  the  effect  of  quenching  on 
the  alloys  containing  5  per  cent,  of  ahninnium,  with  1\  and 
5  per  cent,  of  nickel  respectively  ；  while  the  last  is  typical  of 


marked.  The  maximum  stress  and  yield  point  rise  slowly 
until  5  per  cent,  of  nickel  is  reached,  and  then  very  rapid lv 
to  71  ]>er  cent,  of  nickel.  The  elongation  and  reduction  of 
area  begin  t()  fall  when  the  nickel  exceeds  1  per  cent.,  I)iit 
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Fig.  4.— Tensile  Tests.    Alumintum  5  per  Cent.    Rolled  and  Annealed. 

they  still  retain  a  very  high  figure  even  in  the  5  per  cent, 
nickel  alloy. 

( 1  old -rolled  〃o/7.、'. —— The  maximum  stress  and  yield  point 
are  raised  while  the  elongation  and  reduction  of  area  decrease 
slowly  with  between  1  and  5  per  cent.,  and  then  more  quickly 
with  over  5  per  cent,  of  nickel. 

(^i/r/tc/ierf  Iifu/s. ― The  effect  of  nickel  up  to  5  per  cent,  on 
the  quenched  material  is  to  increase  slightly  the  yield  point 
and  maximum  stress,  and  to  improve  the  ductility.  Above 
5  per  cent,  the  increase  in  yield  point  and  maximum  stress  is 
more  rapid,  and  there  is  a  corresponding  fall  in  elongation  and 
reduction  of  area. 

A  comparison  of  the  results  for  the  quenched  rods  with 
those  for  the  annealed,  showed  that  with  less  than  5  per  cent, 
of  nickel,  the  maximum  stress  is  hardly  affected  by  quenching, 
though  the  yield  point  is  slightly  raised,  and  the  elongation 
and  reduction  of  area  diminished.  With  5  per  cent,  of  nickel 
the  ductility  is  greatly  increased  by  quenching,  while  the 
maximum  stress  and  yield  point  are  both  lowered.  This  effect 
is  still  more  marked  in  the  alloy  with  1\  per  cent,  of  nickel, 
where  the  elongation  and  reduction  of  area  are  both  more 
than  doubled  by  quenching. 

. 1  ir-vooled  /"〃/,、'. 一 Unlike  the  members  of  the  series  with 
10  per  cent .  of  aluminium,  the  air-cooled  5  per  cent, 
aluminium  alloys,  containing  upwards  of  5  per  cent,  of  nickel, 
present  mechanical  characteristics  which  approximate  to  those 
of  the  quenched  rather  than  the  annealed  metal.  The 
maximum  stress  is  even  slightly  lower  than  that  of  the 
quenched  material,  but  this  is  probably  to  be  accounted  for 
by  the  absence  of  any  hardening  effect  due  to  strains  set  up 
in  quenching. 

Reproductions  of  some  of  the  stress-strain  diagrams  are 
given  in  Fig.  5.    The  first  (starting  from  the  left)  is  typical 


of  t  lie  10  per  cent,  aluminium  alloys  containing  nickel  was 
iiicoinplete  at  800°  C.  for  15  minutes  ；  but  after  annealing 
at  900°  C.  for  an  equal  time,  no  further  change  in  tlie 
mechanical  properties  took  place  on  extending  tlie  period  of 
annealing  to  one  hour.  The  quenched  specimens  were  rods 
1  in.  diam.  and  Sin.  long,  having  a  volume  of  6*3  cub.  in.,  and 
weighing  about  l*61b.  ；  they  were  heated  up  to  900°  C.，  kept 
at  that  temperature  for  about  15  minutes,  and  then  quenched 
in  cold  water. 

In  view  of  the  marked  difference  in  properties  between 
some  of  the  quenched  and  the  slowly-cooled  specimens,  it  was 
thought  desirable  to  make  tests  on  air-cooled  samples  of  the 
same  dimensions  as  above,  for  which  the  rate  of  cooling  was 
quicker  than  for  the  annealed  series,  though ,  of  course,  much 
slower  than  for  the  quenched  metal.  The  dimensions  of  the 
finished  test  pieces  were  ：  Diameter,  0"564in.  ；  gauge  length, 
2in.  ；  parallel,  2] in.  The  tests  were  carried  out  on  a 
Buckton  universal  horizontal  testing  machine  fitted  with 
a  Wicksteed  recorder.  From  the  autographic  stress-strain 
diagrams  thus  obtained  the  yield  points  were  measured. 
Some  of  the  results  are  shown  graphically  in  Figs.  1  to  4. 

The  following  is  a  summary  of  the  effect  of  nickel  on  the 
mechanical  properties  of  these  alloys  :  any  marked  discon- 
tinuity in  the  mechanical  properties  was  in  nearly  every  case 
found  to  be  associated  with  a  change  in  the  microstructure, 
and  this  will  be  referred  to  later  when  dealing  with  the 
micrograpbic  analysis  of  the  alloys. 

Aluminium,  10  per  Cent. ― ( '/////  (  \/sfiiH/s  (Fig.  1). ― Increased 
maximum  stress,  and  yield  point  are  obtained  up  to  10  per 
cent,  of  nickel  at  the  expense  of  elongation  and  reduction  of 
area.      Above  that  point  all  the  properties  diminish.  The 
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the  cast  metal  of  the  5  per  cent,  series,  wit  li  iiirkcl  \i\>  to 
5  per  cent . 

Alternating  Stress  Tests. ― The  authors  are  小 t('<l  ")  l*i of. 
Arnold  for  carrying  out  t  hese  tests  on  specimens  of  t  In- 
annealed,  cold  rolled,  and  quenched  rods.  The  results 
obtained  undci*  standard  conditions  on  t'lie  Arnold  fiiacliinc 
are  shown  graphically  in  Fig.  6.  The  behaviour  of  Hie  "ll。vs 
under  t  his  test  may  be  briefly  stated  as  follows  ： 

. I  It/ //i lit itt in,  /0  per  ( 'f/if. —— The  resistance  of  the  cold-rolled 
rods  to  alternating  stress  is  reduced  by  the  presence  of  nickel. 
The  detrimental  effect  which  is  produced  by  ;m I  m '— ' 
the  10  per  cent,  alinninimn  alloys,  and  which  is  so  well 
exemi>li(ied  by  their  behaviour  in  this  test,  is  to  some  extent 
diminished  by  the  presence  of  5  per  cent,  of  nickel,  a  con- 
clusion also  in  accordance  with  the  results  of  the  i-ensile  icsls. 
Tlie  results  for  the  quenched  rods  were  very  irregular  and 
untrustworthy  on  account  of  their  coarsely  crystalline 
structure,  and  the  tendency  of  the  test  pieces  to  become 
" hinged  "  hy  the  interlocking  of  the  crystals. 

Alum  in  in  .7  jirr  (-rtit. — In  each  series  an  increasing 
percentage  of  nickel  results  in  diininished  resistance  to  alter- 
nating stress  ；  in  the  annealed  state,  however,  there  is  no 
decrease  until  the  nickel  exceeds  1  per  cent.  The  effect  of 
quenching  is  to  increase  the  resistance  of  these  alloys  to 
alternating  stress. 

Hardness  Tests. ― The  hardness  of  the  alloys  under  diirerent 
conditions  of  mechanical  and  heat  treatment  has  been  deter- 
mined both  by  the  Shore 
scleroscope  (using  the  uni- 
versal hammer)  and  by  the 
Brinell  method.  The  speci- 
mens tested  were  cylinders 
about  lin.  high  and  1  in. 
diam .  ，  with  polished  sur- 
faces. They  were  cut  from 
the  same  rods  as  the  tensile 
test  pieces,  and  had  received 
precisely  the  same  thermal 
and  mechanical  treatment. 
The  Brinell  tests  were 
carried  out  according  to  the 
standard  conditions,  using  a 
10-millimetre  ball  under  a 
load  of  3，000  kgs"  the  pres- 
rcRctNTAOL  of^chL  sui'e  being  applied  for  one 

fig.  6.-ALTERNATiN(i  Tksth.  ""mite'    The  results  given 

for  the  quenched  series  con- 
taining 5  per  cent .  of  aluminium  were,  however,  obtained 
with  a  load  of  1,000  kgs. 

The  hardness  numbers  were  calculated  as  follows  : — 
Load  in  kilogrammes 
spherical  area  of  tlie  concavity  (in  square  millimetres). 
The  hardness  numbers  were  obtained  by  both  the  sclero- 
scope and  Brinell  methods.    Some  of  the  results  are  shown  in 
Figs.  7  and  8，  where  the  Brinell  numbers  are  represented  by 
dots  and  a  continuous  line,  and  the  scleroscope  numbers  by 
small  circles  and  a  dotted  line.  The  relative  hardness  numbers 
recorded  by  both  methods  are  in  fairly  close  agreement,  the 
lines  through  the  two  sets  of  readings  running  nearly  parallel 
to  one  another  ；  but  the  effect  of  cold  rolling,  and  especially  of 
quenching,  is  greater  in  proportion  on  the  scleroscope  scale 
than  in  the  Brinell  hardness  numbers 

It  will  be  seen  that  the  hardness  curves  in  general  have  the 
same  character  as  those  representing  yield  point,  the  most 
noteworthy  fact  being  the  rapid  increase  in  the  hardness  of 
the  5  per  cent,  aluminium  alloys  in  the  annealed  state  in  t he 
presence  of  upwards  of  5  per  cent,  of  nickel,  and  in  tlie  cast 
state  when  the  nickel  exceeds  7i  per  cent.  This  increase  is 
so  rapid  that  when  the  nickel  reaches  7i  per  cent,  the  an- 
nealed metal  with  5  per  cent,  of  aluminium  is  harder  than  tlie 
corresponding  alloy  with  10  per  cent,  of  aluininiuni  ；  and  the 
same  applies  to  the  cast  metal  with  15  per  cent,  of  nickel. 

A  comparison  of  the  figures  for  the  quenched  material 
with  those  for  the  annealed  may  be  made  by  considw  iiig  the 
hardening  capacity  of  the  alloys,  i the  ratio  of  the  hardne'ss 
of  the  quenched  material  to  that  of  the  annealed.  As  t he 
percentage  of  nickel  increased  there  was  a  very  marked  and 
regular  diminution  in  the  hardening  capacity  of  the  alloys 
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Fig.  7.— Hardness.    Hhixell  and  Sclkroscopk  Tests  on  Ciiii-t-  (Ustiv.、 

(8.80)  is  less  than  that  of  copper  (8.93)，  it  was  found  that  I  lie 
presence  of  nickel  brought  about  a  distinct  increase  in  t  lie 
specific  gravity,  this  being  most  marked  in  the  10  per  cent, 
aluminium  alloy  with  5  per  cent,  of  nickel.  In  this  series, 
with  larger  amounts  of  nickel,  the  specific  gravity  fell  in  spite 
of  a  slight  decrease  in  aluminium.  This  fact,  as  well  as  the 
differences  between  the  cast  and  annealed  alloys  of  the  same 
series,  is  probably  significant  in  connection  with  the  con- 
stitution of  these  alloys. 

Melting  Point$. ― The  melting  points  of  a  mnnltt-r  oi  t  lit*  alloys 
were  determined  with  a  thermo-electric  couple  and  a  (iin''  t 
reading  millivoltmeter.  The  results  show  that  the  addition  of 
nickel  to  the  5  per  cent,  aluminium-copper  alloy  results  in  an 
immediate  and  considerable  rise  in  the  melting  point  ；  while 
with  the  10  per  cent,  alloy  there  appears  to  be  a  slight  fall  at 
first  followed  by  a  rise  before  the  nickel  reaches  5  per  cent. 

Conductivity  for  Electricity.— The  resistance  uf  definite  lengths 
of  the  wires  made  as  described  under  "wire  drawing  ami 
subsequently  annealed  by  heating  to  redness  and  cooling  in 
air,  was  measured  by  the  Wheatstone  bridge  method  with  t  Ik* 
aid  of  a  carefully  standardised  resistance  box.  The  results 
are  shown  graphically  in  Fig.  9.  It  will  be  noticed  thrU  t  !h* 
conductivity  of  the  5  per  cent,  alloy  is  only  very  slightly 
greater  than  that  of  the  alloy  containing  10  per  rent,  of 
aluminium.  The  effect  of  nickel  in  both  cases  is  to  diuiini>h 
the  conductivity. 

Corrosion  Tests. ― Plates  of  metal  having  t \\v  diinensiou^ 
2'0  X  0*75  X  0' liu.  were  tested  both  in  the  cold  rolled  and 


wit  li  10  per  cent.. of  Hluminiuin.  1 11  1  he  Tj  per  r*cnt  、'  ri '-，  1  In- 
value  of  the  ratio  fell  holow  0110  、vIk"i  tl"'  nickel  reached  h  !"'r 
cent.,  and  was  stil】  furtlicr  r( '山 m'"  at  11  per  cent .  of  nirkrl, 
indicating  that  these  alloys  are  very  consideraM  v  oi  l  cued  hy 
quenching,  a  result  entirely  in  accrordaiKre  \\\\\\  t lie  tj-nsiU' 
tests  and  inicrostructure. 

Specific  Gravities. ― The  '—m   vit  i**s  ol  t      alloys  as  cliill 

castings,  and  also  as  annealed,  cold  rolled,  and  f|ii«'ii'  l"'(J  rods 
were  obtained.    In  spite  of  I  he         t  hat  the  (k-iisitv  of  nickel 


Fig.  8.- 
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annealed  conditions.  The  annealed  plates  had  been  heated  in 
a  muffle  to  a  good  red  heat,  and  cooled  in  air.  Each  plate, 
after  being  polished  and  thoroughly  cleaned,  was  weighed  and 
suspended  from  a  glass  hook  attached  to  a  piece  of  wood 
whic  h  rested  on  the  edges  of  a  porcelain  tank.    At  the  end  of 
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the  tests  tl"'  plates  were  carei'ully  cleaned,  dried,  and 
weighed.  For  purposes  of  comparison  plates  of  Muntz 
metal  (copper  61  per  cent.),  and  of  naval  brass  (70:  29  ：  1) 
were  included. 

Frrs/t  I 「〃/,/'  Ttsfs. —— A  gentle  stream  of  tap  water  was 
kept  flowing  continuously  through  the  tank  for  144  clays, 
during  whirh  time  the  plates  were  taken  out  and  gently 
rubbed  once  a  fortnight.  The  tap  water  was  "  soft  "  and  of 
high  quality.  The  results  show  that  if  the  nickel  has  any 
action  it  is  to  increase  the  rate  of  corrosion.  In  all  cases,  the 
action  of  this  very  pure  tap  water  on  the  alloys  was  ex- 
ceedingly small.  The  plates  were  only  slightly  tarnished,  and 
were  all  perfectly  smooth.  The  alloys  containing  1  per  cent, 
of  alurniniuni  showed  dark  spots  in  places,  the  Muntz  metal 
was  more  tarnished  and  darker  in  colour  than  any  of  the 
10  per  cent,  aluminium  alloys,  and  the  naval  brass  was  covered 
with  brownish  red  patches  where  deziiicificatioii  had  begun  to 
take  place. 

Stft  11',〃'/  'l\  s/s. ― The  sea  water  which  was  obtained  from 
a  bay  in  the  Bristol  Channel  was  changed  every  fortnight, 
and  at  the  same  time  the  plates  were  taken  out  and  gently 
rubbed.  The  duration  of  the  trials  was  123  days.  The  effect 
of  nickel  up  to  10  per  cent,  is  in  all  cases  greatly  to  reduce  the 
corrosion  of  the  allovs  by  the  sea  water,  the  effect  of  the  first 
1  per  cent,  of  nickel  on  the  10  per  cent,  alloy  being  very 
marked.  There  was  no  appreciable  difference  in  the  behaviour 
of  the  annealed  and  cold  rolled  metal.  The  plates  after  their 
immersion  in  sea  water  were  generally  smooth,  but  varied  in 
appearance.  The  pure  10  per  cent,  copper-aluminiiun  alloy 
was  much  darker  in  colour,  and  the  surface  was  roughened, 
while  those  containing  nickel 
were  quite  smooth  and  only 
slightly  dimmed,  but  had 
assumed  a  greenish  tinge . 
The  5  per  cent,  aluminium 
alloy  showed  a  dull  reddish 
yellow  colour,  with  1  per 
cent,  of  nickel  this  was 
lighter  ；  while  the  alloys 
with  5  and  10  per  cent,  of 
nickel  respectively  remained 
perfectly  bright.  The  1  per 
cent,  aluminium  alloys  with 
low  nickel  were  coated  with 
a  fine  dark  red  deposit,  but 
when  the  nickel  reached  10 
per  cent,  the  surface  as- 
sumed a  dull  greenish  colour. 
Meanwhile  the  surface  oi 
the  M  ii  n  t  z  metal  had 
become  dimmed  and  covered  with  small  reddish  excrescences  : 
and  the  naval  brass  showed  a  greenish  deposit  easily  removed, 
leaving  a  reddish  surface  underneath. 
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9.— Kklative  Conductivity  ion 
Electkility  (Coppeu^IOO). 


Institute  of  Metals. ― The  report  of  the  Council  of  the  Insti- 
tute of  Metals  presented  at  the  annual  general  ineeling 
mx'ntlv  held  in  London  showed  that  the  total  membership  now 
amounted  to  626,  an  increase  of  20  on  the  previous  year's 
figures.  The  Birmingham  local  section  had  a  membership 
of  80，  an  increase  of  8  on  the  previous  year.  The  financial 
statement  showed  that  the  income  was  £1,556.  In  addition 
there  were  two  donations  amounting  to  £110.  The  amount 
to  be  carried  forward  to  next  year's  account  was  £699  against 
£563  a  year  ago.  The  ballot  had  resulted  in  the  election  of 
Engineer  Vice-Admiral  Sir  H.  J.  Oram  (London)  as  presi- 
dent. In  his  address,  reproduced  on  page  294  of  our  last 
issui',  lie  dealt  with  the  splitting  and  corrosion  of  con- 
denser tubes  in  the  Navy.  The  following  members  of  the 
Council  were  elected  ：  Mr.  L.  Arclibutt  (Derby),  Prof.  A. 
1»h rr  (Glasgow),  Messrs.  T.  A.  Bayliss  (King's  Norton),  G.  T. 
Beilby  (Glasgow),  A.  Cleghorn  (Glasgow),  George  Hughes 
(Norwich),  R.  E.  Hutton  (Sheffield),  W.  Murray  Morrison 
(London),  the  Hon.  Sir  C.  A.  Parsons  (Newcastle-on-Tyue), 
Arnold  Philip  (Portsmouth),  W.  Rosenhaim  (Teddington), 
A.  E.  Seaton  (London),  Sir  W.  E.  Smith  (London),  L.  Sum- 
mer (Manchester),  and 霪 H.  Wilson  (Sheffield).  A  list  of 
new  members  was  submitted  to  the  meeting,  bringing  the 
total  membership  to  640. 


THE  CHEMICAL  AND  MECHANICAL  RELATIONS  OF  IRON, 
TUNGSTEN.  AND  CARBON,  AND  OF  IRON,  NICKEL,  AND 
CARBON. 

A  paper  on  this  subject  by  Prof.  J.  ().  Arnold,  F.R.S.,  and 
Prof.  A.  A.  Read,  F.I.C.,  was  read  at  a  meeting  of  the  J usti- 
tution  of  Mechanical  Engineers,  held  in  London  on  March 
20th.  The  paper  embodied  the  results  of  research  work  car- 
ried on  at  the  University  of  Sheffield  The  authors  first 
described  the  results  of  tests  on  a  series  of  tungsten  steels. 
The  steels  were  manufactured  in  the  ordinary  way  in  the 
experimental  steel  works  of  Sheffield  University  by  the  white 
crucible  process  with  coke  fuel.  The  materials  used  were 
Swedish  bar  iron,  charcoal,  and  metallic  tungsten.  The 
ingots,  weighing  about  401bs.  each,  were  cast  into  2^in.  square 
moulds  and  were  forged  into  lin.  round  bars.  A  considera- 
tion of  the  results  indicated  that  in  many  cases  practically 
the  total  amount  of  carbon  in  the  steel  was  obtained.  In 
some  cases  the  slightly  lower  results  were  partly  accounted  for 
by  a  slight  roughness  of  the  bars,  which  preveated  the  last 
traces  of  carbide  being  recovered.  In  the  steel  containing 
0'7  per  cent,  of  carbon  and  9"74  per  cent,  of  tungsten,  nearly 
the  whole  of  the  iron  carbide  disappeared,  being  replaced  by 
a  carbide  of  tungsten  corresponding  closely  to  the  formula 
WC，  which  theoretically  should  contain  tungsten  93*88  and 
carbon  6"  12  per  cent.  Other  results  strongly  suggested  that 
with  about  Hi  per  cent,  of  tungsten  present  Fe3C  could  not 
exist.  Curiously  enough  tliis  percentage  corresponded  to  the 
low  tuiigsttn  limit  for  modern  higli-speed  steely. 

Passing  on  to  the  steels  containing  14'96,  21*15,  and  26"29 
per  cent,  of  tungsten,  the  authors  noticed  that  as  the  tungsten 
rose  the  carbon  fell  and  the  iron  rose.  This  fall  in  carbon, 
the  reappearance  of  the  iron  in  the  carbide  residue,  and  the 
remarkable  increase  in  the  weight  of  the  residue  yielded,  at 
once  led  the  authors  to  suspect  the  presence  in  the  carbide 
of  tungsten  of  a  stable  tungstide  of  iron.  Numerous  experi- 
ments with  various  reagents  were  made  to  try  and  separate 
this  tungstide  of  iron  from  the  carl)kle，  but  without  success. 
The  results  obtained  by  increasing  either  the  strength  of  the 
liydrochloric  acid  or  the  current  density  showed  that  the  only 
effect  was  to  reduce  the  percentage  of  total  carbon  obtained 
in  the  residue,  without  altering  the  composition  of  the  latter. 

In  crucible  steel-melting  operations  at  Sheffield  Uni- 
versity, which  had  for  their  object  the  preparation  of  ferro- 
tu ngsten,  the  existence  of  tungstide  of  iron  raised  difficulties 
on  account  of  its  liigh  specific  gravity,  which  rendered  tlie 
preparation  of  a  homogeneous  alloy  almost  impossible  in  the 
crucible.  In  making  very  pure  40  to  50  per  cent,  ferro- 
tungsten,  from  metallic  tungsten  and  Swedish  bar  iron,  there 
was  always  a  fluid  portion  which  teemed  easily,  and  a  liquated 
portion  at  the  bottom  of  the  crucible  which  it  was  almost  im- 
possible to  pour  owing  to  its  higher  freezing  point.  It 
remained  in  the  crucible  in  a  pasty  condition,  and  when  cold 
was  drilled  with  difliculty  by  a  special  drill  which  easily 
drilled  the  hardest  chilled  white  iron .  Therefore  its  liHidiioss 
approximated  to  that  of  felspar,  namely,  6  ou  Moh's  miii(— ""1 
scale.  A  table  was  given  containing  an  example  of  this 
phenonienon.  The  fluid  and  relatively  low  freezing-point 
alloy  contained  38'2  per  cent,  tungsten  and  weighed  14!U)s. 
The  higher  freezing-point  metal,  which  would  not  pour,  con- 
tained 52*3  per  cent,  tungsten  and  weighed  131bs.  The  com- 
position of  the  higher  freezing-point  metal  approximated  to 
FeaW.  This  unavoidable  liquation  rendered  it  impossible  for 
a  big  bar  of  high-speed  steel  (made,  say,  from  a  2-ton  ingot) 
to  be  homogeneous.  The  tungsten  at  the  bottom  of  the 
ingot  was  always  distinctly  higher  than  that  at  the  top,  and 
the  higher  the  tungsten  the  more  pronounced  wms  the  dif- 
ference between  the  top  and  the  bottom  of  the  bar. 

The  micrographic  analysis  of  the  tungsten  steels  had  re- 
vealed the  presence  of  three  new  constituents :  (a)  tungsten 
pearlite,  (b)  tungsten  cernentite,  and  (c)  tungsten  hardenite. 
Tungsten  pearlite  seemed  to  present  only  the  sorbitic  variety 
of  pearlite,  namely,  finely  granular  or  minutely  laminated. 
As  in  the  case  of  vanadium  pearlite,  the  authors  had  not 
yet  been  able  to  determine  exactly  the  carbon  saturation 
point.  Tungsten  cernentite  had  been  obtained  on  annealing 
the  higli  tungsten  alloys  in  nodules  resembling  iron  cemeu- 
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tito,  as  i\w  rrsiilt  of  t\iv  s<'^rc^;it ion  of  the  \V( ,  ("  sorhitic 
tuiigsteii  pearlite.  Tungsten  hardcniti'  i'onncd  from  tmi^b'ii 
pearlite  progressively  and  slowly,  the  iransformat  ion  Ix^nn- 
"iu"'  about  850°  C.  (1,562°  Kali.),  a|)|)arent,lv  ('。"屮1''""1 
；! t  about  1,150°  C.  (2,102°  Fah.).  This  steel  contained  14  96 
per  cent,  of  tungsten  and  0  73  per  cent,  of  <;irl'("i.  The 
accornpanying  tal)le  gives  a  somewhat  crude  hut  nevertheless 
decisive  pivu-tical  proof  of  the  progressive  I'onnation  of 
tungsten  hardenite  from  its  pearlite. 


Steel 
No. 

'L'ungsten. 

Carbon. 

Water 

((IH'IHllilli; 

tcnipiTatuns. 

File  test  indicat  i<  >ns. 

Per  cent. 

Per  cent. 

i'c 

1243 

14-!Mi 

0-70 

8(>0 

Fiivii  easily. 

1245 

21-15 

0-7：$ 

I<，ik'"  easily. 

124：! 

I4MM) 

0-70 

1,000 

Hiii(l，  but  cuuM  In-  lilcl. 

1245 

21-  1；. 

0-73 

1， 賺 

Hard,  hul  nml'l  Ik-  lilud. 

1243 

14!Mi 

0-70 

1,100 

Would  not  file. 

124.-) 

21  15 

0"3 

J,  100 

Would  not 

1243 

14'!"; 

0-70 

1,1"" 

\'('rv  hard ,  strij»|H(l  iilc. 

1245 

21-15 

0-73 

Very  hanl,  fstripped  lilc. 

The  above  results  were  obtained  hy  heating  the  steels  in 
a  bath  of  barium  chloride  and  then  (|uenrliing  in  cold  water. 
The  temperatures  were  electrically  adjusted,  read  off  l>y  ine;ms 
of  a  tlienno-couple  pyrometer,  and  were  accurate  to  within 
10°  C.  The  quenching  test  pieces  employed  were  all  in  the 
form  of  discs  |in.  diam.  and  ]in.  thick.  The  facts  shown  in 
the  above  table  had  been  (in  connection  with  tungsten  self- 
hardening  steels)  known  to  practical  men  for  at  least 
20  years,  as  evidenced  by  a  card  of  instruction  issued  by  a 
British  firm  in  1893  and  produced  in  the  great  American 
high-speed  steel  lawsuit  on  August  6，  1907. 

For  working  special  self-hardening  steel  the  steel  must 
be  heated  very  gradually  ；  if  worked  at  too  low  a  heat  it 
was  liable  to  crack.  The  steel  must  be  heated  several  inches 
higher  up  than  was  required  to  be  forged.  After  forging 
the  tool  should  be  re-heated  to  a  roddish-white  heat  and 
then  allowed  to  cool  gradually  in  a  dry  place.  By  varying 
the  heat  from  a  dark  cherry-red  to  a  reddish-white  the 
various  tempers  for  all  tools  could  be  readily  obtained. 

In  summing  up  this  portion  of  the  paper  the  authors 
said :  "It  will  be  evident  that  in  some  respects  the  role  of 
tungsten  in  steel  somewhat  resembles  that  of  vanadium,  but 
its  action  is  much  less  marked.  Its  points  of  resemblance 
are:  (1)  It  forms  no  double  carbide  ；  (2)  it  entirely  displaces 
Fe3C，  but  whilst  vanadium  effects  this  displacement  when 
only  about  5  per  cent,  vanadium  is  present,  it  requires  about 
] 1  per  cent,  of  tungsten  to  completely  expel  the  carbide  of 
iron  ；  (3)  high  tungsten  accelerates  the  segregation  of  the 
carbide  of  tungsten  in  sorbilic  tungsten  pearlite  into  tungsten 
cementite,  just  as  high  vanadium  hastens  the  segregation  of 
the  V4C3  of  sorbitic  vanadium  pearlite  into  vanadium 
cenicnlite.  The  points  of  difTerence  are :  (a)  Vanadium 
pearlite  (like  iron  pearlite)  transforms  with  ； i  marked  tlier* 
inal  abruptness  (say,  over  an  aiDpliiude  of  a  few  degr('o) 
into  vanadium  hardenite  at  about  1,400°  C.  (2,552°  Fall.), 
but  the  transformation  of  tungsten  pearlite  into  tun^si vw 
hardenite  spreads  over  the  very  wide  amplituJe  of,  sav， 
300°  C.  before  completion  ；  (h)  the  authors  have  ohtniiifd 
no  experimental  evidence  that  tungsten,  like  vanadium,  is 
capable  of  forming  tungsten  troo^titic  pearlite. ,7 

Turning  to  the  question  of  nickels  the  authors  oxphiiiH-d 
their  efforts  to  isolate  nickel  carbide.  They  deckled  to  ('； ist 
a  series  of  ]  ^ i n .  round  bars,  cool  as  (juicklv  as  possible  in 
air,  and  turn  the  carbide  bars  from  (lie  alloys  a s  cast.  Tliis 
method  was  to  a  great  extent  siKressful,  since  in  a  steel  ron- 
taining  about  0'7  per  cent,  carbon  and  30  ])vr  (rnt.  nickel 
the  maxitiuuii  percentage,  nainely,  013  per  cent,  of  gra]>liitc, 
was  precipitated. 

Considering  the  carbide  results,  they  said  tliat  with  steels 
fairly  high  in  car1)oii，  and  containing  up  to  8  per  cent,  of 
nickel,  the  carbide  NiyC  existed  only  in  negligible  proporl ions. 
The  cast  bar  calculated  to  contain  0"55  per  cent,  of  c^rlioti 
and  13  per  cent,  of  nickel  was  so  hard  as  to  defy  both  lia<-k- 
saw  and  turning  tool.  With  ca rbon  about  0'8  per  cent. ；。 "（> 
ciated  with  from  20  to  30  per  cent,  of  nickel  tlio  Ni  (C  had 
obviously  assumed  the  supremacy.    The  obviuus  conclusion 


from  the  results  was  that  in  ordina ry  (necessa ril v  somrwluit 
inan^anil' erous)  structural  steels  coniaiiiiii^  nickfl,  sav，  up  In 
7  per  cent.,  tlie  nickel  was  not  associated  with  the  <arlx»u,  I'i" 
was  alloyed  with  the  iron  and  manganese.  This  fact  fi'-'  i'i'fl 
to  explain  the  sornewliat  (list inguislied  position  lield  in  "'屮 I 
metallurgy  hy  ' 1  nickel-chrome  'f  steels.  The  chromium  was 
essentially  an  element  exerting  its  influciirc  as  a  rail'""*  oi 
hardening  constituent,  w  1 1 i  1  st  the  nickel  also  present  was  an 
element  modifying  solely  the  properties  of  the  ferrite  hy 
producing  in  it  an  augin»Mited  elasticity  without  seriou>i v 
diminishing  its  durtility.  The  (|uestfon  arose  in  what  definite 
proportions  did  iron  and  nickel  alloy  produce  a  specific  corn- 
|xjiuid  or  solid  sulutio"? 

Tlie  authors  were  of  opinion  tliat  there  was  a  definite  alloy 
of  iron  and  nickel  corresponding  to  the  formula  P^e7  Ni,  ami 
that  this  substance  was  perhaps  the  most  remarkable  known 
to  ferrous  metallu rgy.  They  arrived  at  this  concliision  as 
the  result  of  some  exj)eriments  made  on  tlie  suggestion  of  Sir 
】{ol)ert  Hatlfield  in  1898.  A  sot  of  alloys  of  nearly  pure 
iron  and  nickel  were  made,  all  the  ingots  hammered  aiul 
rolled  quite  soundly,  being  evidently  prac  tically  free  I'roin 
dissolved  oxygen.  A  table  was  presented,  showing  the  results 
of  chemical  and  mechanical  tests  of  this  alloy.  Attention 
was  called  to  the  surprising  ductibility,  nam  el  v.  1 1  per  cent, 
elongation,  46  per  cent,  reduction  of  area,  and  a  bending 
angle  of  167°，  associated  at  13  per  cent,  of  nickel  with  a  yield 
point  of  59  tons  and  a  inaxiiiiuiii  sticss  of  88  tons  per  ^u;in' 
inch.  The  stiffness  of  the  alloy  when  as  a  |in.  diam.  bar  it 
was  bent  over  by  repeated  blows  from  a  sledge  hainrner,  \va> 
more  than  remarkable.  Nearly  pure  iron  containing  7  per 
cent,  of  nickel  had  nearly  tlie  same  mechanical  properties 
as  iron  containing  about  33'5  per  cent,  of  nickel,  namely,  a 
yield  point  of  about  30，  and  a  maximum  stress  of  about 
38  5  tons  per  square  inch,  associated  with  an  elongation  on 
2in.  of  about  30，  and  a  reduction  of  area  of  about  57  per  cent. 

In  conclusion,  the  authors  remarked  that  nickel  agreed 
with  all  the  other  elements,  the  carbides  of  which  they  had 
investigated,  in  being  a  law  unto  itself.  It  was  true  that 
there  was  some  resemblance  between  tlie  properties  of  nickel 
and  manganese,  but  in  their  mechanical  influences  on  iron, 
they  were  often  strangely  dissimilar.  Theoretical  metal- 
lurgists seemed  to  lose  sight  of  the  fact  that  the  final  ver- 
dict on  their  theories  must  be  pronounced  by  the  engineer, 
who  puts  them  to  the  stern  and  implacable  tests  of  mechani- 
cal practice. 


British  Warships  and  their  Cost. ― A  Parliaiuentarv  j>;j j»n 
recently  issued  gives  particulars  of  the  cost  and  niainteiiaiuc 
of  a  number  of  warships.  At  the  head  of  the  list  ;'i、.t'n,  >o 
far  as  cost  of  construction  is  concerned,  appears  the  "Valiant" 
£2,356,133,  others  in  order  being  the  -'  Barham  ''  £2,348,078, 
the  "  Warspite "  .£2,325,328,  and  the  "  Queen  Elizabeth  •， 
£-,314,762.  The  cost  of  these  four  nieii-of-\va r  was  in('r('"、<  'l 
about  12  per  cent,  by  a  rise  in  prices.  Another  £2,000,001) 
sterling  warship  is  the  "  Tiger."  Tlit'  total  estim'tt，''l  a、,'r;ii:'' 
annual  cost  of  niaiiilenanc^  of  the  four  ships  above  liienlioncd 
is  £170,410  in  each  case,  that  of  the  '  Tiger  '，  being  given  ； is 
even  more,  £183,680. 

Institution   of   Mining   and    Metallurgy.  一  t  wruty-t  liii  'I 

annual  general  meeting  of  this  institution  was  lickl  in  Lon- 
don on  March  2Gtli.  The  retiring  ]>rti>itlent,  M r.  H.  McNeill, 
occupied  the  chair.  In  the  report  of  council  presented  it  was 
shown  tliat  the  institution  luicl  made  substantial  progress  in 
all  directions.  Tlie  gold  med al  j)resenled  by  the  Coiisoli(l;it<  *l 
Goltlliehls  of  South  Africa  was  a wardcil  ronjointlv  to  》l，'、、r、 
A.  J.  Clark  and  William  J.  Sharwood  for  tluMr  paper  on 
" Tlie  Metallurgy  of  the  lloim'〜t;ikr  ( >re/'  and  the  premium 
ot  40  guineas  went  to  Mr.  L.  II.  Cooke  fur  his  papt' rs  dealing 
with  "  Precision  Theodolites."  The  William  Fm'l"»、  ill(' 
students'  prize  of  10  guineas  was  awarded  to  Mr.  P.  I,.  T«'(  'l 
for  his  paper  on  "  The  Determination  of  Water  in  Coal,',  and 
post-graduate  scholarships  of  £50  were  allocated  to  Messrs. 
Lake  (London),  Scott  (Birmingham),  Goepel  ( C*anil>orne),  aiul 
Thomas  Robertson,  B.Sc"  graduate  of  Heriot-Watt  College. 
After  tlie  presentation  of  the  awa rtls  tlie  newiv-eiected  presi 
(lent,  Dr.  F.  II.  Hatch,  took  tlie  chair  and  delivered  his 
presidential  address. 


The  mechanical  engineer. 
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RELATIVE  COST  OF  COKE,  OIL,  AND  GAS  FOR  MELTING 
NON-FERROUS  METALS. 

Some  tests  have  been  made  at  the  Sheffield  University  to 
a^ceitain  the  relative  merits  of  coke,  oil,  and  gas  as  fuels  for 
inciting  iion-Forrous  metals,  the  results  of  which  were  recently 
published  by  Prof.  J.  ().  Arnold.  The  results,  which  a  re 
given  in  the  accompanying  table,  are  based  on  a  run  of  14 
hours,  involving  an  aggregate  weight  of  brass  of  nearly  one 
ton,  and  show  a  strong  prima  facie  case  for  the  use  of  gas  as 
a  fuel  for  melting  non-ferrous  metals.  It  will  be  noted  from 
the  figures  given  in  the  table  that  the  cost  of  gas  per  lOOlbs. 
melt  was  2"9d.  lower  than  that  of  coke.  This  is  due  to  the 
special  advantage  the  city  enjoys  from  the  low  price  of  gas. 
The  cost  of  oil  renders  the  use  of  this  form  of  fuel  prohibitive, 
though  it  possesses  an  outstanding  value  for  the  purity  of 
the  product  as  regards  sulphur.  The  question  of  oxidation 
has  not  yet  been  dealt  with,  but  experiments  are  being  put 
forward  whereby  the  relative  merits  of  the  three  systems 
of  melting  in  this  particular  will  be  established.  The  coke 
furnace  is  of  the  ordinary  type  found  in  local  shops,  having 
a  capacity  for  901b.  pots  :  the  oil  furnace  is  similar  capa- 
city, the  air  being  under  a  pressure  of  about  fib.  per  square 
inch  ；  tlie  gas  furnace  has  a  capacity  of  701b.  pots.  With 
regard  to  the  gas  and  oil  furnaces,  it  is  pointed  out  that  the 
smaller  pot  used  for  301bs.  does  not  give  the  niaxinmm  good 
result  possible  to  be  obtained,  as  a  certain  amount  of  heat  is 
wasted  in  using  the  smaller  pots. 


THE  DESIGN  OF  ROLLING  STOCK  FOR  ELECTRIC  RAILWAYS.* 


E.  O  BHIEN. 


Output  on  14-hour  run  (t«»lal  2.22Ulhs. 

brass)  

Weight  of  charge   

Number  of  casts  

Time  taken  for  melting  initial  .'}0ll». 

charge,  starting  cold  furnace  

Time  taken  for  melting  sui>sc((ucn) 

charges,  minimum   

Time  taken  for  melting  subsequent 

charges,  maximum   

Time  taken  for  iiu'lting  sul>s('qurnt 

charges,  average   

Fuel,  Cost  of   


Fuel  (Heat 
units    . . . 


"Uuc)   British  Thrini.il 


Consumption  of  fuel  per  l'M>lks.  brass 

melted   

Cost    of    fuel    per    lOOlbs.  brass 

casting   

Electrical  energy  for  l>last  at  Id.  per 

unit  

Cost  of  graphite  crucibles  (on  a  basis 

of  a  48  heat  life)  

Total  cost  of  melting  10()ll»,s.  brass.  •  •  • 

Zinc  loss  on  lOOlbs.  brass  

Sulphur  (absorbed  from  fuel)  per  cent. 

per  cast   


Coke. 

Oil. 

Gas. 

7201b. 
:501b. 
24 

么 _£  ^ 

75011). 
:E"11，. 

256 

89m  in. 

TOmin.r 

78min. 

22min. 

20min. 

l!»Miin.'/ 

； Hmin. 

41min. 

34inin. 

『| 

27MHI1. 
lOd. 
in-,-  1 .000 

cu.  ft. 

570 
])cr  vu.  i'l . 

4-1  gall. 

383  cu.  ft. 

8"6d. 

15'3d. 

3*8d. 

Nil 

3.3(1. 

lid. 

3  3d. 
21"". 

0*85% 

A  '― 

0  0040 

o-ooiof/ 

0"002(i 

a.  Oil  and  ^as,  although  working  to  a  disadvantage  in  the  small  charges 
ii ><'<!.  "''-umi  ^roatcr  outputs. 

b.  These,  with  increased  facilities,  w  ould  prol>ahly  have  reached  27. 

r.  The  heating  from  "  dead  cold  "  to  first  cast  shows  an  advantage  to 
the  oil  furnace. 

d.  (  ； as  shows  the  low  est  minimum  for  any  301b.  charge,  viz.,  19  minutes 
from  charging  to  pouring. 

e.  This  show  s  a  distinct  saving  in  favour  of  gas  ；  the  relation  being ― 
Cas  100,  coke  135,  oil  267. 

f.  Coku  melting,  、、ith  special  care,  si  lows  the  lowest  zinc  loss  (0'4  per 
cent.). 

(j.  Oil  melt  in^  \  it- Id  eel  the  purest  product  (sulphur  content).  This 
、、（,ul(l  vary  w  itli  the  type  of  oil  used. 


The  Institution  of  Automobile  Engineers. ― Colonel  H.  C-  L. 
Holden,  F.R.S.,  has  been  elected  president  of  this  Institution 
for  the  forthcoming  session,  while  Messrs.  Max  Lawrence, 
Mervyn  O'Gorman,  and  Alex.  Craig  will  be  the  vice-presidents. 
As  a  result  of  the  ballot  for  vacancies  on  the  Council,  Messrs. 
Thos.  Clark^on  (Chelmsford)  and  A.  A.  Remington  (Binning- 
liarn)  have  been  added  to  that  body. 


It  is  now  a  well-known  iact  that  the  possibility  of  the 
application  of  electric  traction  proving  remunerative  depends 
on  the  density  of  the  traffic  plus  the  possibilities  of  develop- 
川 ei"  ;  in  other  words,  the  larger  the  number  of  stations  per 
mile  the  greater  is  the  probability  that  electric  working  will 
result  in  a  reasonable  return  being  obtained  on  the  capital 
expended.  It  must  also  be  remembered  that  on  railway 
systems  embracing  several  large  towns  the  suburban  and 
interurban  passenger  mileage  is  a  very  large  percentage  of 
tlie  total  passenger-train  mileage.  In  the  more  densely 
populated  parts  of  England  the  train  mileage  on  lines  of 
railway  companies  which  have  sufficiently  heavy  suburban 
traffic  to  make  electrification  worth  considering  is  probably 
not  less  than  20  per  cent,  of  the  total  passenger-train  mileage. 
Railways  engaging  in  electrification  of  large  suburban  areas 
therefore  find  that  the  cost  of  operation  of  the  electrical 
services  is  an  important  proportion  of  their  total  expendi- 
ture ；  and,  bearing  in  mind  the  large  addition  to  their 
original  capital  expenditure  involved  by  electrification,  every 
means  of  reducing  both  the  capital  cost  and  the  cost  of  opera- 
tion becomes  a  matter  of  serious  importance  and  worth  the 
minutest  investigation.  The  whole  cost  of  electrification  and 
of  subsequent  operation  will  depend  on  three  factors  :  (1)  the 
number  of  stops  per  mile  ；  (2)  the  schedule  speed  of  the 
trains  ；  (3)  the  weight  of  the  trains. 

Factor  (1)  is  fixed  by  the  nature  of  the  district.  Factor 
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(2)  is  a  matter  for  determination  by  the  management :  the 
needs  of  the  population  of  one  district  can  only  be  served  by 
a  very  fast  service,  while  in  another  district  a  slower  schedule 
with  more  frequent  trains  will  attract  just  as  much  traffic. 
If  the  train  equipments  had  to  be  designed  for  lines  with 
stations  placed  at  uniform  distances  apart,  and  ou  a  level 
track,  the  problem  of  securing  the  most  economical  motor  and 
control  would  be  comparatively  simple.  But  it  will  often 
happen  that  a  profitable  electrification  will  involve  runs  with 
very  short  distances  between  the  stops  in  the  vicinity  of  a 
large  town,  and  also  runs  with  much  longer  distances  between 
the  stops  as  the  trains  get  farther  from  the  urban  area  ；  and 
very  possibly  at  the  extremity  of  the  electrification  a 
secondary  urban  area  is  approached  necessitating  a  number 
of  stops  in  close  proximity  to  each  other. 

The  most  remunerative  traffic  will  be  that  between  the 
extremities  of  the  electrification,  between  the  primary  and 
secondary  urban  areas  ；  consequently  the  equipments  will 
have  to  be  designed  so  as  to  make  a  journey  of  this  length  a 
reasonable  one.  Expresses  as  well  as  stopping  trains  will  be 
required  (as  has  been  found  on  the  London  Underground 
Railways),  and  as  in  most  cases  the  setting  aside  of  special 
stock  for  express  services  would  involve  extra  capital  expendi- 
ture, a  compromise  has  to  be  accepted  both  in  the  motor 
characteristic  and  in  the  gear  ratio.  The  equipments  would 
normally  be  of  such  a  character  as  to  permit  of  a  fairly  large 
percentage  of  coasting  on  the  longer  runs  for  maximum 
economy,  but  the  coninieroial  management  will  soon  realise 

*  Abstract  of  pajter  rood  before  the  Institution  of  EKctrictil  Engineers. 
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that  time  ran  be  saved  l>y  m;ii"t,ai"ing  full  sp，'('(l  nearly  as 
far  as  t  he  sio])])in^  |K)ints  in  Micsc  cases  ；  ； ilso,  ； is  t  lie  district 
develops,  extra  stations  will  he  introduced,  which  will 川 ak(、 
the  origin;!  1  ^vav  ratios  incorrect. 】ii  cons(M|Ucti(M'  tlic  c']uip- 
ments  will  nonnally  run  in  such  a  way  as  to  require  a  high 
energy  consumption.  This  energy  consum ption  is  t  he  sum  of 
that  wasted  in  the  resistances  and  motors,  of  thai  wasted  in 
the  brakes,  and  of  that  utilised  in  overcoming  train 
resistance.  The  first  two  of  these  losses  are  directly  piopor- 
ti'onal  to  the  weight,  and  the  third ― the  train  resistance — is 
so  nearly  proportional  to  the  train  weight  that  it  may  be 
taken  as  being  so  for  practical  purposes.  Fi^.  1  shows  the 
resistance  of  the  Lancashire  and  Yorkshire  Railway  Com- 
pany's trains  as  actually  obtained  by  the  coasting  method. 

Fig.  2  shows  the  approximate  division  of  the  total  energy 
between  its  various  components.  The  curve  in  Fig.  3  shows 
the  percentage  of  the  whole  used  for  acceleration  for  runs  of 
half  a  mile  and  upwards.  The  schedule  speed  is  maintained 
constant  by  prolonging  the  coasting  period  for  the  longer 
runs.  This  curve  emphasizes  the  enormous  importance  of 
light  rolling  stock,  as  far  as  the  influence  on  the  energy 
consumption  of  the  trains  on  high-schedule  short-distance 
suburban  services  is  concerned.  It  will  be  seen  that  the 
energy  consumed  varies  almost  directly  as  the  weight  of  the 
trains,  although  for  runs  between  stations  less  than  one  mil(、 
apart  the  importance  of  the  acceleration  component  increases 
as  the  distance  decreases.  High  energy  consumptions  per 
ton  are  likely  to  accompany  commercially  successful  electri- 
fications, and  the  sole  variable  factor  that  can  be  attacked, 
and  which  enormously  influences  the  whole  problem,  is  the 
weight  of  the  rolling  stock.  It  is  therefore  very  important 
to  consider  in  detail  how  rolling  stock  may  be  built  so  as  to 
give  a  maximum  value  to  the  ratio ~ -number  of  seats  provided 
per  ton  weight  of  train.  The  fact  that  the  coaches  must  be 
comfortable  must  not  be  lost  sight  of;  but  there  is  no  need 
to  assume  that  light  coaches  are  uncomfortable  to  ride  in. 
Excellence  in  riding  is  obtained  by  the  use  of  bogies  of  the 
maximum  wheelbase  permissible,  and  by  careful  design  of  the 
seating  and  springing  systems  ；  also  by  concentration  of  the 
motor  masses  as  near  the  bogie  centre  and  as  high  as  possible. 
The  necessary  protection  against  the  possible  effects  of  colli- 
sion and  fire  must  be  provided,  but  such  protection  is  not 
necessarily  obtained  by  extra  weight. 

Non-inflammability  has   hitherto   been   secured  by  the 
extensive  use  of  steel  instead  of  wood,  but  there  is  no  reason 
why  a  lighter  metal  should  not  be  used.    Lightness  of  con- 
struction may  be  obtained  either  by  using  reduced  scantlings, 
which  is  undesirable  as  involving  a  reduction  in  the  factor  of 
safety,  or  by  using  lighter  materials,  or  by  using  materials  of 
greater  intrinsic  strength ,  thus  enabling  the  scantlings  to  be 
reduced    without    sacrificing    the    strength    of   the  whole 
structure.    Unfortunately  it  is  necessary  to  buy  more  costly 
materials  in  order  to  combine  strength  with  lightness  ；  some 
of  the  lightest  and  strongest  materials  are  still  very  costly, 
one  proprietary  article  exceedingly  suitable  for  rolling  stock 
construction  costing  over  £300  per  ton.    It  is  necessary  at 
this  point  to   consider   to    what   extent   increased  capital 
expenditure  is  justified  by  the  saving  effected  in  running 
expenses.    Assuming  100  watt-hours  per  ton-mile  at  the  ends 
of  the  high-tension  feeders  as  a  typical  energy  consumption  in 
the  near  future,  and  60,000  miles  per  annum  as  a  probable 
mileage  per  car  per  annum,  then  every  ton  of  motor-car  in- 
volves a  consumption  of  6,000  kilowatt-hours  per  annum.  This 
is  equivalent  to  an  annual  expenditure  of  £12*5  per  annum 
per  ton  for  energy  if  a  total  cost  of  0'5d.  per  unit  is  assumed. 
It  is  recognised  that  with  centralised  power  distribution  a 
lower  selling  cost  than  this  is  attainable,  but  except  on  the 
North-east  Coast  it  is  hardly  probable  that  electricity  could 
either  be  bought  from  companies  or  corporations  or  produced 
hy  railway  companies  themselves  at  a  cheaper  rate.  Unfor- 
tunately the  evening  railway  peak  coincides  with  the  winter 
tramway  and  lighting  peak  in  large  towns,  thus  militating 
against  a  reasonably  cheap  supply.    Production  by  a  railway 
company  has  the  advantage  that  no  selling  or  advertising 
charges,  or  charges  involved  in  laying  mains  in  streets,  have 
to  be  borne.    Further,  the  operation  of  a  generating  station 
and  sub-stations  falls  naturally  within  the  province  of  tlie 
Chief  Mechanical  Engineer's  Department,  and  not  only  is 
tlie  highest  efficiency  obtained,  but  also  mauagenieut  charges 


； 'n'  reduced  to  ； i  tniiiitnuni,  and  the  mischievous  changes  of 
policy  that  occur  with  municipal  M;iti'"i、  ；u"  ;!、oi'l''l 

The  cost  of  repairs  to  cacli  ion  of  rolling  stwk  will  amount 
to  about  £5  per  annuin  tor  a  hi^h-spedd  service;  ； md  it.; 
passage  over  the  rails  will  probalily  involve  repairs  to  th" 
track  equivalent  to  another  .1'  1  jxt  aimum,  or  a  total  ' 
per  ton  of  motor-car  of  £18'5  per  ainiuin.  On  similar  lines 
the  cost  per  ton  of  trailer-car  will  be  about  £14  o  per  annurri, 
the  energy  charge  remaining  constant  and  the  other  di;"  ""' 
being  smaller.  The  capital  cost  per  ton  of  motor-car  will  l>r* 
approximately  £70，  and  per  ton  of  trailer  £45.  Hence  every 
ton  of  weight  saved  represents  (taking  interest  and  deprecia- 
tion on  capital  at  10  per  cent.)  a  total  saving  per  annum  of 
£25  5  per  ton  of  motor-car  and  £19  per  trailer-car  per  ton 
per  annum.  It  becomes  therefore  a  commercial  proposition 
to  spend  as  much  as  £185  per  motor  and  £145  per  trailer  in 
labour  and  material  in  order  to  save  a  ton  in  weight  on  th^ 
particular  service  chosen  for  this  illustration,  or,  in  otluT 
words,  every  pound  of  weight  saved  produces  an  economy  ol 
about  2d.  per  annum,  or  is  equivalent  to  securing  one  addi- 
tional passenger  per  annum  in  perpetuity. 

But  further  considerations  of  capital  expenditure  are 
involved.  Every  ton  of  coach  involves  a  consumption  of 
6,000  kilowatt-hours  per  annum,  and  plant  has  to  be  pro- 
vided to  produce  this  energy.  It  will  be  observed  in  Fig.  4 
that  the  maximum  demand  for  energy  acceleration  is  exact  1  v 
proportional  to  the  weight  of  the  train.  The  capital  expendi- 
ture in  small  or  medium  systems  does  not  decrease  directly  ；卜 
the  weight  of  the  train,  but  is  affected  by  the  ratio  of  the 
maximum  load  to  the  mean  load.  After  a  certain  point  tin- 
capital  expenditure  per  ton  of  train  will  decrease  owing  to 
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Fig.  2— Ttpical  Curves  showing  Enkrgy  Losses. 

the  reduced  cost  per  kilowatt  of  the  power  house  and  sub- 
stations, but  not  sufficiently  to  affect  in  any  marked  way  the 
arguments  advanced  in  this  paper.  In  a  plant  supplving  an 
infinite  number  of  trains  the  maximum  and  mean  loads  would 
be  the  same,  and  in  a  plant  supplying  only  one  train  the  ratio 
would  be  approximately  three  to  one.  An  average  plant 
carries  about  50  per  cent,  overload  momentarily,  and  conse- 
quently the  cost  of  the  turbines,  generators,  rotary  converters, 
and  transformers  will  be  more  than  increased  proportionately 
to  the  weight  in  any  system  carrying  less  than  about  14  trains, 
as  shown  in  Fig.  4.  Hence  the  smaller  the  system  and  the 
severer  the  schedule  the  more  important  is  the  weight  of 
the  train. 

In  designing  cars  to  give  a 】naximinn  seating  capacity  for 
a  minimum  weight  a  careful  investigation  of  the  maximum 
possible  width  is  the  first  essential,  because  extra  seats  can 
be  given  by  extra  width  with  a  smaller  increase  in  weight 
rather  than  by  extra  length  :  in  many  cases  extensive  slewing 
of  tracks  will  be  justifiable  if  practicable  where  structural 
alterations  to  the  platform  are  not  too  expensive,  or  wher<» 
tunnels  do  not  prohibit  this.  The  length  of  the  coacli  will 
be  deterniincd  by  the  throw  of  the  coach,  the  versed  sine  of 
the  worst  curves  on  which  trains  will  pass  each  other,  and  the 
miuiinuni  width  between  the  tracks  at  that  point.  With 
corridor  coaches,  or  side-door  coaches  with  doors  opening 
inwards,  or  sliding  doors,  a  very  small  clearance  can  l>e 
adopted  with  safety.  The  ventilation  of  tlie  cars  has  con- 
siderable influence  on  the  energy  consumption  of  the  coaches, 
because  the  heating  load  becomes  very  appreciable  in  cold 
weather.  On  interurban  railways  in  the  English  climate  it 
may  be  estimated  that  there  will  be  at  least  an  increase  of 
9  per  cent,  in  the  load  in  the  winter  months  due  to  heating 
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only.  It  is  most  important  to  secure  a  mininmm  weight  for 
the  beating  equipment,  and  it  would  pay  so  to  arrange  it 
that  it  could  be  entirely  removed  when  not  required . 

Having  decided  on  the  maximum  length  and  width  per- 
missible for  the  body,  it  is  important  to  consider  further  the 
directions  in  which  weight  can  be  saved  in  this  part  of  the 
coach,  as  this  has  a  very  direct  influence  on  the  total  weight . 
A  light  body  with  weights  distributed  to  the  best  advantage 
permits  the  use  of  a  lighter  underframe,  and  this  in  its  turn 
reduces  the  rated  horse-power  of  the  motors  for  a  given 
schedule.  The  reduction  in  the  rated  horse-power  of  the 
motors  permits  of  lighter  bogie  scantlings,  and  also  in  many 
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Fig.  3.— Cuhve  showing  Percentage  of  Enehgy  used  fok 
Acceleration  fok  Kuns  of  Half-mile  and  Upwards. 

cases  of  a  lighter  design  of  control  apparatus.  The  influence 
of  the  weight  of  the  body  is  therefore  progressive  throughout 
the  whole  car,  and  for  every  ton  of  weight  saved  in  the  body 
it  is  probable  that  another  ton  can  be  saved  in  the  bogies 
and  motors.  Very  little  difference  is  made  in  the  weight  by 
the  use  of  any  material  other  than  wood  for  the  roof  sticks 
and  pillars.  It  would  appear  that  there  is  little  object  iu 
using  steel  for  the  pillars,  as  some  of  the  Australian  hard 
woods  are  practically  as  non-inflammable  as  metal,  when  the 
scantlings  used  are  not  too  small.  For  the  actual  outside 
roof  ，  wood,  steel,  or  aluminium  can  be  used.  There  is  practi- 
cally no  difference  between  the  weight  of  the  roofing  in  a 
wood  or  aluminium  roof,  but  approximately  half  a  ton  in 
weight  can  be  saved  on  a  60ft.  car  by  the  use  of  an  aluminium 
roof  instead  of  a  steel  roof.  Aluminium,  in  addition  to  its 
extremely  light  weight,  has  the  advantage  of  being  non- 
corrodible,  and  therefore  requires  very  much  less  painting 
than  either  steel  or  wood.  The  main  difficulty  that  has  been 
encountered  by  the  use  of  aluminium  is  the  erosion  of  the 
holes  where  screws  or  nails  are  put  through  the  plates  to 
secure  them.  If  the  coach,  however,  is  properly  constructed 
and  the  movement  of  the  structure  is  not  too  great,  this  is 
not  of  much  consequence.  By  the  use  of  aluminium  for  the 
outside  panels  a  saving  of  nearly  half  a  ton  can  again  be 
effected  as  compared  with  steel.  The  comparative  weights 
and  cost  of  various  panelling  materials  are  as  follows  :  ~~ 

42(5  aq.  ft.  steel  panelling  18  W.G.  at  l"951bs. 

per  sq.  ft.    …        ...        ...        ...  … 

42(5  sq.  ft.  bay  wood  panelling  fin.  thick  at 

lib.  per  sq.  ft.        ...        .  .        ...  ••• 

420  sq.  ft.  aluminium  panelling  10  AV.G.  at 

0*88lb.  per  sq.  ft  

42G  sq.  ft.  4- ply  panelling  ^in.  thick  at 

l'OOlbs.  per  sq.  ft.  ...        ...        ...  ... 

The  weight  of  the  glass  in  a  modern 
siderable  item,  amounting  to  7  cwts.，  or 

weight  of  the  whole  coach.  Wood  has  very  commonly  been 
used  in  the  construction  of  the  floor.  It  would  seem  probable 
that  the  floor  of  the  future  would  consist  of  corrugated 
aluminium  plates  filled  in  with  some  form  of  composition, 
such  as  treated  cork,  to  a  sufficient  depth  to  cover  the  crests 
of  the  corrugations  by  about  ^in.  The  design  of  the  under- 
frame  depends  largely  upon  the  weight  of  the  body  and  upon 
the  size  of  the  motors  and  the  motor  bogies.  It  is  very 
important  that  the  motors  should  not  be  so  large  as  to  come 
up  within  the  framing  of  the  motor-car,  as  it  then  becomes 
very  difficult  to  introduce  the  necessary  diagonal  bracing  in 
the  vicinity  of  the  bogie  centre.  If  this  diagonal  bracing  ■ 
to  be  omitted  the  sole  bars  have  to  be  made  of  a  correspond- 
ingly thicker  section,  thus  increasing  the  weight.  Up  to  now 
the  use  of  a  liigh-tensile  steel  has  not  beeu  sufficiently  con- 


sidered in  the  construction  of  underframes  ；  such  steels  have 
been  extensively  used  in  motor-car  construction  and  in  bridge 
Imilding.  So  far  as  the  author  is  aware  tbey  have  not  been 
applied  to  electric  rolling  stock .  The  usual  structural  steel 
is  that  which  complies  with  the  British  Standard  Specification 
No.  17a,  having  a  breaking  strength  of  28  to  32  tons  per 
square  inch,  with  an  elongation  of  not  less  than  20  per  cent. 
The  relative  strengths  of  this  steel  and  two  alloy  steels  used 
at  present  in  motor-car  construction,  but  equally  available 
for  electric  rolling  stock,  are  as  follows  : — 


coach  is  a  very  con- 
L'4  per  cent,  of  the 


Steel. 

Maxiumin 
Stress. 
Tons 
per  sq.  in. 

Elastic 
Limit. 
Tons 
per  sq.  in. 

Klon^ation 

on  2in. 
Per  cent. 

Kerlnction 
of  Area. 
Per  cent. 

Nickel*  3%,  C  0*2%  ... 

30 

19 

31 

31 

Vanadium  0'27%，  C  0'2% 

44 

33 

19 

41 

British  Standard  Specifica- 
tion for  carriage  under- 
iiame     ...       ...  ... 

30 

14 

20 

50 

*  Kolled  plate. 

These  steels  are  nearly  twice  as  strong  as  a  steel  usually 
employed  to-day,  and  in  consequence  the  scantlings  can  be 
reduced  by  at  least  25  per  cent,  in  area,  with  a  corresponding 
reduction  in  weight.  The  weight  of  an  underframe  for  a 
60ft.  trailer  coach  is  approximately  5  tons.  Nearly  a  ton  of 
this  weight  might  be  saved  by  the  use  of  suitable  material. 
It  is  recognised  that  alloy  steels  are  more  expensive  and  are 
slightly  more  difficult  to  roll,  but  there  should  not  be  more 
than  100  per  cent,  increase  in  cost  per  ton  of  material,  while 
the  labour  involved  in  erection  would  of  course  be  less.  As 
the  first  cost  of  underframe  material  is  low  and  will  never 
exceed  more  than  £7.  10s.  per  ton,  any  saving  in  weight  made 
by  the  use  of  more  expensive  material  will  easily  pay  for 
itself. 

The  disposition  of  the  weights  of  the  apparatus  attached 
to  the  underframe  has  a  considerable  effect  on  its  design  ； 
and  the  weight  per  foot-run,  and  the  brake,  resistances,  and 
control  apparatus  of  the  motor-cars  should  be  distributed  as 
far  as  possible  along  the  length  of  the  body,  even  if  it  involves 
some  slight  increase  in  the  cost  of  cabling.  In  order  further 
to  reduce  the  weight  of  the  body,  the  use  of  aluminium  cable 
should  be  considered,  though  the  difficulty  in  jointing  intro- 
duces a  serious  fire  risk,  and  in  many  cases  renders  its  use 
inadvisable  ；  and  in  connection  with  the  contactors,  wherever 
it  is  possible  to  use  bar  connections  aluminium  bar  should  be 
used  rather  than  copper,  and  wherever  castings  are  subjected 
to  light  stresses  aluminium  castings  should  be  used. 

The  bogies  generally  may  be  divided  into  two  broad 
classes,  those  arranged  with  equalising  beams  between  the 
axles,  and  those  built  on  the  lines  of  the  ordinary  English 
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Fl<i.  4.— INI'LUKNCE  OF  NUMBEll  OF  TllAlNS  UPON  CAPITAL  COM. 

carriage  bogie.  The  equalising  type  of  bogie  is  always  the 
heaviest  type,  and  is  quite  unsuitable  for  English  railways 
with  their  excellent  permanent  way.  The  ordinary  type  of 
bogie  used  for  carriages  on  the  steam  railways  of  this  country 
may  be  built  with  elliptical  or  spiral  bolster  springs,  either 
outside  or  inside  the  wheels.  There  is  a  considerable  advan- 
tage in  putting  the  springs  inside  the  frames,  as  this  enables 
the  bolster  to  be  made  wider  and  the  bolster  spring  to  be  put 
farther  away  from  the  centre  pin  of  the  bogie,  thus  tending 
to  diminish  rolling.  There  is  a  considerable  saving  by  using 
spiral  bolster  springs  instead  of  elliptical  bolster  springs  ； 
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nearly  0.75  ion  per  coach  can  be  saved  in  this  way.    In  the 
author  s  experience  elliptical  l)olsior  springs  are  quite  un 
necessary  for  the  purpose  of  steady  riding.     Tlie  best  results 
are  obtained  l)y  having  short,  stiff,  semi-elliptical  springs  over 
the  axle  boxes  with  assistant  helical  springs  at  their  ends. 

The  wide  frame  involves  an  increase  in  weight  ；  \>ui  on 
account  of  the  steadier  riding  obtained  by  the  wider  centres 
of  the  bolster  springs  it  is  worth  lia.vin^.  Cast  iron  is  very 
usually  used  for  axle  boxes,  but  cast-steel  axle  l>oxes  ； likI 
cast-steel  axle  box  slides  will  enable  the  weight  of  these  parts 
to  be  reduced  by  22  per  cent. 

In  connection  with  the  weight  it  is  very  important  to 
consider  the  arrangemetit  of  brake  It  is  v('rv  usual  in 

modern  designs  t,o  arrange  for  Wocks  to  press  on  either  side  of 
the  wheels  witli  a  view  to  eliminating  the  stresses  due  to  a 
one-sided  application  of  the  brake.  The  double  brake  block 
arrangement  involves,  however,  a  very  considerable  increase 
in  weight,  amounting  to  nearly  one  ion  per  coach.  Tlie 
increased  stresses,  however,  will  mean  increased  diameter  of 
the  axles,  increased  bosses  on  the  wheels,  and  an  increase  in 
t.he  size  of  the  motor  liousiiigs,  wliicli  will  amount  to  a  greater 
weight  than  that  saved  by  the  single  brake  block 
arrangement. 


HALLS  FURNACE  FOK  MELTING  METALS. 

The  accompanying  illustration  shows  a  sectional  view  of  a 
furnace  adapted  for  the  melting  of  used  metal,  cleansing  it 
and  casting  it  into  ingots,  the  invention  of  Mr.  Isaiah  Hall, 
Exchange  Buildings,  New  Street,  Birmingham.     To  minimise 


C, 


Hall's  JIktal-mklting  Fuiinace. 

oxidation  of  the  surface  of  the  molten  metal  the  combus- 
tion chamber  arranged  beneath  the  melting  pot  is  connected 
to  the  space  above  the  melting  pot  by  pipes  so  arranged  in 
combination  with  a  flue  that  the  products  of  combustion  are 
passed  continually  over  the  whole  surface  of  the  molten  metal 
in  the  pot.  Referring  to  the  cut,  the  melting  pot  A  is  sup- 
ported upon  the  casing  B，  completely  enclosing  the  upper 
end  so  as  to  form  a  chamber  in  which  is  disposed  the  gas 
burner  C.  Over  the  melting  pot  is  disposed  the  dome-shaped 
cover  D  forming  a  second  chamber  above  the  surface  of  the 
metal.  The  metal  is  charged  through  a  door  disposed  in 
this  cover  D,  and  there  is  also  an  arm  F  arranged  to  regulate 
the  flow  of  the  molten  metal  to  the  pouring  spout  G.  Con- 
necting pipes  H  are  shown  leading  from  the  chamber  in 
which  the  gas  burner  is  located  to  the  chamber  above  the  pot, 
the  flue  J  being  disposed  at  still  another  point  upon  Hie 
cover,  both  the  pipes  H  and  flue  J  being  disposed  close  above 
the  surface  of  the  molten  metal  at  equal  intervals  around  its 
periphery.  In  this  manner  products  of  combustion  are 
passed  into  the  periphery  of  the  pot  and  drawn  over  tlie 
surface  of  the  molten  metal  on  their  way  to  the  flue,  and  any 
air  which  passes  into  the  chamber  will  either  be  drawn  direct 
to  the  flue  or  will  forTii  an  inconsiderable  proportion  of  tin* 
total  quantity  of  gas  in  contact  with  the  surface  of  the  me'lal. 


ELECTRIC  BATTERY  VEHICLES. 

Tu hi  iinportance  to  Hie  central  station  the*  load  to  Ijl 
ol)tained  by  a  general  use  of  electric  vehicles  can  hardly  hti 
over-rated.  It  is  in  practically  all  cases  an  "  ofr  peak  "  load  : 
and  as  it  will  in  nearly  all  cases  come  on  during  tlie  n  i ^ 1 1 1 , 
when  the  majority  of  the  other  coiisuiners  have  ceased  to 
make  any  demand  on  the  supply,  it  will  have  a  tendency  to 
ilatten  out  the  generating  station  load  curve  in  a  mo-t 
favourable  manner.  Every  central-station  engineer  know- 
the  beneficial  effect  that  such  an  improvement  in  the  station 
load  factor  will  have  upon  the  cost  of  generation,  rendering 
it  possible  to  reduce  the  selling  price  to  all  consumers,  and, 
by  the  increased  demand  thereby  created,  greatly  Ijciiefitin^ 
tne  electrical  industry  generally.  Little  wonder,  there! me, 
that  the  central-station  engineer,  now  fully  卞 r，''  mtiiig  these 
possibilities,  is  keen  on  doing  all  that  he  can  to  popularise 
the  electric  vehicle  and  to  facilitate  its  adoption.  At  tlie 
moment,  the  most  promising  opening  for  the  electric  vehicle 
appears  to  lie  in  its  use  for  commercial  purposes;  but  it  is 
by  no  means  improbable  that  the  passenger-carrying  vehicle, 
wiiether  for  business  or  pleasure  purposes,  will  not  eveutually 
be  considered  from  the  central-station  point  of  view  almost  as 
important  as  the  commercial  type  of  vehicle. 

One  frequently  meets  people ― some  of  whom,  unfor- 
tunately, are  engineers 一 wiio,  at  the  mere  mention  of  an 
eiectncally-driven  vehicle  deriving  its  energy  from  a  storage 
battery 3  grow  sceptical,  openly  expressing  tneir  doubts  as  to 
the  possioility  ot  such  a  method  of  road  traction  ever  prov- 
ing commercially  successful.  They  apparently  base  their 
opinions  upon  the  failures  of  past  years.  It  cannot  be  too 
strongly  emphasized,  however,  that  the  electric  vehicle  oi 
to-day  is  not  to  be  judged  by  the  experiences  of  even  a  few 
years  ago  in  this  country.  Since  that  time  great  advances 
nave  been  made  in  storage  battery  construction,  the  design 
of  the  motors  for  electric  vehicles  has  been  improved,  ball 
and  roller  bearings  have  been  brought  to  a  high  pitch  of  per- 
fection, chassis  construction  has  been  lightened,  and  better 
and  more  efficient  rubber  tyres  can  be  obtained.  For  the 
improvements  in  the  latter  three  items,  the  electric  vehicle 
owes  much  to  the  wonderful  evolution  of  the  petrol  car  iu 
the  past  few  years. 

The  proper  sphere  of  utility  for  the  electric  vehicle  at 
the  present  time  is  undoubtedly  in  inter-urban  aud  suburban 
districts  where  its  mileage  limit  per  charge  is  not  a  drawback. 
The  passenger-carrying  vehicles  and  the  lighter  pattern  of 
commercial  vehicles  are  generally  capable  of  doing  from  50  to 
60  miles  per  charge,  and  it  will  be  found  that  in  most  cases 
this  covers  the  daily  requirements  for  work  in  such  districts 
as  those  mentioned.  By  a  boosting  charge  during  the  driver's 
dinner-hour,  the  daily  mileage  capacity  may  be  appreciably 
increased.  The  utility  of  the  electric  vehicle  in  inter-urban 
and  suburban  areas  is  amply  demonstrated  by  the  number  of 
vehicles  in  daily  use  in  the  United  States  alone.  At  the 
present  time  there  are  over  37,000  electric  vehicles  in  use 
m  that  country,  of  which  more  than  half  are  passeuger- 
carrying  machines  used  for  business  or  pleesu re  purposes. 
There  are  said  to  be  about  40  firms  engaged  iu  censtructing 
these  vehicles  in  America,  and  the  number  of  such  vehicles 
is  increasing  at  a  rapid  rate.  Iu  certain  cities  ou  tlie 
European  Continent,  also,  this  type  of  automobile  is  rapidlv 
coming  iuto  general  use,  aud  hundreds  are  already  ninnini: 
and  giving  satisfactory  and  economical  service. 

If  we  have  to  admit  that  there  are  limits  to  the  scope 
of  usefulness  of  the  electric  vehicle  ；  if  we  】iave  to  concede 
to  the  petrol  vehicle,  as  we  certainly  must,  some  of  the 
merits  that  it  is  known  to  possess  ；  if  we  must  agree  that 
there  are  certain  fields  that  the  latter  will  probably  con- 
tinue for  some  time  to  hold  as  pre-eininentlv  its  own  :  it  i> 
nevertheless  true  that  within  its  own  legitimate  sphere  the 
electric  vehicle  can  show  a  degree  of  economy,  aud  a  record 
for  reliability,  with  which  no  other  existing  type  of  vehicle 
can  hope  to  compete.      We  shall,  I  think,   be   wise   if  we 

*  Abstract  of  discussion  by  F.  Aytou  bclorc  tbc  Iu^titution  of  Electrical  En^i- 
neors,  Mtuxh  lUth,  1911. 
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frankly  admit  the  probability  that  each  type  of  vehicle  will 
have  its  own  distinctive  field  of  use  in  wliich  it  will  prove, 
on  the  score  of  suitability  and  economy,  practically  uiiHssail- 
able.  .  • 

In  spite  of  the  fact  that  it  has  to  provide  and  niaiiitaiii 
its  own  roadway,  and  that  this  accounts  for  by  far  the  greater 
jmrt  of  the  total  capital  expenditure,  the  average  cost  of 
operating  electric  tramcars  in  this  country  indicates  that  this 
method  of  transit  is  still  the  cheapest  where  the  traffic  to  be 
catered  for  warrants  the  outlay.  The  trolley  omnibus,  again, 
has  proved  a  cheaper  means  of  conveyance  than  the  petrol 
onuiibus,  in  spite  of  having  to  bear  the  additional  capital 
charges  of  the  trolley  line  and  feeders.  Both  these  examples 
are  only  instances,  out  of  many,  showing  that  when  electric 
d riving  can  be  suitably  applied  and  combined  with  the  supply 
of  electrical  energy  from  a  central  station,  the  results  as 
regards  convenience,  economy,  and  reliability  are  incom- 
parably superior  to  those  of  the  small  independent  power 
plant. 

The  electric  battery  vehicle  is  oi】】y  another  instance  of 
the  same  kind.  It  also  draws  its  energy  from  the  central 
station ― not  continuously,  I  agree,  but  it  is  able  to  take  it 
at  times  which  are  very  convenient  to  the  supplier,  and  under 
conditions  that  properly  allow  of  a  low  price  per  unit  being 
charged.  There  is  certainly  a  loss  in  charging  and  storage, 
but  in  comparison  with  the  electric  tramcar  and  the  trolley 
omnibus,  this  loss  can  to  some  extent  be  set  off  against  the 
loss  in  transmission  connected  with  the  two  latter  systems. 
I  think  that  these  analogies,  together  with  the  well-known 
simplicity  of  the  electric  vehicle,  its  freedom  from  vibration, 
and  the  consequent  lessened  wear  and  tear,  will  go  far  to 
explain  and  make  clear  to  the  layman  the  reason  why  it 
proves  in  actual  service  to  be  so  economical  and  reliable. 

It  is  in  the  displacement  of  the  horse  that  the  real 
economic  future  of  the  electric  vehicle  lies.  For  haulage 
purposes  in  cities  and  large  towns  the  days  of  the  horse  are 
numbered.  The  congested  state  of  our  thoroughfares  de- 
mands his  removal,  and  upon  the  basis  of  operating  costs, 
the  electric  vehicle  is  the  only  type  of  power-driven  machine 
that  can  take  his  place.  The  relief  of  the  traffic  congestion 
in  the  main  streets  of  our  large  cities  and  towns  is  well 
known  to  be  an  acute  and  pressing  question.  There  is 
naturally  a  limit  to  the  number  of  vehicles  that  can  be 
accommodated  in  any  street  ；  and  in  very  many  cases  that 
limit  has  already  been  reached.  What  is  to  be  done  ？  A 
general  widening  of  main  thoroughfares  is  economically  out 
of  the  question.  More  efficient  use  must  be  made  of  the 
present  street  area.  One  obvious  method  of  obtaining 
relief,  then,  is  to  bar  horse  haulage  entirely.  A  pair  of 
horses  and  a  large  van  take  up  nearly  double  the  street 
area  required  for  an  average  motor  vehicle  of  the  same 
capacity,  and  for  equal  carrying  capacity  the  electric  vehicle, 
by  reason  of  the  simplicity  and  compactness  of  its  mechanism, 
takes  up  the  least  space  of  any. 

Considerable  further  relief  of  the  congestion  would  follow 
from  the  fact  that  a  good  commercial  motor  vehicle  can  do 
in  the  same  time  more  than  twice  the  amount  of  work  of 
two  double-horse  teams  in  city  service.  If  we  consider  for 
a  moment  the  enormous  delays  that  are  at  present  taking 
place  in  the  delivery  of  merchandise  in  our  cities,  and  also 
the  cost  of  these  delays,  which  ultimately  resolves  itself  into 
a  tax  upon  the  consumer,  we  can  easily  realise  the  immense 
saving  that  would  accrue  to  the  business  community  by  the 
wholesale  adoption  of  motor  transport  for  city  service.  But 
the  already  extensive  adoption  of  the  petrol  type  of  commer- 
cial vehicle  for  this  purpose  has  brought  in  its  train  condi- 
tions which,  I  suppose,  nobody  will  deny  have  not  added  to 
the  amenities  of  city  life.  The  noise  and  smell  from  that 
class  of  vehicle  have  frequently  been  the  cause  of  bitter 
coinjjlaiiit.  Both  these  disagreeable  features  are,  of  course, 
absent  from  the  electric  vehicle,  and  for  this  reason  alone  it 
should  assuredly  commend  itself  for  universal  adoption  in 
large  cities  and  towns. 

The  position  of  the  electric  vehicle  can  hardly  be  con- 
sidered apart  from  methods  of  charging  its  battery.  With 
the  batteries  at  present  fitted,  the  impressed  voltage  required 
towards  the  end  of  the  charge  is  in  the  neighbourhood'  of 


110  volts  to  120  volts.  .Since  the  su]>ply  pressu res  in  use 
are  generally  above  200  volts,  it  follows  that  in  most  cases 
the  charging  must  be  done  through  tlie  medium  of  some 
pressu  re- reducing  apparatus.  If  t  lie  us,'  of  Hie  electrio  vehicle 
is  to  reach  the  proportions  that  we  so  ardently  desire,  it  is 
essential  that  the  charging  operation  should  be  made  as  simple 
as  possible  ；  in  fact,  it  should  be  made ― as  it  can  be  made ― 
practically  automatic.  It  therefore  remains  for  the  central 
station  authorities  and  the  manufacturers  to  see  that  reliable 
automatic  apparatus  is  provided.  It  should  be  so  con- 
structed that  when  the  correct  terminal  voltage  for  the  whole 
battery  (which  is  a  good  approximate  indication  of  the  bat- 
tery's condition)  has  been  reached,  the  motor-generator  is 
automatically  shut  down.  It  is  of  great  importance  that 
vehicles  should  be  able  to  run  into  any  place  where  charging 
facilities  are  provided,  and  get  connected  up  with  ease.  This 
points  to  the  necessity  of  standard  charging  receptacles  and 
plugs. 

I  propose  to  conclude  these  very  general  remarks  by 
touching  upon  the  work  that  is  necessary  in  order  to  bring 
the  uses  and  advantages  of  the  electric  vehicle  before  the 
general  public.  At  the  outset  I  would  say  that  in  my 
opinion  we  cannot  look  for  much  assistance  at  the  present 
time  from  existing  motor  traders  and  garage  proprietors. 
They  are  in  possession  of  an  established  business  in  connec- 
tion with  the  petrol  vehicle,  at  which  no  doubt  they  are 
making  good  profits.  They  do  not  want  that  business  inter- 
fered with,  and  they  may  have  grave  doubts  as  to  the  utility 
of  the  electric  vehicle.  As  to  its  mechanism,  its  merits,  and 
its  economy,  they  are  profoundly  ignorant.  They  will  only 
wake  up  to  its  possibilities  when  they  see  a  created  business 
around  them  and  find  a  reduction  in  the  sales  of  the  petrol 
vehicle.  In  the  meantime,  then,  the  pioneer  work  lias  to  be 
done,  and  it  behoves  the  electricity  supply  authorities,  as 
those  who  are  going  to  benefit  most  by  the  extension  of  the 
use  of  the  electric  vehicle,  to  work  hand  in  hand  witli  the 
manufacturers  and  to  carry  on  an  active  propaganda  for 
advertising  the  electric  vehicle. 

We  have  got  to  educate  the  public  and  also  those  in  charge 
of  garages.  We  must  show  them  that  because  the  vehicle  is 
electric  it  is  by  no  means  complicated  ；  in  fact,  it  is  by  far 
the  simplest  and  most  sturdily  constructed  power-propelled 
vehicle  at  present  on  the  road.  We  must  advertise  all  its 
other  good  qualities,  its  ease  of  driving,  its  all-round  economy, 
and  its  reliability.  I  believe  that  the  story  of  electric  vehicle 
progress  in  Great  Britain,  as  it  will  be  told  a  few  years  hence, 
will  be  such  as  to  constitute  a  complete  rebuke  to  present-day 
sceptics.  I  believe  it  will  be  a  story  of  splendid  progress, 
a  record  of  fiiie  achievement. 


The  Junior  Institution  of  Engineers  ：   Sheffield  Branch.— The 

first  meeting  of  the  Sheffield  and  District  Section  of  the 
Junior  Institution  of  Engineers  was  held  in  Sheffield  on 
March  27tli，  when  Mr.  J.  R.  Williams  read  a  paper  on  "  The 
Balancing  and  Torque  of  Reciprocating  Engines."  The 
following  officers  were  elected  for  the  ensuing  year  :  President, 
Mr.  J.  Little,  M.I.M.E.  ；  chairman,  Mr/  Thomas  Firth  ； 
vice-chairman,  Mr.  F.  W.  Mellows. 

Manchester  Association  of  Engineers.  ― The  annual  general 
meeting  of  the  above  association  was  held  on  Saturday  last, 
the  chair  being  taken  by  Dr.  Edward  Hopkinson,  President 
of  the  Association.  The  Secretary  submitted  the  annual 
report  of  the  Council  for  the  year  ending  December  31st, 
1913，  from  which  it  appeared  that  the  number  of  members 
on  the  roll  amounted  to  646,  and  that  the  surplus  of  receipts 
over  expenditure  for  the  year  was  £251 .  3s.  9d.,  the  net  cash 
))alan'ce  standing  to  the  credit  of  the  association  being 
£6,547.  5s.  7d.  Mr.  Edward  G.  Hiller,  the  Chief  Engineer  of 
the  National  Boiler  and  General  Insurance  Company,  Ltd.,  of 
Manchester,  was  elected  president  for  the  ensuing  year,  and 
Mr.  William  Fox,  the  Chief  Mechanical  Engineer  of  the  Man- 
chester Ship  Canal,  was  appointed  a  trustee  ex  the  late  Sir 
William  H.  Bailey.  After  a  few  remarks  from  the  President 
(Dr.  Hopkinson)  upon  the  increasing  prosperity  and  progress 
of  the  association,  an  exhaustive  paper  was  read  by  Mr.  J.  C. 
Maxwell  Garnett,  M.A.,  Principal  of  the  Manchester  School 
of  Technology,  on  "  The  Education  of  Engineers/' 
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INDUSTRIAL  AND  TRADE  NOTES. 

Oil-storage  Tanks  at  Capetown. ―  Operations  are  ]noco(Mlin^  at  tin* 
Capptm 、！ l  (locl^s  for  tlip  <、n'('tioii  ol  tlu','"  larg"  sh'('l  1  ;i nks  lor  t ho 
storage  of  oil.    Tho  tanks  will  coiitaiii  1，"（）（»  tons  of  <»il,  :m'l 

U"'  total  r;)p:icity  of  t'lic  Uiroo  will  I"'  L'/iHK^HM)  gallons  oi'  li<iuid 
i  nol.  Tho  oil  will  ho  <l('liv<"v(l  to  sliips  by  mo;nis  ol  n .  stocl 
pijniiir  laid  bonoath  tho  ((iiay  surface,  and  will  also  1"、  availiiMo  tor 
mi'm"''iT'Uiriiig  and  otluM*  purposes. 

Observance  Tests  on  Railways. ― Two  million  sui'i»rise  t^sts  were  made 
(luring  191-']  by  tlio  lVnusylvaniji  K  K.  in  ； iscci'tainin^;  tlui  '山 st'i 
VMiic*1  of  train-safety  rules.    Tho  aver;) ；^、  rt'.、iil(  u  ;»s  st nd 

observance.  Out  of  •">(>, t<ists  ol'  signals,  ！)" ■  I  p,'r  cent .  slmu  cd 
pel  iVct  <>l)S(M'va mc^  hy  employes.  01  kJ , 7( caution  si^tuils,  only  8 
cases  of  disregard  were  found.  Some  16,000  tests  \、（'n'  mad"  ior 
fiag-signal  observance  !>y  ("igiii(、m("i  and  on lv  II  casos  in^li 
gence  were  noted.  Tlit、  l:i'3,()。（）  observations  on  hand  I  in  jj;  cxplo 
sives  ami  inM ;ninn<ihl^s  showed  1.V2  infractions  ol'  nilt's.  < *n lv  1^ 
derelictions  、vt>n、  found  in  1^7,17-")  ca scs  of  tests  to  asccrt  iww 
whethor  tnims  were  Iciivinjj;  or  arriving  ； iliciul  oi'  time. 

German  Steel  Production.-  -  According  to  the  annual  statist  ，（、 
}>uhlislie(l  by  tin1  Vt、n、in  DeutschtM*  Kiscn  imd  Stahl  Tiulustrirlh'r 
there  were  in  ("x'ratimi  in  (Jormaiiy   in    1  ！ M.'t  s1(m>I  making 

plants,  of  which  28  were  producing  luisic  Ucsseinor  ingots  ；  tliivc, 
aoid-Bessemer  ingots  ；  75,  basic  open  heal  th  ingots;  14,  acid  ojxmi 
hearth  ingots;  49，  basio-8t<Mil  custin^s  ；  3"'  acid  steel  castings;  I'd, 
rriifible  steel  ；  and  15,  electric  furtiacc1  st(、（".  In  1912  there  were 
249  steel-making  plants  in  operation.  The  total  production  in 
1913  was  18,958,819  metric  tons,  comprising  535,293  tons  of  acid 
steel,  18,222,598  tons  of  basic  steel,  1H),173  tons  of  crucible  s"m'I, 
and  101,755  tons  of  electric  steel.  In  every  case  the  figures  show 
an  increase  over  the  production  in  1912,  the  total  for  which 
amounted  to  17,301 ,998  metric  tons. 

Electrical  Development  in  Japan. ― According  to  the  local  press  the 
last  eight  years  have  witnessed  a  great  development  in  the 
Japanese  electrical  industry.  During  this  period  the  capital 
invested  in  electrical  supply  undertakings  and  electric  railways 
increased  from  £2,858,000  in  1903  to  £47,163,000  in  1911.  During 
this  same  period  the  total  electric  power  for  which  sanction  had 
been  given  rose  from  44,000  kw.  to  844,000  k w . ,  the  length  of 
transmission  lines  increased  from  o,981  to  33,584  miles,  the 
length  of  electric  railways  grew  from  93  miles  to  704  miles,  whilst 
the  total  power  of  electric  motors  installed  rose  from  3,()0()  k、v. 
to  33,000  kw.  This  rapid  development  in  all  directions  caused  a 
great  increase  in  the  demand  for  all  kinds  of  electrical  machinery, 
tools,  and  materials,  and  various  factories  were  accordingly  set  up 
in  Japan.  The  native  works  do  not,  however,  make  much  more 
than  motors,  transformers,  and  switchboards. 

Trade  Circulars. ― We  have  received  from  Messrs.  S.  H.  Hey  wood  and 
Co.,  Ltd.,  Reddish,  near  Stockport,  an  exhaustive  illustrated 
rataloj^uo  showing  various  installations  of  their  electric  transporter 
cranes,  a  type  of  hoisting  apparatus  that  is  now  becoming  exten- 
sively ； ippli^d  in  engineering  and  other  works,  m here  rapid  and 
quick  transport  of  materials  is  required  without  interfering  with 
ground  space.  The  illustrations  show  how  advantageously  this 
nietliod  may  he  applied,  and  we  commend  it  to  the  attention  of 
all  who  are  interested  in  the  lay-out  of  new  or  re-organisation  of 
old  plant.  The  Castolin  Company,  Clock  House,  Arundel  Street, 
Strand,  W.C.,  send  us  a  copy  of  a  new  handbook,  giving  a  number 
of  typical  illustrations  showing  the  application  of  their  auto- 
chemieal  welding  process.  These  clearly  indicate  the  wide  range  of 
repairs,  breakdowns,  and  defects  Avliich  may  l>e  remedied  by  their 
system.  Tlios.  Andrews  &  Co.,  Ltd.,  Hoyds  Works,  Sheffield,  sond 
us  price-lists  of  their  drills,  filos.  and  oold drawn  steel  bars. 

A  National  Bureau  of  Labour  Safety  in  the  United  States. — The  United 
States  (Jovorunient  lias  passtnl  a  Hill  cwati'i^;  a  Bmv:iu  of  Labour 
Safety  in  tlio  l)^])artnient  ol'  Lahom*.  The  Bill  pr'ividos  toe  a 
roimnissionor  of  labour  sa iVty  and  othor  tMnployt'-.^,  :ui<l  outlines 
the  duties  of  tho  Imroau  us  follow  s  ：  "To  liial"'  ^fiioral  and  spocui  I 
investigation  and  oxaniination  of  labour  sal'cty  plans  and  'l*'vi(vs 
ol  nil  kinds,  and  tlio  nood  tlioroi'or,  generally  and  spociiically.  m\<\ 
also  the  study  of  all  ]>liasos  of  the  subject  of  vocntitmal  dis'':iM'、 
and  to  make  p\iblio  tlio  ivs"lts  of  suoli  invt^stij^ntion ,  oxaniination, 
and  study  from  time  to  time ；  also,  to  ^atlu'r,  conipilt\  jtulilish, 
;m(l  supply  useful  iiitormation  concei'itin^;  tlio  iiso  of  l;"'"m.  sa  let  \ 
plans  and  devictvs  and  vocational  diseases  in  the  industiics  ot  tin1 
United  Stntcs  ami  clsou  Imm-o."  Tl"、  Bill  also  provides  t'、r  th(、  （、rc ('- 
tion  of  a  luiistMini  ol'  siiHicicnt  size  a nd  capacity,  i n  u  liicli  will  U' 
exhibited  approvtMi  devices  lor  tlio  safe  guard i  n^;  of  iii:".hii"、r、'. 
the  protection  of  enii)Ioyt;s  i.rom  iiijm'v,  tlui  It'wiiiig  (l:uiL','r 
ous  conditions  wliich  may  exist  in  any  industrial  enterprise,  A' c , 


Prospects  of  a  South  African  Mineral  Oil  Industry.  A  i''|",rt  on  i  )>>- 
petroleum  prospects  in  the  Cuion  of  South  A irica  has  pi f 

p:in'(l  l,.v  M  r.  I':.  1 1  -  Ctnniin^li;!)!!  ('rai 以， M  A  ,  K  ( ；  S . ,  、、  I"' 
been  carrying  out  investigations  on  lichali  ot  tl"'  Sontli  Airican 
Oovornmoiit.  This  states  tliat  tlu>  msiilts  of  thr  invosti^atinns 
si io\v  that  th(M*»  is  little  lilu'lilim'd  of  any  <\。h、m'  oil  Im-UIs  hoin^ 
fomid  anywlicn*  in  tl"'  Cnion.  As  regards  natural  ^us,  it  is 
stat(Hl  tliat  tlioro  ！ l was  in  tlic  f-oal  nic'isii r«*s  in  tl"'  'I'raiisv.ial 
and  Natal  where  it  can  1)0  stnuk  in  lair  quantity.  Suppli*  ,,i 
gas  undor  s'iffic""it  |>r<»ssiir*"  to  supply  distant  tm、  lis  arc  iiii|'r" 
file,  I, lit  tl"，  gas  may  possibly  l><»  usc<l  locally  at  a  profit  -  None 
of  tlio  s  ha  I  os  (examined,  with  the  exception  of  that  at  Kik\(irs<*li 
fontein,  are  comparaM*'  w  itli  tlio  l"'st  Scotch  sliiilcs,  I, 'it  tl"、 
laljoratory  tests  provo  that  very  fair  ((iiaiititios  oi  slialf  oil  r:m 
he  producofl.  'VUo  scains  ;ir('  iinlortunatf  ly  tliin  as  a  riil<»，  w  liicli 
will  greatly  increase  the  cost  ot  w  (n  km^.  Against  tliis  it  inn^t 
he  rcmcmhcrotl  that  tlie  demand  for  oils  in  South  Al  i  ica  i、  lar^*'. 
that  present  prices  are  very  liigli,  :m(l  tliat  InM^lit  (丄； w -、 
high  also.  Tims  a  shale  too  thin  to  fx*  worked  at  a  profit  in  many 
countries  might  prove  quite  profitable  in  South  At'rifra.  AH  tlx* 
evidence  to  hand  at  present  leads  to  tho  lx»Iicf  tliat  an  oil  slialc 
industry  has  good  prospects  of  proving  suc<-rs>t  u!.  ； nul  no  effort 
should  Ik>  spa  rod  to  ensure  that  a  fa  i  r  t<'st  is  ma(l,'  of  it、  |"'、mI,iIi 

The  Extension  of  Trade  Boards. ― The  Lc\t  ot  ;t  Kill  to  provide  !.. r 
mini":"!"  r;it<、s  of  、、ages  and  niaxinimn  hours  of  labour,  ati't  to 
re^ii late  t lie  conditions  of  lal>oiir,  prcstMited  \>y  Mr.  Barnes,  M . P. , 
and  supported  by  M  r.  Brace,  Mr.  (fill,  Air.  Snowden,  and  (； eoi 
Roberts,  was  issued  on  March  26th.  The  measure  provides  tliat 
tlie  Hoard  of  Trade  is  to  estahiish  one  or  more  Tra<l<»  Boards  in 
any  trade  in  、'、hi(，h，  in  the  opinion  of  the  Board  oi"  Trad*1,  tl"' 
usual  wages  of  an  adult  worker  of  either  sex  do  not  exceed  2os. 
a  week,  and  in  any  other  trade  in  w  liicli  tlie  cstalWishment  of  a 
Trade  Board  is  desired  hy  a  majority  of  the  persons  engaged, 
whether  as  employers  or  oniployos.  Such  'I'radc  Hoards  arc  to 
fix  niiiiiiiiimi  w  a^os,  and  may  also  fix  general  miiiiiniiiii  u  a^cs 
for  piece-work,  and  such  rates  may  be  fixed  so  as  to  apply  univer- 
sally to  the  trade  or  to  any  special  process  or  to  any  special  class 
of  workers  or  to  any  speci;il  ar  ea  in  that  trad*'.  Tlif  Hon  r<U  an* 
also  to  fix  the  miiiimum  hours  of  labour,  also  mealtimes  aiul 
holidays.  A  penalty  not  exceeding;  €20  and  n  ti'ie  of  to  for  each 
clay  the  ofienct*  is  conti  nurd  att"r  conviction  is  to  1m-  imposcl  on 
any  employer  who  docs  not  i>ay  w  a<j;os  according  to  the  minimimi 
rate  made  obligatory.  Boards  a  re  to  represent  employers  and 
employes  alike,  and  the  chairman  shall  1"'  mu-Ii  member  as  the 
Board  of  Trade  shall  appoint,  the  Board  also  appointing  the 
secretary.  A  Trade  Hoard  may  establish  district  t i;h1c  cfuninitt*'*'^ 
consisting  partly  of  its  own  members  and  partly  of  other  persons 
representing  employers  or  、vorkers  engaged  in  the  trade  and 
acting  for  such  area  as  the  Tradf  Mo;i rd  iii;iv  ilt'trrmiii''. 

Canadian  Mineral  Production. ― A  preliminary  report  on  mineral  pro- 
duction in  Canada  in  1913,  prepared  by  John  McLeish,  chief  of 
the  division  of  mineral  resources  and  statistics,  Department  of 
Mines,  Ottawa,  shows  a  total  value  of  production  in  the  year  of 
$144,031,047.  The  total  value  of  the  production  in  V.i\2  、、； i、 
$135,048,296.  Not  only  has  the  total  output  im  r<>;wl  from  a 
little  over  $10,000,000  in  1886  to  its  present  output.  I.ut  tl"' 
average  production  per  capita  has  iii('rt"i、,  'l  t imii  S'J.'J-'i  |',  r 
capita  to  $18.57,  or  eight  times  the  rate  shown  hy  the  first  record. 


1912. 

1913. 

t,)ii;ml  if  y. 

Value. 

Quantity. 

Value. 

Dollars. 

Dollars. 

 Lbs 

77.s:{2,127 

12?7ls.:»is 

11.7.">:i.440 

Cold     ■  ■  ■  ■ 

 Ozs. 

011,885 

12,<>48.7!)4 

784.：>2：. 

16,216,131 

*Pi«  iron  . . 

. .Not  ions 

7.J.508 

！ HMi,42*l 

Lead    . . . . 

 Lbs. 

1. ：>*»；.  ">.">4 

:n,*»(i2.7o:( 

Nickel  .... 

 Lbs. 

44.S41..")4l> 

l:i,4Wi:i 

U.*Mi:i. (»：{!> 

Silver  .... 

 Ozs. 

：(1. !».->->..•)(；(» 

l!),440Jli.*> 

:u.  了: i","lS 

IS.!»84,ori 

Ashostos  ami  asln'st  ir 

Tons 

1  ：{('». ：{0 1 

li.l.'iT.-JTH 

l,il.,»S" 

Coal  

Tons 

14,512,829 

-… Brls. 

243,336 

:u.'i,or>o 

228.080 

40*i,4:l，》 

♦From  Can<o<lian  ore. 

Tho  production  of  tlio  moro  ini]x>rtaiit  inotals  and  minorals  is 
shown  in  the  above  tal»ulato«l  statement,  in  u  liirh  the  figures 
a  ro  ^ivon  ior  tho  two  voa  is  1912  ami  HU.'J  in  romp:":"  i、、、  tor  in. 
Tlio  Doniinion  ol  Canada  does  not  includo  N*m\  louiMlland.  The 
prodiu'tioii  of  pig  iron  in  C'anaila  is  lar^oly  from  ore  imported 
f r  >m  New iounclland  aiul  the  I'liittnl  States,  and  such  pig  iron  is 
excluded  from  these  statistics. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  Wd.  Address 
" Mechanical  Emjiixcer^  53,  New  Bailey  Street ,  Manchester. 
MECHANICAL,  1913. 

Hotary  engines.    Clark.  3325. 

Tnternal-combustion  engines.    Constantinesco.  M4U7. 
Journal  bearings.    Parsons.  5019. 

Pumping  apparatus  for  tho  manutucture  of  tubes,  wires,  &c" 
of  indefiiiite  length  from  metals  or  alloys.  I)cl)iiujj;o. 

Welding  burner  with  oxygen  injector.  Worrin^tMi  A*  Eikar- 
Werkzeuge  Ges.  5723. 

Oxy-acetylene  blow-pdpes.    Roul)inowitcli.  o724. 

"Water-tube  boilers.    Van  Oosterwyck.  5812. 

Unloading  conveyers  for  ships.    Ovorton.  6038. 

Boiler-tube  cleaners.    Lunib.  6.065. 

Variable-speed  hydraulic  誦 ltiplyiiig  and  reducino;  apparatus. 
Soc.  Anon,  des  Ateliers  et  Chantiers  cle  la  Loire,  &  Tourreil. 
6076. 

Mounting   and    driving   of   livo-axles    of    motor   road  vehicles. 

Wolsoley    Tool    and    Motor    Car  Company,   Komiiigton  nnd 

Rowledge.  6117. 
Carburetters  for  internal-combustion  on^inos.    AVolch.  (;146. 
Preparation  of  finely  divided  metallic  copper.    Cniig,  and  Peter 

Spence  &  Sons,  Ltd.  61G1. 
Gas  producers.    Carretero.  OlMi'J. 
Spanners.    Oesterreicli.  63G8. 

Liquid  fuel  spraying  devices.    Ilabcook  &  "Wilcox,  Ltd.    (； 492. 
Apparatus  for   regulating  oompound    steam    onginos.  Schon. 
6569. 

Means  for  ascertaining  the  hardness  of  metals.    Rud.^  AVliilworth, 

Ltd.,  and  Heathcote.  6622. 
Motor  vehicles.    Alexander.  7256. 
Variable-speed  friction  gear.  I5*ill. 

Pneumatic   conveying;    apparatus.     Yates,    and    Alattliews  and 

Yates,  Ltd.  8311.  ― 
Carburetters  for  internal-combustion  engines.  Wilkinson.  8317. 
Notary  explosion  engines.    Bjarnov.  8468. 

Pressure  intensifying  apparatus  for  hydraulic  prossos  aiul  press 

tools.    Hele-Shaw,  Beacham,  &  Rickwcod. 
Steam  turbines.    Rockman.  8862. 

Induction  pipes  of  internal-combustion  engines.  Stubings,  nnd 
W.  H.  Dorman  &  Co.  9693. 

Centrifugal  pumping  apparatus.    Adams.  9721. 

Apparatus  for  storing  and  delivei  in^  inflammable  liquids.  Hoff- 
mann. 9883. 

Method  of  and  apparatus  for  holding  percussion  tools.  Hnas.  9923. 

Internal-combustion  engines.    Slavescu.  10916. 

Steam  injectors.    Gresham  &  Gi'esham.  11269. 

Multiple  spindle  drilling  machines.    Ash.  11331. 

Pressure  producing  means  for  use  in  measuring,  contrnlliiig,  and 

indicating  temperatures.    Steenbjerg.  11393. 
Explosion  motors.   Ruva.  11588. 

Device  for  use  in  charging  and  discharging  retorts  and  muffles. 

Von  Zelewski.  12120. 
Carburetters  for  internal-combustion   engines.     Hawxhurst  and 

Nioolai.  12204. 

Steam  generators  and  superheaters.    Gianotti  &  Gianotti.  12657. 

Internal-combustion  engines.     Mellersh- Jackson.  12820. 

Annealing  of  wire.    Woods.  12872. 

]{otary  engines  and  pumps.    Brennan.  12884. 

Worm  gearing.    Fleury  &  Morin.  13189. 

Carburetters  for  internal-combustion  engines.  Miller  &  Adamson. 
13454. 

Gas  engines.    Daniel.  13456. 

Process    for    removing    sulphn  retted     hydrogen     from  gases. 

Burkheiser.  13724. 
Means  for  converting  rotary  movement  into  reciprocate^  movo- 

ment.    Dollman.  13794. 
Automatic  train  stop  devices.    Hudson.  14336. 
Methods  of  and  apparatus  for  sintering  metal.    Walling.  1470o. 
Bearings  for  shafts.    Delmez.  15G27. 
Controlling  mechanism  for  valves.    Bloch.  15820. 
Railway-signalling  apparatus.    Soc.  d'Electricite  Nilniclinr,  aiul 

Colas.  16641. 
Valves.    Hart.  16647. 

Recovery  of  nickel  from  its  ores.  Salman,  Pi  card  j  ife  ！ Roberts. 
17131. 

Carburetters  for  internal-combustion  engines.    Johnson .  17767. 
Spark-plug  socket  for  oil  and  gas  engines.    Male.  18728. 
I?;iilway  rail  joints.    Surtig,  Briar,  &  Mpjio.  19101. 
、Vin!r;"viii^;  uppa ratus.    Frese.  1927(i. 


Carburetter  for  starting  internal-comhustion  engines.  Lau^hton. 
20080. 

hlxplosion  tur))inos.    Haucli.  20513. 

Mc'tluxl  of  and  appaiatiis  ior  pumping  or  raising  liquids.  Mclliss. 
22UU. 

Saioty  suspension  nn'clinni^iu  ior  i，iiiiing  oatros.    Horsloy.  2'2*JKVJ. 
(u)vernor  mechanism  for  compressor  t'nginps.    Tcji^iu*.  ti38()7. 
]jiquid  fuel  supply  to  furnaces.     Soc.  Anon  d^s  Ktiiidissi'iin-nts 

Delaunay-Bellevillo.  24059. 
Valves  for  internal-combustion  engines.    Ayers.    243 *>2. 
Starting  internal-combustion  enginos.    Heins.  '24io7. 
Wave-motors.    (； iffhorn.  25793. 

Kii i-iiaco  provided  、、ith  rt'^pnerativo    cliiuiilxM-s.      I'oettor,  and 

Pootter  Ges.  2G411. 
Lock  nuts.    Erwin.  26629. 

C'aifmrt'ttors  for  use  with  intern  a  l-coinl)Ustion  on^inos.  ('laiulcl. 
26927. 

Operation  of  the  throttles  or    starting    valvos    of  Toeomotives. 

Hudson.  27181. 
Alloy  for  white  mctii]  ^oods.    Wilkins.    27  KHJ. 
Hnperheaters  for  water-tube  l)oilers.    Yarrow.  2".")")8. 
Apparatus  for  removing  ashes  from  stoke  holt's,  also  applioaljle 

as  a  bilge  pump.    Soc.  Anon.  Wost  iiiglmiw. 
Moulding  flasks.    Duplcr.  1>84()4. 


Carl)iirottei*s  foi-  intorna 


1914. 

-cnministion  olivines.    Cnx .  4488. 


I^h'ct I'ical  resistanci 


ELECTRICAL,  1912. 

H:iy  &  Sulliviiii.  22:J7; 

1913. 


l'jloctric  recording  d("'i('  、s.     British  Tlioinsrm- Houston  Com  pan  v. 

5734. 

Dyna mos.    Newton,  n tul  Xowton  Bros.    59^ (i. 

.Mtit hods  of  starting  the  arcs  of  electric  i'urnacos.    Scott.  (iU 
Timing    device    for    tiso  witli  electric  s\\  itclios.     Iiciidixcn  and 
( Joiulrup.  6169. 

Electric  train  signalling  and  cnntrollino;  systems.    Allard.  "ISf;. 
Selective  system  of  telopliony.    Hastings.  998(5. 
Telephone  systems.    Siemens  and  H  alsko  Akt.-Ges.  1^)00. 
Apparatus  for  use  in  wireless  telephony.    Ditoham,  and  Griiulell- 

^latthews  Wireless  Telephone  Syndicate,  Ltd.  1207(J. 
Apparatus  for  heating  liquid  electrically.    】hitish  Electric  Heater 

Company,  and  Kratt.  12129. 
Wireless  telephony  and    telegraphy.      Ditcliani,    a nd  (Irindell- 

Afatthews  AViivlcss  Telephone  Syndicate,  Ltd.  12157. 
Telephone  exchange  switching  systems.    Teleplion  Apparat  Fabrik 

E.  Zwietusch  &  Co.  14229. 
Magnetic  separators.    Fried.  Krupp  Akt.-Ges.  Grusonwerk.  14-127. 
Arrangements  for  controlling  the  feed  of  recording  instruments. 

Siemens  Bros.  &  Co.  14951. 

1914. 

Electric  switches.    Hart.  340. 

Sparking  plugs.    Freiberg  &  Petzsche.  357. 

Connections  and  fittings  for  electric  conduits.    Birch.  1729. 


METAL  QUOTATIONS. 

TUESDAY,  MARCH  31st. 

Aluminium  ingot    8fi/-  per  cwt. 

，,         wire,  according  to  sizes,  &c  from  112/-  " 

sheets        ,，  ，，    ，，  112/-  ，， 

Antimony   £27/10/-  to  £29/10/-  per  ton. 

Brass,  rolled   7{d.  per  lb. 

,,    tubes  (brazed)    9fd.  ，, 

，，       ，，     (solid  drawn)   TJd.  ，， 

，，       ，，      wire    7Jd.  ，， 

Copper,  Standard   £64/17/0  per  ton. 

Iron,  Cleveland   50/0  ,， 

，， Scotch   56/9  ，， 

Lead,  English    £18/10/-  ，， 

，， Foreign  (soft)    £18/7/6  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,,  ,,  ，，       medium   3/6  to  6/-  ，， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver....,   £7/-/-  per  bottle. 

Silver   26Jd.  per  oz. 

Spelter    £21/7/"  per  ton. 

Tin,  block  :   £173/10/- ,, 

Tin  plates,  I.C   13/-  per  box. 

Zinc  sheets  (Silcsian)   £24/15/-   per  ton. 

，，  (Stettin  ；  Vieille  Montagne)   £25/2/C 
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FLEXIBLE 


METALLIC  TUBING 


Original 


Interlocked 
Section. 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,    Highest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c. 


in 


HEAD  OFFICE: 

112，  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "NONLEAK  ，'  will  stand . 


WHY   NOT  WEAR   A  SMILEP 

NONLEAK  jointing 

nUHI-CiMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE  ！ 


FREE  FROM  LEAD! 

IMPROVES  WITH  AGE  ! 


TESTING  SAMPLES. 


WILL  NEVER  BLOW  OUT,  SCALE,  OR  ROT. 

Leeds  Road, 


J.  E.  TURNER  &  C0.，  Ltd.,  S°'e  Makers.  BRiTbFORD, Tories 
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Marine  Engineering  and  Shipbuilding. 

While  some  of  the  figures  given  in  the  admirable  review 
of  our  progress  in  marine  engineering  and  shipbuilding 
portrayed  in  the  presidential  address  at  the  Institution  of 
Naval  Architects  are  gratifying  to  national  pride,  others  give 
rise  to  serious  reflection,  while  others  again  indicate  the 
magnitude  and  difficulty  of  the  problems  that  lie  immediately 
ahead  notwithstanding  the  big  steps  that  have  been  made 
during  recent  years.  Last  year's  output  of  shipbuilding  was 
a  record.  Merchant  ships  totalled  no  less  than  1,932,000  ton> 
and-  warships  over  271,000  tons,  giving  a  grand  total  of 
2,203,000  tons  for  British  yards  out  of  a  total  output  for  tlie 
whole  world  of  a  little  over  4,000,000  tons.  While  it  is  pleas- 
ing to  reflect  that  no  less  than  58  per  cent,  of  the  output  ,<，r 
1913  fell  to  British  industry,  the  fact  must  not  be  overlooked 
that  in  1911  the  percentage  was  68，  or,  taking  another  basis 
for  comparison,  "  while  our  output  lias  increased  durinu'  tun 
years  by  128,000  tons  that  of  foreign  shipbuilding  has  in- 
creased in  the  aggregate  by  554,000  tons."  Our  supremacy 
is  undoubted,  but  it  would  be  foolish  to  ignore  the  efforts 
of  our  competitors  or  the  strides  they  have  made.  Competi- 
tion in  engineering  matters  is  becoming  increasingly  one 
between  brains,  and  enhances  the  importance  which  all 
thoughtful  observers  attach  to  the  questions  of  higher  educa- 
tion and  research  work  if  our  supremacy  is  to  be  maintained. 

One  of  the  most  salient  features  111  connection  witli 
mercantile  ship  construction  is  the  continued  growth  in 
the  size  of  individual  units.  Taking  ships  of  6,000  tons  and 
over,  it  appears  that  while  the  yearly  average  during  the  five 
years  1908-12  was  41，  no  less  than  84  such  ships  were  launched 
in  1913  ；  and  a  similar  comparison  with  ships  of  10,000  tons 
and  upwards  was  even  more  striking,  tlie  average  for  the  five 
years  being  11  as  compared  with  21  for  the  year  just  closed 
while  the  largest  of  these ― namely,  the  "  Aquitania  M ― ha 、- 
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a  tonnage  of  no  less  than  47,000  tons.  Further  growth  on 
the  part  of  these  monster  Atlantic  liners  is,  as  we  pointed 
out  a  little  while  ago,  giving  rise  to  some  very  serious  diffi- 
culties in  connection  with  harbour  and  dock  accommodation, 
and  threatens  to  prevent  further  growth  except  in  special 
cases  apart  from  the  special  problems  associated  with  the 
construction  and  propulsion  of  the  vessels  themselves.  There 
has,  however,  been  no  disposition  on  the  part  of  either  owners 
or  builders  to  shirk  them,  and  if  a  check  is  experienced  as 
regards  development  in  size,  it  will  be  from  other  and  outside 
considerations.  The  solution  of  the  problems  of  propulsion 
have  undoubtedly  beeu  largely  aided  by  the  development  of 
the  steam  turbine  which,  where  large  units  of  power  are  con- 
cerned, has  established  itself  as  a  standard  type  of  prime 
mover,  while  its  successful  conjunction  with  gearing  promises 
to  extend  its  range  of  economical  application  to  nearly  all 
classes  of  ships.  To  what  extent  the  turbine  steamer  will 
be  supplanted  by  the  motor-driven  ship  is  still  an  open  ques- 
tion. ' The  progress  made,  however,  has  been  noteworthy,  and 
the  fact  should  also  be  recognised  that  continental  engineers 
have  mainly  contributed  to  it.  But  apart  from  the  mechani- 
cal difficulties  of  Diesel  engines,  which  in  large  sizes  are 
especially  serious,  the  questions  of  supply  and  cost  of  oil 
introduce  economic  questions  that  are  at  present  not  easy  to 
answer,  and  on  which  shipbuilders  will  require  further  en- 
lightenment before  this  type  of  prime  mover  is  adopted  on 
a  large  scale. 


The  Trend  of  Invention. 

A  review  of  the  figures  presented  by  the  Comptroller-General 
of  Patents  in  his  annual  report,  just  published,  forcibly  illus- 
trates the  truth  of  the  adage  that  "  Necessity  is  the  mother 
of  invention."  Ingenious  ideas  and  scientific  discoveries  are 
not,  as  many  people  imagine,  so  much  the  product  of  happy 
inspiration  as  the  outcome  of  hard,  patient  thinking  and 
experiment  suggested  by  some  trouble  or  difficulty  arising 
out  of  human  desires  or  needs,  pointed,  it  may  be，  by  a  wish 
to  reduce  risk  of  accident  or  by  a  desire  to  increase  profit  or 
diminish  cost,  or  in  some  other  way  to  balance  the  economic 
forces  that  always  beset  more  or  less  industrial  enterprise. 
The  terrible  accidents  that  have  arisen  from  the  failure  of 
signalling  arrangements  on  railways  during  the  last  year  or 
two  have  stimulated  interest  in  devices  for  making  them 
automatic  and  independent  of  the  human  element.  Accidents 
in  mines  and  recent  legislation  arising  out  of  them  have  in  a 
similar  way  brought  inventive  talent  to  bear  on  methods  of 
signalling  in  mines.  The  increasing  development  of  the 
motor-vehicle  industry  has  opened  quite  a  number  of  avenues 
for  the  exercise  of  mechanical  ingenuity,  and  is  reflected  in 
the  fact  that  the  number  of  applications  for  patents  in  this 
direction  has  increased  during  the  past  year  by  about  25  per 
cent.  Aeronautics,  too,  still  offer  many  problems  and  diffi- 
culties for  solution,  particularly  in  connection  with  the  work- 
ing of  internal-combustion  engines  combining  the  antagonistic 
qualities  of  great  power  and  lightness.  Out  of  the  huge 
growth  of  this  type  of  motor  have  sprung  other  difficulties. 
The  abnormal  demands  for  motor  spirit  have  led  to  enhanced 
prices,  and  the  search  for  other  sources  of  supply  have  set 
the  chemists  a  numHer  of  special  problems,  and  led  to  the 
taking  out  of  quite  a  host  of  patents  concerned  with  improved 
methods  of  abstracting  them  from  heavy  hydrocarbon  oils, 
or  distillation  of  other  carbonaceous  substances.  Human 
amusement  offers  no  less  tempting  prizes  thau  industrial 
efficiency  to  those  who  can  cater  for  its  needs.  The  popu- 
larity of  the  cinematograph  and  the  efforts  to  improve  its 


adaptability  to  the  simultaneous  reproduction  of  sound  and 
colour  have  led  to  quite  a  multitude  of  new  inventions 
relating  to  the  solution  of  the  problems  thus  presented.  八 
reference  to  the  income  and  expenditure  of  the  Patent  Office 
shows  that  notwithstanding  the  additional  assistance  which 
the  Patent  Office  has  afforded  inventors  during  recent  years, 
it  is  still  a  very  profitable  Government  department,  for  during 
the  past  year,  while  the  expenditure  of  the  Office  ainoiuiied 
to  £194,423,  the  receipts  were  no  less  than  i346，324，  showing 
a  surplus  of  £151,901,  as  compared  with  a  surplus  of  £131,627 
in  1912. 


IRON  AND  STEEL  INSTITUTE. 

The  annual  meeting  of  this  Institute  will  be  held  in  the  new 
House  of  the  Institution  of  Civil  Engineers,  Great  George 
Street,  Westminster,  on  Thursday  and  Friday,  May  7th  and 
8th,  commencing  each  day  at  10-30  a.m.  On  the  Thursday 
the  Council  will  present  their  report  for  the  year  1913，  and 
the  lion,  treasurer  the  statement  of  accounts  for  1913.  The 
retiring  President  (Mr.  Arthur  Cooper)  will  induct  into  the 
chair  the  President-elect  (Mr.  Adolplie  Greiner).  The  Bes- 
semer Gold  Medal  for  1914  will  be  presented  to  Mr.  Edward 
Riley,  F.I.C.  The  President  will  deliver  his  inaugural 
address,  which  will  be  followed  by  the  reading  and  discussion 
of  papers.  The  annual  dinner  of  the  Institute  will  take  place 
at  the  Connaught  Rooms,  Great  Queen  Street,  W.C -，  at  7  p.m. 
On  the  Friday  the  Andrew  Carnegie  Gold  Medal  (for  1913) 
will  be  presented  to  Mr.  Thomas  Swinden,  D.Met -，  and  liie 
award  of  research  scholarships  for  the  current  year  will  be 
announced.  The  following  is  the  list  of  papers  that  are 
expected  to  be  submitted  for  reading  and  discusbion :  (1)  J.  O. 
Arnold,  D.Met.,  F.R.S.,  aud  G.  R.  Bolsover :  "The  Forms  in 
which  Sulphides  may  Exist  iu  Steel  Ingots."  (2)  C.  Benedicks, 
Ph.D.  :  "  Experiments  on  Allotropy  of  Iron  (behaviour  of 
ferro- magnetic  mixtures  ；  dilatation  of  pure  iron)."  (3)  A. 
Bose  ：  ''  Recent  Developments  of  the  Iron  and  Steel  Industry 
in  India."  (4)  C.  Chappell :  "The  Recrystallisation  of  De- 
formed Iron."  (5)  C.  A,  Edwards,  D.Sc.，  and  H.  C.  fit. 
Carpenter,  Ph.D. :  "  The  Hardening  of  Metals,  with  special 
reference  to  Iron  and  its  Alloys.7'  (6)  J.  N.  Friend,  D.Sc, 
and  C.  W.  Marshall  ：  "  Influence  of  Molybdenum  uj)on  the 
Corrodibility  of  Steel."  (7)  H.  C.  Greenwood,  D.Sc. :  "  Note 
on  a  curious  case  of  Decarburisatiou  during  the  Hardening 
of  Steel  Dies."  (8)  Sir  Robert  A.  Hadfield,  F.R.S.,  and 
B.  Hopkinson,  F.R.S. :  "  The  Magnetic  and  Mecliauical 
Properties  of  Manganese  Steels."  (9)  H.  L.  Heathcote, 
B.Sc. :  "Some  Improvements  in  Case-hardening  Practice." 
(10)  S.  A.  Houghton ;  "Failures  of  Heavy  Boiler  Shell 
Plates."  (11)  E.  Humbert  and  A.  Hetliey,  B.Sc. :  "  Produc- 
tion of  Steel  Direct  from  the  Ore."  (12)  A.  McCance,  B.Sc. ： 
" Theory  of  Hardening. ,J  (13)  M.  Misson  ：  "The  Colori- 
metric  Estimation  of  Sulphur  in  Pig  Iron  and  Steels  by  means 
of  Paper  Impregnated  with  a  Solution  of  Arsenious 
Anhydride  in  Hydrochloric  Acid."  (14)  F.  Miiller :  "The 
Development  of  Dry  Cleaning  in  Blastfurnace  Gas  Purifica- 
tion.7  ?  (15)  W.  Rosenhain,  D.Sc"  F.R.S. ，  and  J.  L.  Haugli- 
ton,  M.Sc. :  "  A  New  Reagent  for  Etching  Mild  Steel."  (16) 
F.  Schuster,  D.Ing.  ：  "Results  of  Talbot  Process  at  Witko- 
witz.，，  By  the  kind  invitation  of  the  Comite  des  Forges,  the 
autumn  meeting  will  be  held  in  Paris  on  September  18th  to 
23rd,  1914. 


The  Smoke  Abatement  Bill. ― In  the  House  of  Lords  recently 
Lord  Newton  moved  the  second  reading  of  】iis  Smoke  Abate- 
ment Bill.  Lord  Allendale,  on  behalf  of  the  Local  Govern- 
ment Board,  said'  they  were  in  entire  sympathy  with  the 
objects  of  the  Bill,  but  the  President  proposed  to  appoint  a 
strong  Departmental  Committee  to  enquire  into  the  question 
and  to  make  a  report  before  asking  Parliament  definitely  to 
commit  itself  to  an  amendment  of  the  law.  On  this  assurajico 
Lord  Newtou  asked  leave  to  withdraw  his  motion,  and  the 
Bill  was  therefore  withdrawn. 
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REAVELUS  THREE-STAGE  AIR  COMPRESSOR. 

A  design  of  three-stage  air  compressor,  the  invention  of 
Messrs.  Reavell  &  Co.,  Ltd . ,  Hanolagli  Works,  J pswicli,  is 
shown  in  1  lie  accompanying  illust  i-at  ions,  Ki^.  J  hein^  n 
veriical  section,  Fig.  2  a  side  view  of  the  driving  mcclianisni 
at  rigTit  angles  to  Fig.  I  and  a  section  through  the  cvlinders, 
Fig.  3  a  plan  of  the  compressor,  Fig.  4  a  section  aloni;  t  lu* 
crosshead,  Fig.  5  a  plan    of    the   intermediate  compression 


Fig.  1.  Fig.  2. 

KEAVKLL'S  TKltEESTAGE  A  IK  C<»Mri(];ssul(. 

cylinder,  and  Fig.  6  a  vertical  section  on  a  larger  scale  of  a 
pair  of  valves  of  a  double-acting  intermediate  cylinder  pro- 
vided with  automatic  regulation  for  the  low-pressure  side. 
A  is  the  low-pressure  cylinder  and  C  the  high-pressure 
cylinder  placed  axially  above  the  low-pressure  cylinder. 
Their  pistons  D  and  F  are  rigidly  connected  and  single  acting. 
The  intermediate  cylinder  B  is  mounted  on  the  opposite  side 
of  the  driving  mechanism  and  co-axial  with  the  other 
cylinders.  The  low-pressure  piston  D  is  connected  with  the 
intermediate  piston  E  by  a  piston  rod  G，  on  which  is  mounted 
a  crosshead  H  set  in  motion  by  a  pair  of  oscillating  levers 
through  the  intermediary  of  links.  The  air,  which  has  been 
compressed  in  the  cylinder  A  provided  with  an  ordinary  inlet 
valve  and  outlet  valve,  passes  through  the  outlet  L  into 
the  pipes  M  of  an  intercooler  and  then  through  the  admission 
port  N  directly  into  the  lower  end  of  cylinder  B  without 
the  intervention  of  a  valve.  The  upper  end  of  the  inter- 
cooler communicates  with  the  pipe  P  leading  to  the  inlet 
valve  of  the  high-pressure  cylinder,  and  the  air  which  has 
been  compressed  in  the  latter  escapes  through  an  outlet  con- 
trolled by  a  valve  into  the  discharge  pipe  S  leading  to  a 
receiver.  At  the  end  of  the  downward  stroke  of  the  inter- 
mediate piston  E  a  portion  of  the  air  compressed  in  the 
lower  part  of  the  cylinder  B  and  then  cooled  in  the  inter- 
cooler enters  the  cylinder  C.  During  the  subsequent  return 
or  upward  stroke  of  the  piston  E  the  air  remaining  in  the 
intercooler  expands  against  the  piston,  thereby  returning  to 
it  a  portion  of  the  work  done  during  the  down  stroke. 

The  upper  end  of  the  intermediate  cylinder  B  is  closed  by 
a  cover  provided  with  a  suction  valve  box  J  and  a  discharge 
valve  box  K,  from  which  a  branch  O  leads  to  the  air  conduit 
extending  from  the  pipe  L,  through  the  intercooler  to  the 
port  N.  The  upper  side  of  the  piston  E  and  cylinder  B 
may  be  rendered  single  acting  by  keeping  the  suction  valves 
J  open  during  the  forward  and  backward  strokes  of  the 
piston  E，  so  that  the  pressure  above  the  piston  cannot  beconie 
substantially  higher  than  that  of  the  atmosphere,  and  the 
discharge  valves  K  will  remain  closed,  or  the  suction  valves 


may  be  held  closed,  thus  allowing  the  air  above  the  piston, 
wliich  is  not  delivered  through  delivery  valves,  to  be  alter- 
nately expanded  and  compressed .  The  .suction  pipe  V  lead- 
ing to  the  suction  valves  of  the  auxiliary  cylinder  may  be 
provided  wit  li  an  oi dina ry  valve,  whicli  t  an  lx*  operated  hv 
hand,  if  it  is  desired  to  set  the  auxiliary  cylinder  into  or  out  of 
action  or  to  adjust  the  volume  of  auxiliary  air  admitted 
indepentlently  of  the  receiver  ])ressur«*.  1 1  t  lie  valves  of  the 
upper  end  of  the  cylinder  B  act  in  the  usual  manner  of  purnp 
valves,  the  down-stroke  of  tl"'  piston  E  draws  air  into  tli'' 
cylinder  through  the  suction  valves  J,  and  the  subsequent 
up  stroke  compresses  tlie  air,  wliioli  then  escapes  t  hrough  tin* 
discharge  valves  K  and  hraiich  pipe  O  into  tlie  line  of  pijx  s 
connecting  the  rylinders  A  and  H.  The  compressed  air  dis- 
charged from  t lu»  upper  <'ii(l  of  the  cylinder  H  is  therefore 
added  to  tluit  which  flows  from  t  ii**  cyliiKler  A  to  1 1 1 
cylinder  B,  and  tlie  upper  part  of  <-yliiHler  H  may  thus  be 
made  to  act  as  an  addit ional  low-pressure  rvli'i'l'  r 

This  auxiliary  action  of  the  cylinder  Ii  may  he  mad*- 
dependent  on  tlie  pressure  of  tlie  air  in  the  receiver  fed  \>y 
the  discharge  pipe  S  of  the  high-pressure  cylinder  C.  Tlie 
pressure  in  tlie  receiver  will  vary  according  to  the  volume  of 
air  abstracted  from  the  same  for  various  purposes.  1 1'  tl"' 
volume  is  greater  than  tliat  supjjlied  (lining  t lie  same  time 
by  the  pipe  S  the  pressure  will  fall,  in  wliich  case  it  卜 
desirable  to  increase  the  supply  of  air  by  increasing  the  out- 
put of  the  low-pressure  stage  of  the  compressor.  This  may 
be  done  automatically  by  the  device  shown  in  Fig.  6,  where  J 
is  the  suction  valve,  whose  spindle  is  provided  at  the  top 
with  a  collar  resting  on  a  spring  adapted  to  liold  the  valve 
in  its  closing  position.  Into  the  valve  box  is  screwed  a 
casing,  which  contains  at  the  top  a  vertically  movable  box 
Q  supported  by  a  spring  and  containing  a  spindle  whicli 
terminates  a  short  distance  above  the  spindle  of  the  valve  .1 
The  upper  part  of  the  casing  extends  into  a  cap,  provided 
at  the  top  with  a  socket  R  for  a  pipe  communicating  with 
the  receiver.  A  duct  T  leads  from  the  socket  to  the  interim 
of  the  cap.  The  casing  lias  lateral  openings  communicatiii'j 
with  the  port  U  open  to  the  atmospliere,  while  the  port  W 
communicates  with  the  upper  end  of  the  cylinder  B.  In  tlie 
position  shown  by  the  drawing  the  valve  J  is  free  to  open 


FIG.  6. 


Kk  a  yell's  Thhek-stagi:  Am  c\»MritEssou. 

and  close.  If  the  pressure  in  the  receiver  exceeds  the  drMi*  -i 
maximum,  the  spring  box  Q  is  forced  down,  and  its  spiiulle 
forces  down  the  valve  J，  so  as  to  keep  it  open  until  the 
pressure  in  the  receiver  has  dropped  sufficiently  for  allowing 
the  valve  to  close  and  act  in  the  normal  manner  ；  K  is  the 
delivery  valve  coiiununicating  witli  the  interior  of  the  cylinder 
B  through  the  port  W  aud  with  the  pipe  0  through  the 
port  X. 
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MUNTZ  METAL,* 


•  S.、  AND  H.  G. 


STEDMAN. 


BY  J.  E.  STEAD,  D.SC.，  D.MET. 

Although  a  great  amount  of  general  work  has  been  done  on 
brasses,  there  is  still  necessity  for  more.  As  the  structure  of 
Muntz  metal  varies  according  to  the  heat  treatment  and  rate 
of  cooling  to  which  it  has  been  subjected,  we  decided  on 
making  trials  to  correlate  the  composition,  iriicrostructure, 
heat  treatment,  and  physical  properties  of  metal  containing 
about  60  per  cent,  copper  and  40  per  cent.  zinc.  Our  scheme 
was  to  heat  duplicate  series  of  the  metal  of  determined  com- 
position for  48  hours  at  temperatures  between  470°  C.  and 
860°  C.，  allowing  one  set  of  bars  to  cool  in  the  air,  quench 
the  other  set  in  cold  water,  and  then  to  examine  them  after- 
wards. Mr.  F.  Tomlinson,  of  Messrs.  The  Brougliton  Copper 
Company ；  Ltd.,  Manchester,  most  kindly  supplied  the  bars  of 
brass  in  the  form  of  cold-drawn  round  bars,  |in.  cliam . 
The  apparatus  for  heating  the  metal  was  supplied  by  the 
Cambridge  Scientific  Instrument  Company,  Cambridge,  and 
consisted  of  a  resistance  tube  electric  furnace  and  a  Whipple 
pyrometer. 

Table  I. 


As  will  be  shown  in  the  section  on  microstructure,  the  卩 
constituent  of  the  bar  heated  to  about  475。  C.  was  apparently 
in  less  proportion  than  was  present  in  the  1 ― 9  series.  It  was 
decided  to  heat  other  bars  at  a  much  lower  temperature  for  a 
longer  time,  to  determine  whether  it  was  possible  to  effect  tlie 
complete  absorption  of  the  f3  constituent.  Having  found  a 
heated  flue  at  the  Middlesbrough  Gas  Works,  where  the  tem- 
perature varied  between  430°  C.  and  500°  C.，  an  iron  pipe 
closed  at  one  end  was  inserted  in  the  flue  ；  the  bars  of  brass 
were  placed  in  it,  and  were  allowed  to  remain  there  for  three 
months.  Strips  of  zinc  were  also  introduced,  and  when  the 
specimens  were  removed  it  was  found  that  the  bar  nearest 
the  outer  wall  of  the  flue  had  not  been  heated  to  above 
430°  C.，  for  only  the  inner  end  of  the  zinc  strip  had  melted. 
In  order  to  determine  the  effect  of  still  lower  temperatures 
another  bar  was  put  into  a  superheater  at  one  of  the  Cleve- 
land &  Durham  Power  Company's  stations  operating  at 
270°  C.，  and  kept  there  for  984  hours. 

The  bars  were  tested  by  the  Sheffield  Testing  Works, 
Ltd.,  Blonk  Street,  Sheffield,  with  results  shown  in 
Table  II.    All  the  specimens  were  also  tested  by  the  Brinell 

Table  III. 


Maximum, 

Minimum, 

Mean, 

Range, 

No. 

Degrees  C. 

Degrees  C. 

Degrees  C. 

Degrees  C. 

1 

495 

462 

475 

33 

2 

580 

556 

565 

24 

3 

685 

665 

G75 

2U 

4 

742 

715 

720 

27 

r> 

757 

740 

749 

17 

(5 

783 

765 

773 

18 

835 

785 

812 

50 

8 

845 

820  ' 

833 

25 

9 

880 

846 

860 

34 

The  bars  in  duplicate  were  placed  in  the  centre  of  the 
furnace  and  the  pyrometer  tube  placed  over  them.  When  in 
position  the  open  ends  of  the  furnace  were  closed  by  loose 
asbestos.  Soon  after  commencing  the  experiments  it  was 
found  impossible  to  maintain  a  constant  degree  of  heat 
owing  to  changes  in  the  room  temperature.  Consequently 
there  was  considerable  variation  during  the  48  hours'  heating 
in  the  furnace,  amounting  to  between  17°  and  50°  C.  The 
structure,  however,  varied  proportionately  to  the  mean  tem- 
perature, and,  our  object  being  to  correlate  microstructure 
and  mechanical  properties,  the  bars,  after  heating  over  ranges 
instead  of  at  fixed  temperatures,  answered  the  purpose.  Two 
bars  were  heated  at  the  same  time  in  each   trial  ；  one  was 


Description. 

Quenched. 

Air-Cooled. 

1 

2 

3 

2 

3 

A  as  received     . . 

26.18 

1  to  9  as  received 

39.10 

A   

25-85 

B   

22-90 

1  

20. 04 

74 

26-6 

25-60 

70 

2  

25-91 

73 

27.0 

25-11 

(15 

23.7 

3  

28-67 

83 

30-3 

26.64 

07 

24.4 

4  

27-40 

89 

33-5 

24-48 

67 

24-4 

5  

28-73 

93 

33.9 

26-38 

70 

25.5 

0  

23-20 

100 

36-5 

25-00 

70 

25.5 

29-53 

100 

36.5 

25-50 

70 

25.5 

8  

29-38 

100 

36-5 

25-55 

70 

25.5 

9.  

27.22 

93 

33.9 

24-50 

70 

25-5 

method,  using  a  10-millimetre  ball  and  a  pressure  of  500  kg. 
By  dividing  the  average  tenacity  by  the  average  hardness 
numbers  a  ratio  factor  of  0.365  for  air-cooled  brass  was 
obtained,  which  is  very  useful,  for  by  multiplying  the  hard- 
ness numbers  by  this  factor  the  approximate  breaking  load  is 
obtained.  The  actual  and  calculated  tenacities,  together  with 
the  Brinell  number,  are  given  in  Table  III. 

Column  1  gives  the  determined  tenacity  in  tons  per  square 
inch,  column  2  the  determined  Brinell  hardness  number,  and 


Table  II. 


Heat  Treatment. 

Quenched  i 

n  Water. 

Cooled  in  Air. 

Mark. 

Duration 

Yield  Stress. 

Max.  Stress. 

Elongation 

Reduction 

Yield  Stress. 

Max.  Stress. 

Elongation 

Reduction 

Temperature. 

of 

Tons  per 

Tons  per 

in  lin. 

of  Area. 

Tons  per 

Tons  per 

in  lin. 

of  Area. 

Heating. 

sq.  in. 

[ sq.  in. 

Per  cent. 

Per  cent. 

sq.  in. 

sq.  in. 

Per  cent. 

Per  cent. 

Normal  bar  of  A  &  B 

15-24 

26-18 

44 

54 

A 

270 

984  hours 

13-76 

25-85 

54 

63 

'  B 

430 

3  months 

11.52 

22-9 

56 

(S3. 4 

Hard  drawn 

36-79 

39-10 

19 

54 

1 

475 

48  hours 

15-79 

26-04 

45 

66.2 

15-07 

25.6 

50 

65.6 

2 

565 

15-15 

25.91 

41 

58.8 

13-56 

25-11  . 

51 

63-1 

3 

675 

14-64 

28.67 

38 

43.8 

13-41 

26-64 

47 

58-8 

4 

720 

15-89 

27-40 

26 

37.8 

12-27 

24-48 

40 

48-6 

5 

749 

19-67 

28-73 

20 

32.6 

14-42 

26-38 

42 

43.8 

6 

773 

20-47 

23-26 

10 

26.6 

13-62 

25-00 

38 

43.8 

812 

19-33 

29-53 

25 

26.0 

13.08 

25-50 

48 

53.9 

8 

833 

19-62 

29-38 

26 

37-8 

12.82 

25-55 

45 

48.6 

9 

860 

18-45 

27-22 

30 

32.1 

14-93 

24-50 

48 

58.2 

The  bars  for  A  and  B  were  different  from  those  of  Nos.  1  to  9. 


quenched  as  soon  as  removed  from  the  furnace,  and  the  other 
was  allowed  to  cool  in  the  air.  The  bars  most  highly  heated 
cooled  down  to  below  400°  C.  in  ten  minutes.  Table  I.  gives  a 
record  of  the  temperature. 

*  Abstract  of  paper  read  before  the  Institute  of  Metals,  March  18th,  19J4. 


column  3  the  tenacity  calculated  from  the  hardness  number 
and  the  factor  already  mentioned,  namely,  0*365.  It  will  be 
observed  that  while  the  hardness  of  the  quenched  specimens 
rises  with  the  temperature  of  quenching,  the  calculated 
tenacity  is  too  high. 
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The  sur laces  of  the  normal  cold-drawn  pioco  brass  and 
Nos.  1  to  3  were  smooth.  No.  4  was  crinkled  on  the  surface. 
No.  5  was  very  uneven,  and,  owing  to  the  peculiar  orientation 
of  the  crystals,  the  test-piece  had  during  extension  become 
elliptical  in  section ~ -6*5  mm.  through  the  longer  axis  and 
5'4  mm.  through  the  short  axis.  The  length  of  some  of  the 
crystals  could  be  traced  on  the  surface,  and  varied  between 
half  and  one  inch.  No.  6  test-piece,  quenched  in  water, 
owing  to  the  small  extension,  was  smooth  on  the  surface,  but 
the  fracture  consisted  of  several  terminations  of  very  large 
crystals  which  had  evidently  not  been  strongly  held  together, 
or  which  liad  envelopes  surrounding  them  of  a  weaker  suit 
stance  than  their  mass.    The  test-piece  of  No.  6，  cooled  in  ;iir， 

Muntz  Metal  -  Slowly  Cooled 
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Fig.  1.— Results  op  Mechanical  Tksttng. 
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had  a  crinkled  surface,  due  to  the  presence  of  large  crystals 
which  flowed  unequally  during  the  extension  in  the  testing 
machine.  Nos.  7  aud  8  were  less  crinkled  on  their  surfaces 
than  Nos.  4  and  5,  and  Nos.  8  and  9  were  oval  in  section — 
6'7  mm.  by  5  7  mm.  and  6*5  mm.  by  57  mm.  respectively. 
With  the  exception  of  No.  6  all  the  fractures  were  fibrous. 

" A."  The  bar  heated  for  three  months  at  about  430°  C. 
broke  with  a  fibrous  fracture,  and  the  surface  was  smooth. 

" B.，'  The  bar  subjected  to  the  influence  of  superheated 
steam  also  yielded  a  fibrous  fracture. 

The  result  of  heating  upon  the  physical  properties  of  the 
metal  is  most  marked.  In  general  terms  the  effect  of  heating 
followed  by  quenching,  as  compared  with  heating  followed  by 
cooling  in  air,  is  to  raise  the  tenacity  and  to  reduce  tlie 
elongation  and  contraction  of  area  at  the  point  of  fracture. 
On  comparing  the  results  obtained  on  the  two  bars  of  No.  1， 
heated  to  just  above  the  critical  point,  it  will  be  noticed  that 
there  is  practically  no  difference  in  the  tensile  strength,  the 
tenacity  of  the  quenched  bar  being  only  0*45  terns  greater,  the 
elongation  5  per  cent,  less,  and  the  reduction  of  area  at  the 
point  of  fracture  is  0*6  per  cent,  more  than  the  respective 
results  obtained  on  testing  the  air-cooled  material.  The 
mechanical  properties  of  the  highly  heated,  air-cooled  bars 
are  surprisingly  good,  and  not  what  was  expected. 

The  best  results,  so  far  as  ductility  is  concerned,  are  those 
obtained  in  the  case  of  the  bar  heated  for  three  months  at 
430°  C.  The  lowest  tenacity  is  found  in  the  bar  heated  to 
720°  C,，  while  that  heated  to  773°  C  has  the  lowest  ductility. 
The  most  astonishing  results,  however,  are  those  produced  on 
heating  to  860°  C.，  which  show  only  l'l  ton  less  tenacity  and 
2  per  cent,  less  elongation  than  the  bars  heated  to  475°  C. 
Generally  speaking,  the  ductility  of  the  air-cooled  bars  de- 
creases with  rise  of  temperature  until  773°  C.  is  reached,  and 
then  increases  with  higher  heating — a  remark  which  is  equally 
applicable  to  the  bars  quenched  in  water,  for  the  elongation 
decreases  from  45  per  cent,  in  the  bar  heated  and  quenclied 
from  475°  C.  to  10  per  cent,  in  that  heated  and  quenched 
from  773°  C.，  and  rises  with  higher  heating  to  30  per  cent,  in 
the  bars  heated  to  and  quenched  at  860°  C.  Tn  the  quenched 
bars,  however,  the  tenacities  compared  with  the  duplicate  air- 


ooled  bars  are,  with  tlie  exception  of  No.  6,  greater,  as  is 
hown  in  Table  IV:  — 

Table  IV. 


Difference  of  Tenacity  between  the 
Qucnolied  and  Air- coo  led  Rcspeo- 
tivc  Bars. 


It  is  obvious  from  these  results  that  in  the  neighbourhood 
of  773°  C.  there  is  a  critical  or  brittle  point  for  this  particular 
brass.  Some  authorities  maintain  tliat  750°  to  780°  C  in 
a  dangerous  zone.  Brass  heated  in  that  zone  has  been  de- 
scribed as  ((  burnt  ~ a  term,  however,  obviously  inappro- 
priate, for,  on  higher  lieating,  tlie  material  again  becomes 
ductile. 

Microstruclurc  of  the  Alloys. ~ All  tlie  specimei 卜 pii-viously  in- 
ferred to  after  polishing  were  etched  with  a  dilute  solution  of 
ferric  and  hydric  chloride.  The  /8  constituent  was  fully 
developed  in  about  ten  seconds.  After  etching,  the  surfaces 
were  dried  with  a  clean  linen  rag.  Speaking  broadly,  as  tlie 
temperature  rises  above  470°  C.  the  j3  constituent  increases  in 
accordance  with  the  equilibrium  diagram  of  Shepherd,  and 
when  the  temperature  of  heating  is  a  little  above  773°  or 
812°  C.  the  metal  specimens  consist  wholly  of  the  /3  constituent, 
which  is  retained  as  such ― after  quenching. 

11  A  "  Alloy, ― In  the  brass  designated  "  A  "  the  (3  con- 
stituent gradually  diminishes  during  heating  to  about  430°  C. 
until  most  of  it  disappears,  and  it  seems  to  be  probable  that  if 
the  heating  had  been  prolonged  for  six  months  instead  of  for 
three,  all  the  ^  constituent  would  have  been  absorbed,  or,  in 
other  words,  the  alloy  would  have  become  entirely  a.  The 
result  apparently  indicates  that  the  curve  b2-b3  in  Shepherd's 
diagram  should  make  an  abrupt  turn  to  the  right  after  pass- 

Muntz  Metal  -  quencheo  in  water 
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Fig.  2.— Rkrults  of  Mechanical  Testing. 

ing  about  500°  C.  The  gradually  diminishing  size  of  the  ft 
segregations  does  not  suggest  that  the  /3  constituent  changes  to 
the  y  and  a  constituents,  but  that  the  change  is  similar  to 
what  occurred  on  reheating  to  500°  C.  one  of  the  specimens 
that  had  been  heated  and  quenched  from  700。  C.  or  above, 
for  by  such  treatment  the  /3  constituent  gradually  diminishes, 
and  the  a  constituent  increases.  Careful  microscopic  examina- 
tion of  the  p  constituent  iu  the  long-heated  alloy  failed  to 
detect  any  clear  evidence  of  segregated  y,  and  one  is  therefore 
tentatively  inclined  to  hold  the  view  tliat  the  /3  constituent 
which  disappeared  simply  dissolved  in  the  a,  increasing  its 
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((>t;il  mass  riiul  |)n»(liicin«4  the  ,,，  i\  loss  "nioiinl  of  t-'oppor 

I  Iwiii  G2  per  cent. 

B  "  ,1〃",/,  luv.tcd  lor  1)84  liours  at  27(— )、  The  sinic- 
lui  (>  tliis  allov  is  hut  sliglitly  different.  Some  of  the  " 
|);ir(,iclcs  appiNir  in  山 ul;，r  form  enibeddiMl  in  th(、  ji  ron- 
stiiurtit,  whicli  wore  not  present  in  the  original  alloy.  Th<' 
HKM-Iiaiiical  properties  are  l)ut  sliglitly  different  from  those 
ol'  tlie  original  annealed  bar. 

.Von.  /  (uhI  J  /〃〃、'，  heated  respectively  to  475°  and  565°  C. 
Here  the  structure  is  that  of  particles  of  tlie  ft  constituent 
embedded  in  a,  and  generally  separated  from  each  other. 
The  a  is  in  greater  mass,  and  the  amount  of  f3  is  about  the 
same  in  both  the  quenched  and  air-cooled  material.  These 
facts  explain  why  there  is  little  difference  in  the  physical  pro- 
perties  of  the  quenched  and  air-cooled  bars,  the  quenched  bars 
having  a  greater  tenacity  of  0"45  and  0*8  ton  respectively 
than  the  duplicate  bars  cooled  in  air. 

.Vo-s.  3,  4,  J,  and  0  /〃〃•、'，  heated  respectively  to  675°  C.， 
720。  C.，  749。  C.，  and  773。  C.  The  proportion  of  f3  in  the 
quenched  bars  increases  with  the  temperature  of  heating, 
which  accounts  for  the  increased  tenacity  of  the  quenched 
bars,  because  f3  is  the  harder  constituent.  The  elongation 
decreases  considerably,  with  the  appearance  of  strips  of  a  con- 
necting the  larger  grains  of  the  same  substance.  The  en- 
velopes of  a  in  No.  6  account  for  the  great  weakness.  On 
bending  this  alloy  it  was  the  a  constituent  which  first  gave 
way. 

7 ,  8，  and  U  /〃〃、■，  heated  respectively  to  812°  C.，  833° 
C. ,  and  860°  C.  Heated  at  temperatures  sufficiently  high  to 
produce  homogeneous  j8  constituent,  free  from  any  a,  these 
alloys  after  quenching  in  water  are,  as  one  would  expect, 
of  higher  tenacity  than  those  heated  to,  and  quenched  at, 
lower  temperatures. 

No.  8  alloy  quenched  from  833°  C.  has  a  greatly  increased 
tenacity  and  ductility  as  compared  with  No.  6  alloy.  The 
tenacity  has  risen  6  tons,  the  elongation  16  per  cent.,  and  the 
contraction  of  area  11  per  cent. 

No.  9  alloy,  when  removed  from  the  furnace,  showed  signs 
of  incipient  melting. 

The  microstructure  of  the  air-cooled  alloys  resembled  each 
other,  and  were  all  of  the  banded  type,  consisting  of  strips  of 
" separated  by  ^.  The  same  type  of  structure  can  be  traced 
iu  the  quenched  specimens  when  highly  magnified,  which 
somewhat  resembles  the  martensite  structure  of  highly  heated 
and  quenched  low-carbon  steels.  It  is  possible  that  had  the 
pieces  of  metal  been  smaller  and  tlie  quenching  more  sudden, 
the  /3  constituent  would  have  been  more  homogeneous.  The 
structure  is  analogous  to  that  of  steels  containing  0'20  per 
cent,  carbon  quenched  in  water  from  1,000°  C.  iu  which  the 
triangular  markings,  in  lighter  shape,  represent  the  incipient 
separation  of  ferrite,  or  free  iron,  from  the  martensite. 

When  a  bar  is  heated  and  cooled  alternately  for  30  or  40 
times  in  the  range  of  temperature  between  600°  C.  and  700°  C, 
and  is  cooled  slowly  after  each  heating,  the  independent  par- 
ticles of  a  constituent  increase  to  a  great  size,  and  suggest 
by  their  shape  a  tendency  to  form  icliomorphic  crystals.  One 
is  not  prepared  to  give  a  definite  reason  for  this  ；  it  is 
probably  due  to  the  very  slow  cooling  after  eacli  heating. 

Before  the  larger  bars  were  heated  for  ineckanical  testing, 
small  pieces  were  heated  to  npproxirnately  the  same  tempera- 
tures, and  it  is  remarkable  how  close  the  correspomling  struc- 
tures really  were.  It  may  be  concluded,  therefore,  that  liaving 
the  structure  of  60/40  brass,  the  temperature  of  annealing 
between  500°  C.  and  860°  C.  may  be  judged  approximately. 
I，i  a  ba r  heated  and  cooled  many  times  gradationally,  the 
*  S  crystals  extended  continuously  side  by  side  in  long  parallel 
columns  for  a  distMiicc  of  nearly  3 in.,  within  tlie  tempera- 
ture range  of  550°  C.  and  800°  C.  Tlie  crystalline  orientation 
was  heterogeneous  in  the  parts  of  the  metal  lieated  above 
S(>0  V,  and  l)elow  550。  C.  Heating  at  about  812°  C.  does 
not  appear  to  lead  to  the  growth  of  such  large  crystals  as 
are  formed  below  800°  C.  They  do,  however,  steadily  increase 
in  size  as  the  temperature  is  raised  above  800。  C.  On  strain- 
ing the  crystals  of  (3  of  No,  6，  quenched  alloy,  slip  bands 
appeared. 

Summary  of  Results.— Lt  is  sullicieut  to  state  that  ：  (1) 
Cokl-clrawn  Muntz  metal  is  obtained  in  the  most  ductile  con- 


ciition  l)v  annealing  at  430 '  C.  for  .3  inontlis.  (2)  It  is 
dangerous  to  anneal  between  750  (，.  hixJ  HOO  1  (，.，  lte<  ;msL'  tin.- 
fi  crystals  are  liable  to  become  enveloped  wiili  a  struct  ural 
arrangement  conducive  to  brittleness  in  both  chilled  and  ； iir 
cooled  material.  ( ) 上 J  eat  ing  to  between  80()  C.  and  8'"》(  >  C.， 
followed  by  quenching,  leaves  the  metal  as  homogeneous  f]  ron 
stituent,  which  has  a  tenacity  of  about  29  tons  per  square  inch. 
ms  compared  with  26  tons  per  square  inch  in  the  metal 
annealed  at  500°  C.，  with  an  elongation  of  25  per  cent,  in  2in. 
(4)  Heating  to  between  800°  C.  and  833°  C:  and  cooling  in  air 
leaves  the  metal  almost  as  good  as  it  was  after  annealing  at 
500°  C.，  and  heating  the  metal  at  just  about  800°  C.  causes  it 
to  re-crystallise  into  finer  grains  than  are  formed  at  between 
500°  C.  and  800°  C.  (5)  Brass  is  remarkably  immune  from 
oxidation  during  heating,  and  only  0'8  per  cent,  was  oxidised 
cm  heating  for  48  hours  at  about  860°  C.  compared  with  4  per 
cent,  for  copper  heated  under  similar  conditions.  (6)  It  is 
only  the  zinc  which  is  oxidised  on  heating  Muntz  metal,  and 
the  scale  detached  from  heated  bars  consists  entirely  of  pure 
zinc  oxide. 

What  still  requires  investigation  is:  (1)  The  miniiiium 
percentage  of  zinc,  when  alloyed  with  copper,  which  will  pre- 
vent the  oxidation  of  the  latter  during  heating.  (2)  Whether 
very  prolonged  heating  of  60/40  brass  at  temperatures  below 
470°  C.  will  cause  it  to  become  pure  (3  constituent,  free  from 
a.  (3)  The  correlation  of  the  composition,  physical  proper- 
ties, structure,  and  heat  treatment  of  all  the  useful  brasses. 
(4)  A  similar  research  to  what  has  been  done  on  60/40  brass, 
but  in  which  the  bars  of  Muntz  metal  should  be  heated  before 
testing  for  a  much  shorter  period  than  48  hours. 

The  Development  of  Brittleness  in  Hard-drawn  Brass. — Occa- 
sionally brittleness  in  old  brass  wires  lias,  in  our  experience, 
been  noticed,  and  we  have  never  been  able  to  account  for  it. 
Mr.  P.  Johnson,  when  discussing  the  paper  on  "A  New 
Critical  Point  iu  Copper-zinc  Alloys'"  by  Prof.  H.  C.  H. 
Carpenter  and  Mr.  C.  A.  Edwards,  remarked  that  it  was  well 
known  that  brass  which  has  been  finished  hard  (that  is  to 
say,  hardened  by  mechanical  treatment)  was  susceptible  to 
1 '  age  cracking  "  or  "  secular  brittleness -，，  A  remarkable  ex- 
ample of  this  was  afforded  in  a  specimen  of  hard-drawn  brass 
rod,  which  had  been  used  as  a  conductor  for  high-tension  elec- 
tric current  through  the  concrete  floor  of  one  of  the  Cleveland 
and  Durham  Power  Company's  sub-stations.  After  long  use 
一 about  three  years ― these  rods  began  to  crack.  A  number 
of  them  were  removed  and  a  careful  examination  made.  When 
removed,  the  cracks  were  found  to  be  filled  with  a  bluish-white 
powder,  consisting  of  nitrates  of  copper  and  zinc,  which  had 
been  produced  by  the  effect  of  electrical  discharge  across  the 
air  space  between  tlie  charged  rods  and  the  surrounding  insu- 
lator, which  in  passing  through  the  air  produced  the  higher 
oxides  of  nitrogen,  wliich  then  attacked  the  brass.  This  pow- 
der had  accumulated  in  the  cracks  and  had  evidently  exerted 
pressure,  which  would,  of  course,  tend  to  extend  the  fractures. 
The  portions  of  the  brass  enclosed  by  the  threaded  nuts  on 
eacli  end  of  the  bar  were  perfectly  sound  and  free  from  in- 
cipient cracks — - an  indication  that  the  bar  itself  when  put  to 
use  must  have  been  of  the  same  character.  The  direction 
taken  by  the  cracks  clearly  indicates  that  it  was  along  the 
]>lanes  of  weakness  produced  by  cold  drawing,  for  tliey 
travelled  iu  such  a  way  as  to  })roduce  tlie  well-known  cup  and 
cone  fracture,  often  seen  in  so-called  ' '  cuppy  steel  wire" — 
sometimes  the  result  of  overdrawing.  Overdrawing  leaves 
the  metal  weak  along  conic  siir faces,  and  wlien  the  reduction 
oC  area  is  too  great,  fractures  of  the  cup  and  cone  type  occur 
whcMt  passing  through  the  draw  plate.  If  the  reduction  of 
area  is  just  iivsufficient  to  cause  rupture,  the  internal  stresses 
川 ust  be  excessive.  Tlie  conductor  rods  when  in  use  were  in 
'd  constant  state  of  tremor,  and  there  can  be  no  doubt  tliat 
where  tliey  were  not  securely  held  at  the  ends  by  the  scrcwcfl 
nuts,  this  tremor  gave  impetus  to  interna]  rupturing,  and 
eventually  caused  the  rod  to  break  into  pieces. 

The  analysis  of  the  brass  rod  was  as  follows :  Copper 
58.61  per  cent.,  zinc  38'61  per  cent.,  lead  2'40  per  cent.,  tin 
0'25  per  cent.,  iron  0*08  per  cent. — total  99*95  per  cent.  The 
presence  of  lead  is  conducive  to  weakness,  and  it  is  possible 
that  had  lead  been  absent  failure  would  not  have  occurred. 
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T\\v  hardness  by  Brim'll's  iimdiiiic  was  ； i n<l  oil  li";itmg 

to  '  ('-  lor  one  Imur  it  (VII  to  l。"；  lint  ； iHcr  licat  in^  to 
TOO"  ('■  lor  one  itiinitlc  ； i tul  cooling,  iJiis  fell  t(i  77，  or  ； i  (hop  ('I' 
4*2  hardness  (l('"q(n's，  showing  lliai  all  the  h;u*(l ncss  |u(>(liir('(l  hy 
cold  working  was  removed  hy  (his  simple  t rcat -Mcnt ,  ； iii'I  we 
li;iv('  no  (lmil>t  1  li;it  t  lie  rods  Ikhmi  so  heated  lu'toi  r  Ix'iii 二' 

put  iii">  use  Hie  ii"(、ni;il  st  resses  would  ha vt»  h("'，i  <lcs(  iovcI  , 
； i twl  iii  s|"U'  of  the  lead  present  11  ic  i>ars  would  not  have 
l)L,uken  down. 


THE  UTILISATION  OF  SOLAR  ENERGY. 

A  paper  on  the  above  subject  was  read  before  the  Sociei  v  <>l" 
Engineers  (Incorporated)  on  Monday,  the  6th  inst by 
Mr.  A.  S.  E.  Ackennann,  B.Sc,  who  has  been  associated  wit  li 
the  work  (as  joint  consulting  engineer  with  Mr.  C.  T. 
Walrond,  to  the  Sun  Power  Company  and  the  Slauman  Engine 
Syndicate)  for  nearly  four  years.  The  paper  deals  with  the 
whole  of  the  experiments  which  have  been  made  during  the 
tour  years,  and  which  have  cost  about  £30,000.  After 
referring  to  the  principal  workers  in  this  field,  the  author 
gave  determinations  of  the  solar  constant  and  dealt  fully  with 
the  varying  percentages  of  this  quantity  that  were  available 
throughout  the  day  for  power  purposes.  He  then  described 
four  types  of  Shu  man  sun  heat  absorbers,  and  gave  in  great 
detail  the  results  of  his  48  trials  of  these  absorbers,  the  latest 
pattern  (that  erected  near  Cairo,  Egypt)  of  which  gave  a 
maximum  thermal  efficiency  of  no  less  than  40'7  per  cent., 
and  a  maximum  output  of  steam  of  l,4421bs.  per  hour  at  a 
pressure  of  15*81bs.  per  square  inch  absolute.  The  results  of 
these  types  of  absorbers  were  compared  by  means  of  tables 
and  curves,  and  from  these  the  author  had  constructed  a 
formula  by  means  of  which  it  was  easy  to  calculate  for  a  given 
type  and  size  of  absorber  the  total  output  of  steam  per  hour 
if  three  things  were  known  ：  (1)  the  time  of  day  ；  (2)  the 
humidity  ；  and  (3)  the  steam  pressure.  It  had  been  known 
that  humidity  adversely  affected  the  quantity  of  solar  radia- 
tion arriving  at  the  earth's  solid  surface,  but  this  was  the 
first  time  that  its  effect  on  solar  steam  production  had  been 
quantitatively  determined. 

The  difference  between  the  thermal  efficiency  of  the  solar 
boiler  and  the  commercial  value  of  the  steam  produced  was 
brought  out,  the  author  making  it  clear  that  in  the  case  of 
such  low-pressure  boilers  a  high  thermal  efficiency  was  not 
necessarily  the  same  thing  as  the  most  economical  conditions 
of  working,  and  he  showed  that,  up  to  a  certain  limit,  the 
higher  the  steam  pressure,  the  more  economical  the  working, 
though  the  thermal  efficiency  was  then  lower.  Two  of  the 
types  of  absorber  did  not  move  with  the  sun,  and  one  did. 
The  greater  constancy  of  output  of  steam  in  the  case  of  the 
latter  was  very  marked.  In  order  to  utilise  tlie  low-pressure 
steam  economically,  Mr.  Frank  Shuman  designed  a  special 
engine  which  had  also  gone  through  several  stages.  This 
engine  was  fully  described  with  drawings  and  the  author  gave 
the  results  of  his  14  trials  of  the  several  engines  and  compared 
their  results  with  those  of  exhaust  steam  turbines  and  tlie 
low-pressure  cylinders  of  compound  and  triple-expansion 
engines,  showing  that  the  Shuman  engine  was  the  more 
economical.  The  steam  consumption  of  one  of  these  engines 
was  only  '2*2' 1  lbs.  per  brake  horse-power  hour,  when  the  output 
was  94*5  b.h.p.,  and  the  steam  pressure  only  16'21bs.  per 
square  inch  absolute.  The  thermal  efficiency  of  the  engine 
compared  with  an  engine  working  on  the  Rankine  cycle  was 
54*75  per  cent.  In  the  case  of  a  Shuman  high-pressure 
noii-condeiisiiig  engine  with  an  output  of  二)9  l>.h.p.，  t  lie  st  eani 
consumption  was  23' 8 lbs.  per  brake  horse-power  hour  and  tlie 
I'eUitivc  thermal  efficiency  71'7  ])er  cent.  Finally,  tlu'  author 
\'c  1  lie  results  of  his  trials  of  the  complete  sun  power  irriga- 
tion plant  at  (1airo,  and  described  his  design  of  a  special  form 
of  weir  tank  for  measuring  greatly  diirering  quantities  of 
water. 


International  Congress  of  Consulting  Engineers. ― We  are  in 

formed  that  the  second  International  Congress  of  Consulting 
Engineers  is  to  be  held  in  Berne,  Switzerland,  from  J ulv  I  at  h 
to  July  22nd.  The  first  was  held  last  vear  in  Ghent,  Bel- 
gium. It  is  proposed  to  hold  tlie  third  in  San  Francisco  in 
September,  1915. 


THE  ELASTICITY  AND  ENDURANCE  OF  STtAM  PI  PES. + 

II V  <  .  K.  STUOMKYKIt. 

I n  l(J()fJ  I  r'';i(l  ； i  |>;i |>fM'  I re  lliis  iiistiUiti (川  on  •'  S" '；， m 
Pipe  Explosions 】 io  r  li;'mm'  r，''    ill    whir  h  tin- 

nature  of  about  H>()  ni  tliese  expNi-ions,  as  ropoi  I'v  I  In- 
Boa rd  of  Trade  Surveyors,  was  analysed.  I  m  tin*  '  ,'1 
paper  it.  is  proposed  to  cxteiid  t  Im-  ciujini  v  into  t  iic  ran"'  <>i 
steam  pipe  failures  by  dealing  with  aiiollier  hatrh  of  ahnnt 
100  reported  explosions  which  lia vc  been  attributed  to  I'al  i^im- 
and  to  want  of  elasticity,  though  it  may  have  to  he  aclmi，t'  (l 
tliat  bad  material  and  workmanship,  including  in jinliriou -  or 
unnecessary  annealing,  have  occasionally  either  accelerated  t  lie 
failures  or  have  been  their  cliief  causes. 

In  dealing  with  this  subject  it  will  first  of  all  he  neressary 
to  fix  on  a  standard  of  comparison  for  the   fatigue  st n-  <■ 
wliicli  may  have  caused  the  failures  ；  but  in  order  not  to  rom 
plicate  this  subject,  and  also  because  definite  information  is 
not  available,  it  will  for  the  present  be  assumed  t  ii;it  (； u('、l  、 
law  for  steel  also  applies  to  copper,  which  means  that  the 
circu mferential  stresses  in  pipes,  due  to  internal  steam  pres- 
sures, do  not  affect  the  bending  stresses  which  in  the  cases 
under  consideration  have  caused  the  fractures.    Then,  ； '1、''. 
nothing  is  as  yet  known  about  the  influence  of  temperat  m  ^ 
on  the  power  of  copper  to  resist  fatigue  stresses,  though  it  i、 
probable  that  it  has  a  weakening  effect  ；  but  temperat  urc  ：\ \ 
increases  the  elasticity  of  copper,  so  that  as  regards  deforma- 
tions due  to  fatigue  stresses  no  serious  error  will  be  committed 
by  leaving  these  two  temperature  influences  out  of  account. 

According  to  experiments  which  were  mentioned  by  me 
in  the  discussions  on  Dr.  Stanton's  paper  ( Pror.  I  nst .  ('ivil 
Engineers,  1911,  Vol.  CLXXXVI1I.,  page  35)  and  on  M('、、i、. 
Eden,  Rose,  and  Cunningham's  paper  (Journal  I  nst .  M('(1k"i】 
cal  Engineers,  1911，  Vols.  IIT.  and  IV.,  page  881),  tlu' 
relationship  between  the  fatigue  stresses  (士 and  the  ihimi- 
ber  (N)  of  the  stress  cycles  (revolutions)  which  cause  fracture 
is  expressed  by  the  formula —— 

士  S=  F/  +  C  (10,;:N)^. 

Here  C  is  a  constant  depending  on  the  nature  of  the 
material  and  Ft  is  the  fatigue  limit  of  the  material.  Hot  h 
F/  and  C  had  been  obtained  by  breaking  a  nu niher  of  >a m | 
by  fatigue  stresses,  and  marking  off  the  test  results  on 
diagrams  in  which  the  ordinates  were  spaced  so  as  to  repre- 
sent (10,: :  N)1.  The  test  results  were  then  found  to  lie  on 
straight  lines  which,  wlien  prolonged,  cut  the  zero  ordinate 
at  the  heights  F/，  which  were  then  adopted  as  being  the 
fatigue  limits.  These  tests  could  naturally  not  have  been 
continued  to  an  infinite  number  of  revolutions,  and  there  was 
therefore  no  absolute  certainty  that  this  exterpolated  fatigue 
limit  was  a  reality  until,  by  improved  methods  of  testing- 
this  point  was  firmly  established.  In  other  words,  niorr 
recent  experiments  have  demonstrated  the  fact  that  tlie  above 
formula  applies  not  onlv  witliin  the  range  of  previous  ex|>'  ri 
inents,  say,  from  two  thousand  to  20  million  alternations  of 
stress,  but  also  to  an  infinite  nurnber.  Wohle r's  experiments 
and,  ill  fact,  all  past  experiments  which  liave  been  exarninrd, 
confirm  the  above-mentioned  formula.  His  experi?iit»nts 
confine  themselves  to  steels,  except  one  solitary  series  of  tr>t 
on  wrought  iron,  but  they  have  been  extended  by  me  so  as 
to  embrace,  at  least  as  regards  torsion  fatigue  tests,  about  5'» 
different  qualities  of  steels  and  steel  alloys,  cast  and  wrought 
iron,  nickel,  copper,  aluminium,  |)lios])hor-broiiz(*,  ma 乂 nalim", 
and  otlier  alloys,  and  in  all  cases  the  test  results  harmontscti 
with  the  above  formula  ，  whioli  may  therefore  he  accepted  hs 
being  correct.  A  matter  of  even  greater  iinportanre  than  tlu' 
general  form  of  the  formula  is  that  tlie  fatigue  limit  can  now 
be  expeditiously  detennined  with  greater  ati'urarv  even  tlian 
the  static  tenacity.  In  one  case  iUs  extreme  values  amongst 
eight  test  pieces  cut  from  one  crank  shaft  differed  hv  1《',、、 
than  士  0  4  per  cent,  of  the  mean  value. 

Unfortunately  no  bending  fatigue  tests  have  been  carried 
out  on  copper,  but  this  omission  will  be  made  good  in  the  near 

*  Paper  read  at  tlie  spring  mertiuKs  of  (lit-  tift>  -fifth  s,e»iun  of  iUv  Iiwuut"'n 
of  Naval  Architects.  A] nil  Jiul.  ly". 
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future,  and  the  determination  of  the  fatigue  stresses  wliich 
caused  fractures  in  copper  pipes  will  therefore  have  to  be 
based  on  deductions  drawn  from  a  few  torsion  fatigue  tests 
on  copper  bars  which  are  summarised  in  the  following  for- 
mulae, in  which  士  S,  is  the  alternating  shearing  stress  due 
to  torsion  strains  which  causes  failure  at  the  Nth  revolution. 

Copper  bar  as  rolled    士 St=5'4  +0-37  (106  ：  N)l 

Copper  bar  as  rolled    士 St=5.6  +0-51  (106  ：  N)i 

Ditto,  mean  of  above    士 St=5'5  +0-44  (106  :  N)J 

Copper  bar  annealed  in  vacuo  ..  士 St=2. 55+0.87  (106  :  N)* 
Ditto,  annealed  and  chilled  in  water  土 St=2'69+0'97  (106  :  N)* 

It.  having  been  found  that  on  an  average  the  bending  fatigue 
limit'  for  steel  is  about  60  per  cent  higher  than  for  torsion, 
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Table  I. 


Basic  Steel. 

Fatigue  limit. 

Tons 
per  square  inch. 

Values  of  C. 
Tons 
per  square  inch. 

»o  Oi  —  1、 
寸 CO 寸寸 

10-31 

4-33 

qualities,  which  contain  about  0*20  per  cent,  carbon.  This 
is  due  to  the  presence  of  varying  percentages  of  nitrogen, 
which  element  has  a  tenfold  greater  influence  than  carbon  on 


the  last  of  the  above  torsion  fatigue  limits  may  reasonably  be 
increased  from  2*69  to  4*30  tons  per  square  inch  for  the  bend- 
ing fatigue  limit  for  copper,  and,  seeing  that  the  same  com- 
parative tests  on  steels  show  that  the  value  of  C  for  bending 
is  three  and  a  half  times  as  great  as  that  for  torsion,  the 
value  of  C  =  0'97  may  be  increased  to  3'4  tons  per  square  inch 
and  the  formula  for  the  bending  fatigue  stresses  of  copper  is 
probably 

士  Sb  =  4'3  +  3'4  (10r,:N)^. 
Seeing  that  wrought  iron  and  mild  steel  pipes  are  now  largely 
used  on  steamers,  formulae  for  their  bending  fatigue  stresses 
will  also  be  of  interest.  Amongst  my  own  tests  I  find  the 
following  results  for  basic  steel,  which  is  the  quality  of  which 
many  welded  steel  pipes  seem  to  be  made. 

It  will  be  noticed  that  the  fatigue  limit  for  the  softer 
qualities  of  basic  steel,  which,  contain  about  O'lO  per  cent, 
carbon,  are  not  necessarily  lower  than  those  for  ordinary  mild 


the  fatigue  limit.  The  fatigue  limit  for  cast  steel  is  only  a 
little  higher  than  the  above,  viz.,  about  12  to  13  tons  per 
square  inch.  The  formula  for  the  bending  fatigue  stresses  of 
mild  steel  may  therefore  be  written ― 

士  Sb=  10.30  +  4.33  (106:N)^. 

Only  one  set  of  bending  fatigue  tests  has  yet  been  carried 
out  on  wrought  iron  (by  Wbhler).  The  results  can  be 
expressed  by  the  formula — 

士  Sb=  6-73  +  4-43  (10r,:N)^ 

Amongst  the  Board  of  Trade  reports  on  steam  pipe 
failures  there  are  none  which  may  be  attributed  to  fatigue 
of  mild  steel,  but  there  are  a  fairly  large  number  of  failures 
of  copper  pipes,  of  which  a  few  are  capable  of  being  analysed 
with  the  help  of  the  above  formula.    The  following  are  the 
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report  numbers  of  the  failures  in  question.  Failures  said 
to  be  due  to  vibrations : — 

Straight  Pipe.s,—Nos.  948,  1,113. 

L  Bends  like  Fig.  6.— Nos.  453,  854，  945,  958，  1,024,  1,049, 
1,057，  1,095,  1,111,  1,164,  1,181,  1,187,  1,207,  1,291,  1,296, 
1,491,  1,516,  1,611,  1,688,  1,904,  1,941,  1,954. 

U  Bnfds  like  Fig.  10，  without  Central  Brancli.  Nos.  480， 
1,011，  1,021,  1,069,  1,172,  1,185,  1,313，  1,426,  1,435，  1,501, 
1,922,  2,105. 

U  Btnds  with  Central  Main  Pipe,  like  Fig.  10.— Nos. 
970,  992，  1,015,  1,036,  1,696. 

S  Bends  and  also  two  L  Bends  placed  at  right  angles  to 
each  other.— Nos.  657,  718，  749，  772,  775，  915,  1,290,  1,527, 
1,654,  1,709,  1,926,  1,993. 

I':  I  p(w"(m  Beiuh  with  Straight  Lengths. ^ Nos.  767,  943, 
1,616，  1,651,  1,795,  1,852,  1,895,  1,931. 

The  following  failures  are  probably  due  to  looseness  of  the 
engine  or  the  boilers  : — - 

Engine  S eatings  Loose.— Hos.  742，  833，  1,013,  1,160，  1,355， 
1,443,  1,666,  1,922，  】，964，  2,021,  2,088.  In  these  cases  it 
is  probable  that  the  movements  were  both  as  large  and  as 
numerous  as  the  revolutions  o f  tlie   engines,   wliich    on  ait 


value  of  C  =  3'4  tons  per  s(|iiare  inch  per  1 ,000,000  revs,  is  too 
liigli,  or  that  the  copper  was  of  a  harder  quality  than  usual. 

Amongst  the  200  cases  of  Ktearn  pipe  exploHioun  report *  W 
on  by  the  Board  of  Trade,  only  three  reports  have  been  found 
in  which  measurements  of  movements  which  may  hav" '  ' 
the  failures  are  given.  Report  No.  1,467  mentions  that  the 
boiler  rolled  I'm.  Report  No.  1,296  mentions  that 
when  getting  up  steam  the  length  between  the  two 
valves  (no  dimensions  given)  shortened  by  0'47inM  and 
the  difference  of  level  between  tlie  two  valves  altered 
by  0'44in.,  the  boiler  top  having  risen  ^in.  as  com- 
pared with  the  ship's  structure  and  tlie  engine  stop  valve, 
which  had  risen  》in.  The  history  of  this  pipe  is  intereHting. 
It  was  made  of  solid  drawn  copper,  and,  fitted  in  July,  1899, 
it  cracked  near  its  flange  17/1/1900  (5J  months'  interval). 
The  cracked  end  was  cut  off  and  replaced  by  a  sleeve,  wliif-h 
cracked  nine  hours  after  lighting  fires.  A  new  sleeve  of 
thicker  copper  (^in.)  was  now  fitted,  wliich  ran,  say,  fro'ii 
the  end  of  February  to  July  30tli,  1 900  (about  5  montlis),  aii'l 
cracked.  A  new  pipe  with  a  larger  bend  was  now  fitted 
(August,  1900),  but  it  burst  on  December  12，  1900  (say,  four 
months),  and  killed  three  men.    An  expansion  gland  wa-  how- 


Table  II. ― Ihf'utmfnl  Fdtitjut  Stn-sst's  intf/cr  uhich  〃'- /■/,〃•〃  (fopprr  〃/•/〃.、■  affrr  X  〃//〃////"//.、- 


Kstimatwl 

llcport  Number. 

Age  at  Time 

Assumed    No.  of 

(10G  :  N)* 

Fatigue  Stresses. 

Remarks. 

of  Fracture. 

Revolutions. 

Tons  per  sq.  in. 

Failures  duo  to  Vibrations  of  the  Engines. 

058  (1) 

12  months 

15,000,000 

0-505 

6-02 

Starboanl  pip". 

058  (2) 

25  niontlis 

31,000,000 

0-423 

5-74 

Port  pijic. 

1,049  (1) 

2^  years 

40,000,000 

(»':i"7 

5*(i5 

First  failure. 

1,040  (2) 

1  year 

15,000,000 

0-505 

(i-02 

S'  r'md  failure. 

1,181  (1) 

10  ycais 

150,000,000 

0-285 

r>-27 

I'iist  failure. 

1,181  (2) 

24  hours 

K,i，000 

1-846 

Heavy  weatlicr. 

1.954  (1) 

8  J  years 

120,000,000 

6 

First  failure. 

1,954  (2) 

4  hours 

14,000 

2-900 

13-85 

Engines  racing. 

Failures  <lu( 

； to  Loose  Engine  S eatings. 

1,355 

35  months 

44,000,000 

0-388 

5' 62 

Long  bend. 

1,543 

4  years 

60,000,000 

0-359 

5-52 

U  hi'iid  secured  lo  deck  beam. 

2,021 

3  years 

45,000,000 

0-380 

5-01 

Long  bend. 

average  may  be  assumed  to  be  60  per  minute  for  six  months 
per  annum. 

Boilers  />oo.^.— Nos.  543，  728,  1,210,  1,467.  In  these  cases 
it  is  probable  that  the  movements  were  large  but  few,  and  the 
empirical  rule  for  fatigue  stresses  does  not  apply. 

Relative  movement  between  boilers  or  engines  and  the 
ship's  structure.    Nos.  1,268,  L543,  1,291,  2,176. 

Sliftff  Broke  (uhI  Eiujhn'  Rnvvtl  \'ifthnt!t/. ― No.  1,216. 
This  pipe  had  many  bends,  otherwise  the  stresses  might  have 
been  estimated. 

Most  of  the  above-mentioned  cases  cannot  profitably  be 
analysed  on  account  of  complexity  of  form  and  absence  of 
details.  However,  Nos.  958，  1,049,  1,181,  and  1,954  of  tlie 
first  group  and  Nos.  1,355,  1,543,  2,021  of  the  second  group 
are  suitable  for  this  purpose.  It  will  first  of  all  be  necessary 
to  obtain  an  approximate  estimate  with  the  help  of  the  above 
fatigue  stress  formula  for  annealed  copper  as  to  the  intensi- 
ties of  the  fatigue  stresses  which  caused  the  failures,  and, 
subsequently,  these  stresses  will  be  used  for  estimating  the 
probable  relative  movements  of  the  ends  of  the  failed  pipes. 

Tlie  estimated  fatigue  stresses  which  fractured  the  above- 
mentioned  ten  pipes  are  contained  in  Table  II.  As  already 
mentioned,  no  allowances  have  been  made  for  tlie  intenwi  1 
steam  pressures  and  their  temperatures,  though  it  may  be 
mentioned  that  with  the  exception  of  2,021,  for  which  the 
steam  pressure  was  2001bs.  per  square  inch,  the  pressures  in 
all  the  cases  were  1601bs.  per  square  inch.  Case  No.  1,954 
(2)  deserves  special  attention,  for  the  estimated  fatigue 
stresses  are  approximately  equal  to  the  static  tenacity  of 
copper.  The  very  fact  that  this  pipe  withstood  these  alter- 
native stresses  for  four  hours  suggests,  either  that  the  adopted 


fitted,  but  it  did  not  work,  and  the  pipe  cracked  again  ( no 
data  given).  The  crack  was  repaired  and  the  ^land  made 
workable. 

These  several  failures  seem  to  have  been  due  not  to  fre- 
quent movements  associated  with  the  revolutions  of  the 
engine,  but  to  steady  stresses  caused  by  tlie  differcurc  of  ex 
pansion  of  the  boiler  and  engine,  intensified  no  doubt  by  tlie 
vibrations  of  the  engine.  No  experimental  data  as  to  the 
endurance  of  copper  under  these  conditions  are  yet  a vailaltlr. 
No.  1,318  reports  that  the  boiler  top  rose  up  and  the 

engine  -]in.  due  to  the  raising  of  the  steam  pressure,  the  two 
boilers  separated  by  |in.,  and  the  distance  between  tlie 
engine  and  one  boiler  stop  valve  was  reduced  hv  {\-  '\n.  I  n 
this  case  the  explosion  was  due  to  imperfect  brazing  of  one 
of  the  flanges. 

In  order  to  understand  the  stresses  which  arise  when  pipes 
are  strained,  tlie  several  possible  deformations  of  straight  and 
curved  pipes,  as  represented  in  Figs.  1  to  5，  have  been 
expressed  mathematioallv  in  Table  III. 


Table  III.  (/，'.'/■、•. 


Kstiinakil 

Estimated  Displacements. 

Inclinations. 

Sr. 

«y. 

0«  OQ  05  35  « 

+M.L:E.I  .. 
+  J  Y.LJ:E.I 

+|jtM.  r ： e.  i 

-0-571  X.R2:E.I 
+Y.  Ra:E.  1  •• 

-0-571  M.R2:E.  I 
+0- 356X.R*  :  E.  I 
-i  Y  Rs  :  E  .  I  .... 

+  1M.  L!:  E.  I 
+  1  Y.L»:E.  I 
+  M.  R':E.  I 
- JX  .  R»  :  E  .  I 
+JirY.  R»:E.  I 
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M  is  the  external  l)oiuling  mo:iteiit  shown  in  Figs.  1 
and  3. 

X  is  the  external  horizontal  puil  sliowti  in  Fig.  4. 

Y  is  the  external  vertical  pull  shown  in  Figs.  2  and  5. 

E  is  the  modulus  of  elasticity.  Say,  13,000  tons  per  square 
inch  for  wrought  iron  and  steel,  8,300  for  copper,  and  4,500 
to  8,000,  or,  say,  6,000，  for  cast  iron. 

I  is  the  moment  of  inertia  of  the  section  of  the  pipe,  and 
is  equal  to  (D4  -  d4)  tt  :  64,  where  D  is  the  external  and  (J  the 
internal  diameter  of  the  pipe. 

Sb  the  maximum  bending  stress  for  any  moment.  M  is 
I  M  .  D :  I,  which  expression  can  be  introduced  in  the  for- 
mulas when  the  movements  produced  by  X  and  Y  are  known. 

a，  8  xy  and  8  y  are  the  acquired  inclination  and  the  dis- 
placements of  the  ends  of  the  pipes  (we  Figs.  1-5). 

One  application  of  these  formulae  can  be  illustrated  with 
the  help  of  Fig.  6，  which  represents  half  a  'U  bend.  Assume, 
as  was  the  case  in  Prof.  Bautlin's  experiments,  which  will 
shortly  be  dealt  with,  that  the  flange  A，  which  is  the  middle 
of  the  bend,  is  a  fixture,  and  that  a  pull  X  is  acting  horizon- 
tally on  the  flange  C.  Then  the  bending  of  B  C  is  the  same 
as  that  in  the  curved  pipe  in  Fig.  4，  X  being  applied  as  in 
that  figure.  The  bending  of  A  B  is  represented  by  the  two 
cases  Figs.  3  and  5，  M  being  equal  to  X  R,  and  Y  equal  to 
X.  Then  the  acquired  inclination  a  of  the  flange  B  is  as  per 
third  and  fifth  line  of  Table  III.— 

a-(i  tt  R  .  X  .  R  +  X  R'-):E  .  1  =  2'571  X  .  R-  ：  E  .  I, 
The  displacement  △  of  the  flange  C  is  the  sum  of  the  dis- 
placement 8  .v  of  Figs.  3  and  5，  of  8  x  of  Fig.  4，  and  of  the 


CENTRAL  EXHAUST  STEAM  ENGINES. 

The  accompanying  illustrations  show  cliagrain n  atically  two 
arrangements  of  steam  engine  cylinders  provided  with  central 
exhaust,  the  invention  of  Mr.  P.  Smal，  Couth uin,  Belgium. 
In  Fig.  1  the  central  exhaust  is  controlled  by  the  engine  piston 
and  in  Fig.  2  by  a  rotary  valve.  The  engine  is  arranged  to 
work  non-condensing  or  condensing,  either  by  means  of  the 
central  exhaust  ports  only  or  by  means  of  the  combined 
central  exhaust  and  slide  valve  exhaust,  or  it  may  work  by 
its  central  exhaust  with  a  clearance  reduced  to  a  minimum 
during  the  admission  period  and  enlarged  during  the  com- 
pression period. 

Referring  to  Fig.  1  the  long  piston  B  in  the  cylinder  A 
controls  the  central  ports  C.  The  steam  admission  is  per- 
formed by  the  cylindrical  slide  valve  D，  comprising  two 
balanced  pistons  between  which  a  chamber  H  is  provided. 
The  admission  is  controlled  as  usual  by  the  outer  edges  of  the 
pistons,  whilst  the  exhaust  is  controlled  by  the  inner  edges. 
E  is  a  duct  through  which  the  exhaust  steam  is  discharged 
into  the  atmospliere  or  into  a  condenser.  This  duct  may  be 
closed  at  will  by  means  of  the  stop  valve  F.  The  device  works 
as  follows  ：  When  the  engine  is  running  in  the  usual  manner 
the  stop  valve  F  is  closed  and  the  steam  escapes  through  the 
central  exhaust  port  C  ；  the  clearances  having  been  calculated 
in  order  to  be  as  small  as  possible.  But  if  the  engine  works  con- 
densing (the  clearances  being  reduced  to  a  minimum),  it  may 
in  certain  cases  be  necessary  to  work  non-condensing.  In  such 
cases  the  central  exhaust  arrangement  cannot  be  used  owing 


Fig 


Central  Exhaust  Steam  Engine. 


product  of  the  inclination  a  into  tlie  radius  R  of  the  bend 
BC— 

A  =  (X.  R'  + 0-785  X  .  R-'-f  0-356  X  .  R'  +  2-571  X  .  Rs) ： 
E.I  =  4n3X.R'\E.I. 

The  bending  moment  at  A  is,  of  course,  2  H.R，  and  this 
is  equal  to  S  .  I :  ^  D ,  where  D  is  the  external  diameter  of 
the  pipe.  On  replacing  I  by  X  2  R  .  D  :  2  S,  the  stress  S  at 
the  flange  A  can  be  expressed  in  terms  of  the  displacement 

A— 

S  =  A  •  K  ■  E  :  4-712 
For  copper  the  value  of  E  is  about  8,300  tons  per  square 
iiir-li,  so  t liat  for  pipes  of  this  material  S~  1,750  A.D:!!2, 
and,  assuming  4'3  tons  per  square  inch  as  being  the  fatigue 
limit  for  copper,  the  maximum  permissible  movement  of  half 
a  copper  (J  bend  (Fig.  6)  should  not  exceed 
Ae  =  R":405D. 

For  steel  and  wrought   iron   E  ―  13,000,    and  therefore 
S  =  2,750  A.D:R2，   and,  assuming    the    fatigue    limit  for 
\vr(mglit,  iron  to  be  6' 75  tons  per  square  inch,  we  have 
△  i  =  R2  ：  410  D  for  wrought  iron. 

Assuming  a  fatigue  limit  of  10*3  tons  per  square  inch  for 
rnild  steel,  we  have 

As=  R"  ：  2i.5  D. 
Tims  a  U   l>end  (Fig.  7)  of  8in.  diam.  and  8ft  liigh,  wliich 
t or/us  part  of  a  lon^  length  of  pipe,  will  take  up  the  follow- 
ing expansion  movements  without  injury  to  itself  ：  l*40in.  if 
of  i-o|)])Pl-(  if  of  wrou^lit  iron,  and  2'20in.  if  of  mild 

cteeL 

(To  be  con titn tied.) 


to  the  resulting  high  pressure  within  the  very  small  clearances. 
By  lifting  the  valve  ¥  the  exhaust  steam  will,  however,  escape 
into  the  atmosphere  through  the  slide  valve  with  a  resulting 
compression  which  is  always  lower  than  that  from  the  central 
exhaust.  On  the  other  hand,  when  the  motor  works  condens- 
ing and  with  central  exhaust  only,  that  is  to  say,  when  the 
valve  F  is  closed,  it  is  obvious  that  during  the  long  compres- 
sion of  the  central  exhaust,  the  whole  chamber  H  between 
both  pistons  D  is  added  to  the  clearance  of  the  cylinder  until 
both  pistons  D  close  the  ducts  between  the  cylinder  and  space 
H.  In  such  cases  the  long  compression  resulting  from  tlie 
central  exhaust  is  reduced  according  to  the  size  of  the  space 
J i,  without  increasing,  at  the  beginning  of  the  admission 
period,  the  clearance  of  the  cylinder  and  its  cooling  surfaces. 
Engines  provided  with  central  exhaust  may  thus  work  with 
low  admission  pressure  by  reducing  to  a  minimum  the  clear- 
ance of  the  cylinder.  The  steam  contained  in  the  chamber  H 
during  the  compression  period  escapes  during  the  following 
stroke  of  the  piston,  wlien  the  slide  valve  again  connects  the 
chamber  H  with  the  cylinder,  and  tlie  steam  may  work  use- 
fully within  the  cylinder,  provided  the  connection  is  estab- 
lished again  before  tlie  central  exhaust  takes  place.  This 
may  be  obtained  by  shortening  or  eliniinating  tlie  inside  laps 
of  the  pistons  of  the  slide  valve  D. 

Tn  Fig.  2  tlie  central  exliaust  of  the  cylinder  J  is  sliown 
at  K  ；  the  exhaust  is  controlled  by  means  of  a  rotary  valve  L, 
wliich  opens  and  closes  the  ports  K  in  order  to  produce  tlie 
exliaust  lead  and  tlie  compression.  A  balanced  slide  valve 
M  is  provided  at  each  end  of  the  cylinder  J  and  controls  a 
port  N  connect  in^  tlie  slide  valve  with  the  corresponding  side 
of  the  cylinder.     Tlie  edgo  O  of  the  piston  of  the  slide  valve 
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M  effects  the  admission  whilst  the  exhaust  is  effected  by  means 
ecl^e  P  of  the  piston.  Tlio  oxiiausf  (屮 f'ra"'(l  hy  the 
slide  valve  is  cont  rolled  by  a  stop  valve  Q,  whirl!  is  sliown  in 
the  closed  position.  The  exhaust  steam  f'.mii  the  central  ex 
Imiist,  flowing  through  pipe  S  and  the  exhaust  steam  fi'oni  the 
slide  valve  exhaust  flowing  through  pipe  T  is  collecled  in  ilu1 
pipe  R  which  opens  into  the  atmosphere  or  into  t  lie  '  mi 
denser.  The  working  of  tliis  arrangemeni  is  similar  in  tlio 
,one  previously  described. 


INSTITUTION  OF  NAVAL  ARCHITECTS. 

The  spring  meetings  of  the  Institution  of  Naval  Architects 
opened  on  Wednesday  last  week  in  the  hall  of  the  Society  of 
Arts,  Ad  el  phi,  London.  The  Marquis  of  Bristol,  who  pre- 
sided, was  re-elected  president.  The  annual  report  of  the 
Council  for  the  past  year  recorded  a  further  increase  in  tlic 
membership  of  the  Institution.  A  cordial  invitation  had  been 
received  from  the  North-east  Coast  Institution  of  Engineers 
and  Shipbuilders  to  hold  a  summer  meeting  in  Newcasl  ]*■- 
upon-Tyne  this  year,  which  the  Council  had  accepted.  The 
Institution  of  Engineers  and  Shipbuilders  in  Scotland  will,  it' 
is  understood,  also  take  part  in  this  meeting.  The  Elgar 
Scholarship  for  1914  was  awarded  last  summer  to  Mr.  R.  J. 
Monk,  of  H.M.  Dockyard,  Chatham,  but  on  his  appointment 
to  an  Admiralty  Cadetsliip,  the  scholarship  was  given  to  the 
second  candidate  in  order  of  merit,  Mr.  F.  W.  Thome,  of 
H.M.  Dockyard,  Port 纖 out'Vi.  The  Post- Graduate  Scholar- 
ship in  Naval  Architecture  liad  this  year  been  awarded  to 
Mr.  C.  Frodsham  Holt,  of  Liverpool  University.  The  annual 
gold  medal  and  premiunis  foi'  the  past  year  had  been  awarded 
as  follows  :  The  gold  】nedal  to  Mr.  G.  S.  Baker,  late  R.C.N. C, 
for  his  paper  on  "  Methodical  Experiments  on  Mercant  ile 
Ship  Forms.'"  Preniimiis  to  Mr.  A.  Cannon,  for  his  paper  on 
" The  Effect  of  Loose  Water  upon  the  Rolling  of  a  Ship  '， 
and  to  Mr.  L.  Woollard,  R.C.N.C.,  for  his  paper  on  "  The 
Effect  of  Water  Chambers  on  the  Rolling  of  Ships."  Tlie 
movement  set  on  foot  last  year  for  the  establishment  of  a 
permanent  memorial  to  the  late  Sir  William  White  had  met 
with  a  satisfactory  response.  A  general  committee  had  been 
formed,  with  Earl  Brassey  as  chairman,  aiul  a  total  of  over 
£2,200  had  been  subscribed  or  promised  ；  the  committee  were 
now  considering  the  form  which  the  memorial  should  take. 
The  results  of  the  elections  to  the  Council  were  intimated  by 
the  secretary,  Mr.  Dana.  Mr.  R.  Saxton  White  had,  it  was 
stated,  been  appointed  a  vice-president.  The  [oliowing  had 
been  elected  to  the  Council  to  represent  ordinary  members  : 
Prof.  Abell,  Mr.  C.  Buchanan,  Mr.  James  Gilchrist,  Mr. 
James  Hamilton,  Dr.  G.  B.  Hunter,  Mr.  W.  J.  Luke,  Mr- 
Herbert  Powell,  Mr.  A.  E.  Seaton,  and  Mr.  W.  H.  Whiting. 
The  successful  candidates  for  the  representation  of  associate 
members  had  been,  it  was  announced  :  Prof.  Dalby,  Admiral 
Sir  H.  B.  Jackson,  and  Mr.  Alexander  Richardson. 

The  Marquis  of  Bristol,  in  the  course  of  his  presidential 
address,  said  that  the  Institution's  record  of  work  accom- 
plished during  the  past  year  had  been  characterised  by  con- 
siderable activity.  The  world-wide  interest  taken  at  t he 
present  time  in  questions  relating  to  shipbuilding  was  a 
significant  proof  of  the  deep  and  far-reaching  influence  exerted 
by  this  hvn  ncli  of  engineering'  upon  the  commercial  and 
industrial  development  of  nations.  Our  leaders  of  science 
were  constantly  clamouring  for  more  ample  resources,  not 
only  to  carry  out  research  work,  but  also  to  discover  and 
enoourage  talent,  and  to  train  the  men  to  whom  tlie  fut uve 
looked  to  carry  on  the  great  work  of  the  masters  of  t  lie  past . 
Every  civilised  country  now  recognised  the  need  of  siuli 
assistance,  and  many  foi'ei^n  Governments  contributed  more 
liberally  than  ours  in  nropoil  ion  to  tlie  exi  ent  of  t  heir 
in(histri;il  interests  ；  indeed,  the  t'uiitls  allocated  to  Midi  "ur 
I'oses  did  not  by  any  means  correspond  1  o  the  wealt  li  oi'  \  he 
nation,  or  to  t he  inipoi'tance  of  the  interests  at  st ako.  M m  il 
had  been  ilono  in  tlie  past,  hut  still  moio  remained  t (t  l>e  1 1 < ) n e . 
LoihI  1  lahhnie,  in  :i  recent  art  irle,  hud  >[  at  (h1  t  liat  lOiiLi  land 
was  nearer  tliree  decades  than  one  liehind  U>tli  ( lermanv  and 
the  United  States  iti  the  rpin^iiit ion  of  t li^  value,  ami  in  its 


provision,  of  ( lio  app.-n  at  us  of  sci(*til  i(i<-  ir:-t  r'."  l  ion  ami 
resean  li.  Lonl  I  laldanc  h.-ul ,  nn  <loui>t,  cirefully  Mu'!"'<l  tlii、 
(jueslion,  hot  li  in  t  lii^  count  rv  ami  ； iliioad,  and  liis  -t  ； it  "infiit 
was  one  that  deserved  serious  roiisi 山' n" " 川, wIkmi  we  rHl''H'-'l 
wliat  it  meant  at  t  lie  presont  t  in.e  i'or  a  mt\  ion  to  !»*• 
hand  in  its  intellectual  equii)in*'nt .  Kvery  year  conipctiiicjn 
grew  keener,  and  the  value  of  scientific  knowUKl^f  in  coin 
parison  with  a  in  (ire  ;il  experience  of  earlier  inethods 

became    of    greater    moment,    and    w h i I e    Lor'l    J  I;i1*1;hm- 
utterance  might  appear  undulv  pessimistic  m  view  ot*  tlie 
great  steps  that  had  been  taken  within  recent  y«*ai>  to  \>i  o 
vide  facilities  for  technical  education  ai'd  research,  yet  、" 
must  bear  in  mind  that  for  these  establishments  U>  be  wort hy 
of  a  great  Empire,  the   responsible  heads  of  Government 
departments  and  the  governing  bodies  of  edu*  at  ional  rent r<* 
must  needs  keep  continually  alert  to  meet  changing  ('oiidit  ion-, 
and  to  provide,  not  only  for  the  iiiunediate  necessities      t  ！ m- 
moment,  but  for  the  inevitable  expansion  in  new  fiirect  ion 
for  which  we  must  be  prepared  it'  、ii'  ('('ss  was  to  attend  our 
efforts.       At  the  National  Physical   Laboratory  inucli  good 
work  of  a  practical  kind,  hearing  upon  the  industrial  problems 
of  the  day,  was  being  carried  on.      The  Froude  Tank  was 
meeting  with  the  recognition  which  it  deserved  at  the  hand- 
of  shipbuilders,  who  were  making  each  year  a  better  use  of 
the  facilities  which  it,  afforded  for  independent  tests  of  models. 
In  its  other  aspect,  of  enabling  research  work  to  he  cat  ri'-« I 
out,  it  had  also  fully  justified  the  hopes  that  were  entertained 
of  the  measure  of  its  ultimate  usefulness. 

Turning  to  the  actual  results  of  the  past  year's  shipbuild- 
ing operations,  these  were,  he  remarked,  of  special  inter 卜 t 
Without  going  too  deeply  into  figures  and  statistic  there  were 
two  main  considerations  ：  First,  the  increasing  severity 
(•om petition  fi'om  other  countries  engaged  in  shij 山 uilding  ; 
and  secondly,  the  extent  and  variety  of  i:ew  const  ruct  ion . 
which  included  not  only  tlie  many  varieties  and  types  of  sliips, 
but  also  the  new  methods  of  and  improvements  in  propulsion 
which  had  been  evolved  in  recent  years,  l^ot li  in  naval  and 
merchant  ships  the  great  increase  of  size  that  had  taken  place 
gave  rise  in  itself  to  many  new  problems,  and  called  for 
knowledge  of  a  kind  that  previous  experience  could  not  alone 
supply.  The  progress  made  witli  the  "i(、tor-ship  had,  not- 
withstanding earlv  difficulties,  been  noteworthy,  particularly 
mi  the  Continent.  In  our  own  cour.trv,  ]iovvevei\  it  had 
suffered  something  of  a  check  owing  to  a  number  of  causes, 
the  dominant  factor  being  the  di;  tribntioii  of  the  oil  supplies 
of  tlie  world,  and  the  uncertainty  in  the  minds  of  shipowners 
as  to  the  future  of  this  industry  from  the  commercial  side. 
Although  the  gradual  elimination  of  mechanical  difficulties 
was  placing  the  problem  of  the  motor-driven  ship  of  liieclium 
size  in  a  much  more  favourable  light  than  before,  yet  the 
question  of  supplies  and  cost  of  oil  was  still  one  that  needed 
a  more  satisfactory  answer  t  han  could  yet  be  given  before 
owners  were  likely  to  embark  on  a  large  scale  upon  the  new 
means  of  propulsion.  M eatiwliile,  the  geared  turbine  con- 
tinued to  make  good  the  forecasts  of  its  supporters,  and  its 
use  was  now  being  widely  extended  both  in  numbers  and  size. 
The  aggregate  horse-power  of  mechanicallv-^eared  marine  Un  - 
bines  was,  according  to  information  supplied  to  the  author,  up- 
wards of  634,000  h.p.,and  individual  installations  of  as  large  as 
14,000  h.p.  were  now  under  construction  for  the  mercantile 
marine  and  still  larger  units  for  naval  vessels.  The  reliability 
of  the  turbine  and  its  smooth-running  and  labour-saviii'_, 
advantages  had  already  established  it  firmlv  in  favour  "'itli 
shipowners,  and  tlie  additional  advantage  of  econoinv  ^ainetl 
by  the  mechanical  gearing  made  it  now  undoubtedly  hard  tu 
l>eat  for  most  forms  of  marine  propulsion . 

In  conclusion,  he  referred  to  last  year  s  work  of  the  Tiitt  r- 
national  Conference  on  the  Safety  of  Life  at  Sea.  The 
terrible  oalaniit v  wliich  overtook  the  "  Tit:mic  ''  on  her 
maiden  voyage  had  in  tlie  end  l>een  productive  of  an  exhaus- 
tive enquiry  and  a  subsequent  Conference  、vhicli  had  elYe，  t，'，l 
a  very  necessary  revision  of  the  rules  g(n  (M  i"ii 乂  t  lio  rnor*-ant  He 
fleets  of  all  nations  for  the  safet v  of  life  at  se:i.  So  swilt Iv 
liad  changes  succeeded  eacli  other  in  the  near  past ,  aiul  mi 
rapidly  liad  merchant  sliip  const  ruct  ion  ilevelopecl  in  point  nt' 
size,  speed,  aiul  couiploxity  of  intei  nal  ;i rrangeinents,  tkit 
practice  h;ul  outrun  tho  compass  of  existing  regulations.  The 
i^roat  loss  lite  in  the  "  Tit;mir  "  tlisa>tt*r  Itiou^ht  liorno,  in 
a  manner  which  nothing  else  couUI  have  clone,  the  mi.'eiit  nee«{ 
of  revisi*m 
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TRIALS   OF  A  SMALL   DIESEL  ENGINE1, 

BY  PROF.  W.  E.  DALBY,  M.A.,  B.SC.，  F.R.S. 

This  paper  records  the  results  of  some  trials  made  by  the 
author  on  a  10  h.p.  Diesel  engine  in  the  laboratory  of  the  City 
and  Guilds  (Engineering)  College.  The  novelty  of  these  trials 
lies  in  the  indicator  diagrams,  which  are  relatively  large,  and 
were  taken  photographically  by  means  of  an  optical  indicator 
devised  by  the  author,  and  show  the  action  in  the  cylinder 
with  accuracy. 

Fig.  1  is  a  diagram,  not  to  any  scale,  showing  the  general 
arrangement  of  the  engine  with  its  accessories.  The  central 
area  of  the  diagram  is  occupied  by  the  cylinder  and  shows  the 
air  admission  valve,  the  exhaust  valve,  and  the  fuel  valve 
which  admits  the  supply  of  oil  fuel  to  the  cylinder.  These 
valves  are  opened  by  levers  operated  by  a  half-speed  cam 
shaft  and  are  closed  down  on  their  seatings  by  spjings.  There 
is  also  a  separate  starting  valve  controlled  by  a  separate  lever 
and  a  cam  on  the  half-speed  shaft  ；  this  valve  lies  behind  the 


Fig.  1.— Diagram  of  Diesel  Engine. 

fuel  valve,  but  is  not  shown  on  the  diagram.  The  supply  pipe 
connecting  the  starting  valve  to  the  store  bottle  th rough  the 
regulating  valve  B  is,  however,  indicated.  To  start  the 
engine,  the  lever  which  operates  the  fuel  valve  is  put  tem- 
porarily out  of  action  so  that  the  fuel  valve  keeps  closed  ；  the 
regulating  valve  B  is  opened,  and  for  a  few  revolutions  the 
engine  runs  on  compressed  air  drawn  from  the  store  bottle. 
After  the  normal  speed  is  reached,  valve  B  is  closed,  valve 
C  is  opened,  and  the  lever  controlling  the  fuel  valve  is  thrown 
into  action,  oil  is  admitted,  and  the  engine  then  works 
normally. 

The  oil  supply  is  contained  in  a  tank  placed  about  6ft. 
above  the  pump.  The  pump  forces  the  oil  into  the  annular 
space  round  the  fuel  valve,  against  the  blast  pressure  which 
is  continuously  maintained  there  in  virtue  of  its  connection 
with  the  blast  bottle  through  the  blast  pipe  and  the  regulat- 
ing valve  C.  Then,  when  the  fuel  valve  is  opened,  the  blast 
pressure  blows  the  oil  through  the  narrow  passage  ways  sur- 

*  Paper  read  at  the  spring  meetings  of  the  fifty-fifth  session  of  the  Institution 
of  Naval  Architects,  April  2nd,  1914. 


rounding  the  nose  of  the  fuel  valve,  into  the  clearance  space 
of  the  cylinder.  The  difference  between  the  pressure  in  the 
annular  space  and  the  pressure  in  the  clearance  space  is  con- 
siderable, and  the  energy  corresponding  to  the  difference  is 
utilised  in  reducing  the  oil  to  a  fine  mist. 

Air  for  the  blast  is  compressed  by  a  two-stage  water- 
jacketed  compressor  driven  from  the  crank  shaft,  and  after 
each  stage  of  the  compression  the  air  flows  through  a  cooler, 
as  illustrated  in  the  diagram.  Air  is  drawn  into  the  com- 
pressor at  A.  A,  in  fact,  is  a  cap  by  means  of  which  the  size 
of  the  opening  can  be  varied,  and  in  this  way  the  quantity 
of  air  delivered  to  the  bottles  can  be  regulated.  These  bottles 
are  placed  in  communication  with  one  another  tlirough  the 
valve  E.  Air  is  delivered  to  the  blast  bottle  from  the  com- 
pressor through  the  valve  D,  and  then,  if  it  is  also  necessary 
to  replenish  the  stock  in  the  store  bottle,  the  valve  E  is 
opened  and  part  of  the  delivery  flows  across  into  store  to  be 
used  later  for  starting  the  engine  ；  the  other  part  maintains 
the  supply  in  the  blast  bottle  against  the  intermittent  flow 
tlirough  the  fuel  valve.  Tlie  pressure  of  the  supply  to  the 
.  fuel  valve  is  regulated  by  the  valve  C.  In 

one  of  the  experiments  described  below 
the  pressures  were :  In  the  bottles, 
l,0801bs.  per  square  inch  ；  in  the  blast 
pipe,  7151bs.  per  square  inch  ；  and  at  the 
intermediate  stage  between  the  low-pres- 
sure and  high-pressure  cylinders  of  the 
compressor,  1 201bs.  per  square  inch. 
Four  pipes  are  taken  from  the  water 
】nain  to  respectively  supply  water  to 
the  jackets  of  the  engine  cylinder,  the 
jacket  of  the  higli-pressure  cylinder  of 
the  compressor,  the  jacket  of  the  low- 
pressure  cylinder  of  the  compressor,  and 
to  the  intercooler.  The  discharge  frorii 
all  the  jackets  is  collected  in  an  orifice 
tank  W，  so  that  the,  quantity  of  water 
flowing  through  the  plant  can  be 
measured  by  observations  of  tlie  head 
over  the  orifice. 

A  section  through  the  fuel  valve  is 
shown  in  Fig.  2.  Oil  from  tlie  force 
pump  is  delivered  through  the  channel  0， 
and  air  enters  tlirough  the  channel  A. 
When  the  fuel  valve  is  opened  the  air 
forces  the  oil  through  the  u arrow  winding 
passages  which  obstruct  its  free  entry 
into  the  cleaiance  space  in  the  cvliuder. 
Tli,'  valve  iiselT  is  a  steel  spindle  B, 
closing  down  on  to  a  conical  seating  S， 
giving  access  to  the  clearance  space  of  tlie 
cylinder  through  a  hole  about  ^in.  diani. 
The  spindle  j^usses  through  a  gun-meta] 
sleeve  G,  the  end  H  of  which  is  enlarged 
to  fill  the  hole  just  above  the  seating. 
This  enlarged  head  is  milled  on 
the  edges  into  narrow  chaurals,  sc 
that  the  oil  is  atomised  as  it  is  forced  through  these  ctiannels 
on  its  way  to  the  cylinder.  The  more  usual  arrangement  is 
to  form  the  head  of  the  sleeve  with  a  series  of  washers  drilled 
with  holes  about  *in.  diam.,  forming  in  this  way  passages 
offering  high  resistance  to  the  flow  of  the  oil.  The  va1 
spinUle  B  is  lifted  by  the  lever  L  against  a  strong  spring  ；  ai  a 
the  lever  L  is  operated  by  the  cam  C,  which  is  placed  on  tl  3 
half-speed  shaft.    The  lift  of  the  spindle  B  is  about  ^Un. 

A  sketch  of  the  oil  pump  is  shown  in  Fig.  3.    S  is  t 
suction  valve  ；  D19  D2  are  two  delivery  valves  in  series  ；  R 
the  ram.    The  ram  is  driven  by  a  small  crank  and  connectii 
rod  attached  to  the  end  of  the  half-speed  cam  shaft,  as  inc1 
cated  at  C  by  dotted  lines.    A  small  screw-down  valve  V 
provided  to  test  the  oil  flow  ；  it  opens  communication  into  the 
space  above  the  first  delivery  valve         and  when  open,  oil 
spurts  from  the  pipe  P  when  the  pump  is  working  properly. 
The  quantity  of  oil  forced  through  the  delivery  pipe  durins 
the  down  stroke  of  the  ram  R  depends  upon  the  fraction  of 
the  stroke  of  the  ram  at  which  the  suction  valve  S  closes  :  -and 
this  closing  is  determined  by  the  action  of  the  governor  on 
the  valve.    Until  the  suction  valve  closes  the  ram  merely  dis- 
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places  oil  \mck  tJii'ou^li  it  into  ilio  supply  rk'm 山 ("•■  The 
rlosin^  can  he  dolayod  hy  t  in1  ； iction  of  t  lie  governor,  so  1  hat 
in  general  i);u  ">「  the  cliai-^o  drawn  in  1  lirou^h  tlie  suet  ion 
valve  is  "m'('(l  hack  1o  supply  chatnher  \  iluou^li  i  lie 

suction  valve,  and  the  n'm;iin("'r  is  forced  out.  through  H"' 
delivery  valves  1),,  I),  to  the  fuel  valve  in  (he  cylinder  cover 
of  the  engine,  against  th(、  pressure  of  thv  air  in  the  annular 
chaniher  simomidiiig  i\\v  fuel  valve.  The  proportion  of  the 
whole  charge  whicli  is  delivered  tlirou^li  tlio  delivory  valves 
(Jm'iiig  the  down  stroke  of  the  vimw  (1<*|>(mk!s  upon  tlie  position 
oi'  tlie  governor  sleeve  E.  Tlie  mechanisni  Ity  means  of  wliirli 
the  governor  delays  the  closing  of  the  suction  valve  is  shown 
in  the  figure. 

The  link  II  is  jointed  at  one  end  I  to  the  link  L，  which 
hangs  from  the  arm  K.  Tlie  ； irrn  K  is  coniipcted  to  the 
governor  sleeve,  and  pivots  at  N.  The  ot  Iht  end 
of  the  link  1 1  is  connected  to  the  crosshead  }>in  Q, 
which  drives  ( ho  piimj)  ram,  so  that  as  the  engine 
works  the  link  1 1  executes  angular  oscillations  alxmt 
the  joint  I.  The  plug  rod  G  is  connected  to  the  link  II,  so 
that  it  oscillates  vertically  thrmigli  ； i  ran^o  e(jiial  to  ahoiit 
one-thir<l  of  the  stroke  of  the  rain.     Tlie  ]>lu^  rod  G  passes 
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1  hrough  the  pump  blodc  B,  which  acts  as  a  guide,  and  carries 
1)elow  an  arm  J  fastened  to  it.  Assuitiin^  that  the  governor 
is  lotating  st'eadilv  so  that  the  pin  joint  T  is  at  rest  in  tlio 
]K»sitioii  correspoiulin^  to  full  load,  tlie  arm  J,  as  it  oscillates 
up  and  down,  keeps  clear  of  the  end  of  the  suet  ion  valve  >S. 
,i'  tlie  speed  increases  the  pin  joint  I  moves  up  as  the  governor 
leeve  moves  up，  and  this  movement  brings  the  arm  J  into 
Contact  with  the  end  of  tlie  suction  valve  during  a  portion 
of  the  stroke,  and  so  delays  its  closing.  Frorn  this  it  will  he 
'■.tulei-stood  that  the  actual  movement  of  the  plug  rod  G  is  a 
yesiiltant  of  two  motions,  namely,  the  motion  of  the  joi nt  1， 
；' .rotluced  by  tlie  movement  o(  tlie  governor  sleeve,  and  tlie 
motion  of  the  point,  Q,  ]>rod need  l>v  tlio  small  crank  on  the 
'.end  of  the  half-speed  ('a、ii  shaft. 

The  engine  works  on  a  ！ nodified  four- st roke  Otto  ovcle. 
Air  is  drawn  "i  tlirougli  tlie  suction  valve  (luring  1  he  down 
stroke,  and  during  I  lie  next  upward  stroke  it  is  compressed 
to  alu)iit  f)001hs.  per  square  incli.  Tlie  temperature  oorre- 
spoiulin^  to  this  high  pressure  is  sufl'u'ient  to  cause  the  oil  to 
huin  as  il  is  sprayed  into  tlie  cylinder.  Just  liofoio  (ho  oiul 
o !'  the  compression  stroke  tho  fuel  val  v'e  opens,  :mtl  n1 
mains  oppn  < I  tiring  n  f  racl  ion  of  tlio  next  (Imvii  stroke.     A  Her 


t ho  fuel  valve  closes  and  tlio  hurning  is  complete,  tho 
expands  until  t  lie  exhaust  valve  opens,  and  (luring  tlio  next 
up  stroke  the  products    <>(    conihiist  ion    ""ivc    t  lie  rvlm'"'r 
through  (lie  exhaust  valve  in  the  usual  wa v.     TIm*  '  vrl«'  'lill"«'r、 
from  the  Otto  cycle  in  t liat   air  is  coniprnss^d  instead  of  a 


mixture  of  air  and  gas,  and  the  gas  burns  at  approxirnatelv 
constant  pressure. 

Tlie  cycle  is  illustrated  by  the  indicator  diagram  iVi^s.  1  ». 
wliich  shows  a  diagram  taken  during  a  trial  in  whicli  tlie 
engine  developed  1 1*66  i.li.p.  It  sliows  clearlv  the  high  com- 
pression, the  point  at  which  the  fuel  valve  opened,  and  tlie 
point  at  which  it  closed.  The  actual  cut-off  shown  was  some- 
what later  than  the  cut-off  for  which  the  cam  was  set,  and 
this  difference  is  produced  by  the  inertia  of  the  moving  parts 
of  the  engine.  It  will  be  seen  that  the  pressure  at  the  end 
of  compression  is  nearly  5001bs.  per  stjuare  inch,  and  that 
after  the  burning  period  the  pressure  falls  by  expansion  to 
25 lbs.  per  square  inch.  The  blast  pressure  is  marked  on  the 
diagram  together  with  the  maximum  pressure,  tmni  wliicli  it 
will  be  seen  that  there  is  a  drop  from  7001hs.  per  square  incli 
to  5291bs.  per  square  inch,  that  is,  1711bs.  per  square  inch, 
through  the  nose  of  the  fuel  valve.  The  energy  corresponding 
to  this  drop  is  used  to  atomise  the  oil.  The  mean  pressure  is 
1021bs.  per  square  inch. 

It  will  be  convenient  here  to  briefly  explain  the  general 
nature  of  the  indicator  with  which  this  and  the  other  diagrams 
in  the  paper  have  been  taken.  Tliis  indicator  is  an  optical 
photographic  apparatus.  No  piston  or  spring  is  used,  and 
the  variation  of  pressure  in  the  cvliiuler  is  measured  }>v  tlie 


H.P.M.  -ITS  ；  F.H.P.  Wtiti :  moan  jiressiuv  Id-i  HUis.  i^r  sqnaro  inch  :  I,la、t7ml" . 

deHectioiis  ol'  wli.-it  mav  l»o  called  a  thick  telephone  disc,  wliicti 
is  connected  by  li^ht  nieclianism  \v i 1 1 1  a  small  minor,  so  t hat 
tlie  (letlection  of  the  tlisr  causes  a  correspon  lin^  Jiii^nlai  tilt 
ing  of  the  mirror.  Tlio  i  an^e  of  action  of  the  disc  is  oiilv  a 
few  lunul redtlis  of  an  inch ,  aiul  it  、vill  he  uiulerstood (  t Iumo 
fore,  tliat  for  all  practical  purposes  inertia  is  oliminaled  so 
far  as  tlie  ineasuiemeut  pressure  is  toiu'erned.  A  secoml 
mirror,  whose  axis  is  placed  at  l'iglit  an^le^  to  the  Wi  A  mirror, 
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receives  an  angular  motion  proportional  to  the  piston  displace- 
ment. A  beam  of  light  from  a  source  within  the  apparatus 
falls  upon  each  mirror  in  succession,  and  is  brought  to  a  focus 
on  tlie  ground-glass  screen  of  the  camera  which  is  attached 
to  the  indicator.  When  desired  the  screen  may  be  replaced 
by  the  photographic  plate.  Ordinarily,  when  the  engine  is 
running,  the  indicator  diagram  appears  on  the  ground  glass 
drawn  out  light,  and  every  variation  in  the  working  of  the 
engine  can  be  watched .  The  second  mirror,  whose  angular 
motion  is  proportional  to  the  piston  displacement,  is  not  con- 
nected directly  with  the  piston.  Interposed  between  it  and 
the  piston  mechanism  is  a  phase  changer,  which  is  driven 
from  the  crank  shaft  by  means  of  sprocket  wheels  and  a  pitch 
chain.  The  shaft  of  the  phase  changer  carries  a  small  crank, 
and  a  rod  connects  it  with  the  arm  of  the  mirror.  The  ratio 
between  this  small  crank  and  the  connecting  rod  is  the  same 


Fig.  5. 

K.P.M.  256  ;  I.H.P.  11-66  ；  mean  pressure  102*61  bs.  per  square  inch  ；  blast  7001 bs. 
per  square  inch. 

as  that  between  the  actual  crank  and  connecting  rod  in  the 
engine. 

This  arrangement  enables  the  phase  of  the  diagram  to  be 
changed  quickly  through  any  number  of  degrees  while  the 
engine  is  running.  It  is  particularly  interesting  to  change 
the  phase  through  90°.  When  this  is  done  the  dead  point 
period  is  exhibited  on  an  approximate  time  base  instead  of  on 
a  pistou  displacement  base,  so  that  the  variation  of  pressure 
in  the  dead-point  region  can  be  more  easily  studied.  I  may 
add  that  after  each  diagram  is  taken  it  is  in  general  calibrated 
in  situ ,  The  diagram  shown  in  Fig.  4  was  calibrated  in  situ , 
and  the  scale  of  this  was  used  for  all  the  others,  because,  after 
taking  a  large  number  of  diagrams,  it  was  found  that  the  scale 
did  not  alter. 

Fig.  5  is  another  diagram  taken  during  the  same  trial, 
showing  in  addition  to  the  normal  diagram  a  second  diagram 
altered  in  phase  through  90°.    The  compression  curve  now 


Fig.  6. 

K.P.M.  '259  ；  I.H.P.  10*7  ；  mean  pressure  92*51  bs.  per  square  inch  ；  blast  675lbs. 
per  square  inch. 

begins  at  A，  and,  going  to  the  right,  ends  at  B.  The  fuel 
valve  was  opened  at  the  point  C,  a  point  well  marked  on  the 
diagram.  The  subsequent  changes  in  pressure  during  the 
burning  period  are  clearly  shown.  The  expansion  curve 
begins  at  D,  and  continues  until  the  exhaust  valve  opens  some- 
where about  the  point  E.  The  diagram  can  be  altered  through 
90°  in  this  way  in  a  few  seconds;  in  fact,  without  taking  one's 
eyes  from  the  focussing  screen  on  which  the  diagram  is  being 
produced.  Fig.  6  shows  a  diagram  taken  at  10  h.p.,  giving  a 
mean  pressure  of  92*51bs.  per  square  inch.  Fig.  7  shows  a 
diagram  at  7*27  h.p.,  with  the  governor  acting  to  regulate 
the  oil  supply.  The  regulation  is  clearly  shown  both  by  the 
normal  diagram  and  the  second  diagram  changed  in  phase 
through  90°.  Fig.  8  was  taken  at  no  load,  and  in  this  case 
the  drop  of  the  pressure  line  is  emphasized  still  further.  In 
each  of  these  diagrams  the  blast  pressure  is  marked  above 
the  maximum  pressure. 


Fig.  9  shows  a  diagram  taken  at  12  6  h.p.  In  this  case 
the  mean  pressure  was  1181bs.  per  square  inch  and  the  blast 
pressure  7151bs.  per  square  inch,  dropping  to  a  maximum  pres- 
sure of  about  5581bs.  per  square  inch  in  the  cylinder.  The 
corresponding  diagram  is  also  shown  changed  in  phase  through 


Fig.  7. 

K.P.M.  264  :  I.H.P.  7 "27  ；  mean  pressure  61'61bs.  per  square  inch  ；  blast  575lbs. 
per  square  inch. 

90°.  In  this  case  compression  ends  at  C，  and  tlie  phase  is 
changed  so  that  the  compression  curve  is  on  the  left  of  the 
diagram.  Fig.  10  shows  four  diagrams  superposed,  so  that 
a  general  view  of  the  whole  set  can  be  obtained.  The  cut-off 
was  the  same  in  each  case,  being  fixed  by  the  cam.  It  will 
be  seen  that  the  compression  curve  is  practically  coincident 
for  each  diagram,  and  that  burning  takes  place  at  a  slightly 
rising  pressure  during  the  full  load  diagram,  and  as  the  load 
is  decreased  the  burning  pressure  gradually  decreases  ；  in  fact, 
at  no  load  the  pressure  line  almost  merges  into  the  expansion 
line. 

Trials. -— The  following  are  the  main  dimensions  of  the 
engine :  Cylinder,  6.5in.  diam.  :  stroke,  lO^in.  :  connecting 
rod,  28in.  ；  air  pump  pistons,  3|in.  and  l^in.,  with  a  common 
stroke  of  2|in.  ；  diameter  of  flywheel,  5'34ft.  :  rim.  6in.  wide  : 





Fig.  8. 

R.P.M.  270  ；  I.H.P.  l-r>  ；  mean  in't-ssure  37'9H>s.  pel*  square  incli  ；  blast  4901  bs. 
prr  stiniirr  inch  ；  no  load. 

compression  ratio,  14*3.  The  caim;  on  the  crank  shaft  are  set 
so  that  the  air  inlet  valve  opens  wlien  the  crank  is  20°  before 
its  dead  point  position,  and  it  closes  when  the  crank  is  turned 
through  195°  from  its  dead  point  position .  The  fuel  valve 
is  set  to  open  when  the  crank  is  6°  before  its  dead  point  posi 
tion,  and  closes  when  the  crank  is  turned  24°  after  tlie  dead 
point  position.  The  exhaust  valve  opem1  when  the  crank  is 
45°  from  its  dead  point  position,  and  closes  when  the  crank 
has  passed  4°  beyond  the  upper  dead  point  position.  J  fc  will 
thus  be  seen  that  through  24°  movement  of  the  crank  the  air 
inlet  valve  and  the  exhaust  valve  arc  open  together 

The  fuel  used  during  the  trial  was  contaiued  in  a  tank  of 
about  12  gallons  capacity,  placed  fift.  above  the  centre  line  of 


Fig.  9. 

R.P.M.  '340  i  I.H.P.  1'2'67  ；  mean  pressure  1181bs.  per  square  inch  :  blast  7l5lbs. 
per  square  inch. 

the  cylinder,  as  illustrated  in  the  diagram  (Fig.  1).  By  the 
side  of  this  tank  is  a  smaller  tank  of  about  2  litres  capacity, 
fitted  with  a  hook  gauge.  Before  making  a  trial,  the  smaller 
tank  is  filled  up  to  the  hook  gauge,  and  then,  by  means  of  a 
three-way  valve,  it  is  shut  off,  and  the  fuel  is  supplied  to 
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the  engine  from  tlie  main  tank.  This  may  be  called  i\w 
normal  condition  of  running.  The  trial  begins  when 
the  three-way  valve  is  thrown  over,  and  the  supply  of 
oil  is  drawn  from  the  smaller  tank.  The  trial  ends 
when  the  valve  is  thrown  over  to  the  normal  direc- 
tion of  running,  and  the  engine  is  again  drawing 
its  supply  from  the  main  tank.  Oil  is  then  weighed  into  the 
smaller  tank  until  ifc  is  filled  to  the  lever  of  the  hook  gauge. 
Tn'this  way  an  accurate  measurement  can  be  made  of  the  oil 


Fig.  10.— Supkkposkd  Diaghams  Takkn  with  Optical  Indk  atok. 
Cylintlor  (V5in.  diam.,  lU^in.  stn""',  L-oiiiju-i'Ssiini  rntio  14*3. 

used  by  the  engine  during  an  observed  interval  of  time  with- 
out in  any  way  disturbing  the  conditions  of  running.  The  oil 
used  in  these  trials  was  a  heavy  Russian  oil.  Its  calorific 
value,  measured  with  a  Junker  calorimeter,  was  9,340  calories 
per  pound.    Its  specific  gravity  was  *812. 

The  accompanying  table  shows  the  results  of  the  trials. 
Li/te  2.—  The  indicated  horse-pov/er  was  measured  with  the 
optical  indicator.  Line  3. ― The  brake  horse-power  was 
measured  by  an  ordinary  rope  brake.  Line  5. ― The  oil 
measurenient  was  made  in  the  way  described  above  by  means 


passing  through  the  orifice.  Tlie  flow  for  the  orifice  used  is 
given  l)y — 

W  =  9'45 

where  W  =  pounds  of  water  per  minute  flowing  through  tlie 
orifice, 

and      H  —  the  head  of  water  over  the  orifice,  in  feet. 
The  measure  was  correct  within  \  per  cent 
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Fig.  11.— P. V.  Diagram  for  Ideal  Engine  op  Comparison. 

As  shown  on  the  diagram  (Fig.  1)，  there  are  four  inde- 
pendent water  circulations  iti  the  plant  ：  an  independent  cir- 
culation through  the  main  cylinder  jacket,  through  the  cooler, 
through  the  low-pressure  compressor  jacket,  and  through  the 
high-pressure  compressor  jacket.  All  of  these  circulations 
were  measured  together  as  indicated.  The  bulk  of  the  flow 
was  through  the  main  cylinder  jackets,  quite  small  quantities 
flowing  in  the  other  circulations.  The  temperature  measm  cW 
was  the  common  temperature  of  the  whole  discharge. 


Summary  of  Trials  of  10  h.p,  Diesel  Ewjine. 


Line  No. 

No  l  Load. 

i  Pull. 

1  Full. 

•83  Full. ， 

Pull. 

\ 

Duration  of  trial  ...        ...       ...        ...       ...       …  ... 

60  min. 

60  miQ. 

60  min. 

60  min. 

60  min. 

I.H.P.                                   ：                   …-  ... 

4-5 

7-27 

10-66 

11  69 

12-95 

；( 

B.H.P     ... 

00 

333 

671 

835* 

9-94 

4 

Mechanical  efficiency      ...       …    ... 

45-8  % 

63  % 

714  % 

76-75  % 

5 

Oil  supplied  to  engine  during  the  trial  ...       ...       ...  ... 

1-5  lbs. 

2-372  lbs. 

3-63  lbs. 

4-35  lbs. 

5-44  *Ijs. 

0 

Oil  per  I.H.P.  hour       ...       ...       ...       …       ...  ... 

•333  .， 

•326  '， 

340 

■372  ，， 

42  ，， 

Oil  per  B.H.P.  hour   '… 

•713  ', 

541  ，. 

•521  ,， 

-548  ,, 

8 

Mean  revolutions  per  minute  ...     

.270 

264 

269 

25(5 

250 

9 

Mean  effective  pressure,  lbs.  per  sq.  inch       ...       ...  ... 

37-6 

61  6 

92-1 

102  'J 

117  7 

10 

. Cut-off  determined  by  cam,  per  cent,  of  stroke …       ...  ... 

423 

4-23 

4  23 

4-23 

4  23 

11 

Pressure  in  storage  bottle,  by  gauge    ...       ...       ...  ... 

875  to  1,060 

1,080  to  1,070 

1,075  to  1,095 

1,100  to  1,110 

1.112 

12 

Pressure  in  inter-toolor,  by  gauge     

110  to  115 

120  to  118 

117 

115 

115 

13 

Maxm.  pressure  in  cylinder,  measured  from  indicator  diagram 

469  lbs.  sq.  in. 

478  lbs.  s<j.  in. 

535  lbs.  sq.  in. 

529  lbs.  sq.  in. 

o31  lbs.  sq.  iu. 

14 

Blast  pressure,  by  giiuge...        ...       ...       -..       …  ... 

483  ,， 

575  ，， 

075  ,， 

700  ,, 

715  „ 

15 

Drop  of  pressure  tlirongh  fuel  valve    ...       ...  -.. 

14 

97 

140 

171 

184 

16 

Cooling  wator  Ho  wing  tlirough  plant,  lbs.  per  min.  ...  ... 

10 

11  35 

11  47 

11  15 

11  til 

17 

Rise  in  teinj)eratvire,  degrees  Centigrade          ...       ...  ... 

7-1 

8-5 

11-4 

12-8 

1(52 

IS 

Heat  caniett  away  by  cooling  water,  lb.  oals.  per  min....  ... 

71 

9U 

131 

142 

189 

19 

Heat  produced  by  Die  combustion  of  tlio  fuel,  lb.  cals.  per  niiu. 

234 

36D 

505 

677 

»47 

20 

Heat  equivalent  to  I.H.P.         ...       ...       ...       ...  y.. 

100 

171 

251 

275 

305 

21 

Thermal  efficiency,  reckoned  from  I.H.P.       ...       ...  ... 

45  3  % 

4ti-4  % 

44-4  % 

40  6  % 

34>  % 

22 

Heat  equivalent  to  B.H.P.,  lb.  cal.s.  per  ruin.            ...  ... 

78 

158 

197 

234 

23 

Thermal  eftkierK  \ ,  reckoned  from  B.H.P.                ...  ... 

211  % 

28  % 

29  % 

2>7  % 

24 

Heat  equivalent  to  1,.H.P.,  per  cent,  of  lieat  supplied...  ... 

45 1 

4tij 

44  J 

41 1 

36i 

25 

Heat  carried  away  by  cooling  water,  per  cent,  of  beat  supplied 

31 1 

231 

21 1 

22 1 

20 

Heat  carried  a、、.av  by  exhaust  gas,  radiation,  &c,  by  difference 

28) 

33 1 

38j 

A2J 

； 100 

1(H) 

100 

100 

100 

2； 

Etficieiu  y  of  standard  engine  of  comparison …       ...  -.. 

G2 

•62 

•U2 

•02 

62 

28 

Relative  efficiency,  reckoned  from  the  I.H.P.... '   

•73 

•75 

•72 

r 

•58 

20 

Relative  efficiency,  reckoned  from  the  B.H.P            ...  ... 

■34 

45 

1  -47 

44 

Calorific  Value  (lower)  of  the  Oil,  9,340lb.  Calories.   Specific  Gravity,  0  812. 


of  a  small  tank  connected  to  the  main  tank  and  to  the  engine 
through  a  three-way  cock.  Line  16. ― The  cooling  water  flow- 
ing through  the  plant  was  measured  by  means  of  an  orifice 
tank  designed  by  the  author,  in  which,  instead  of  the  turbu- 
lence of  the  water  being  baffled  out  by  means  of  wire  gauze 
and  perforated  zinc  plates,  the  stream  lines  are  brought  to  a 
parallel  direction  by  a  properly  shaped  deflecting  piece  before 


The  thermal  efficiency  of  the  engine  is  shown  in  line  21 
of  the  table.  In  line  23  the  thermal  efficiency  is  calculated 
with  reference  to  the  brake  horse-power.  Tlie  heat  lost  by 
radiation  and  in  the  exhaust  is  found  by  difference  and  is 
recorded  in  line  26  as  a  percentage.  The  distribution  of  heat 
through  the  engine  is  shown  in  lines  24，  25,  and  26. 

Line  27. ― The  standard  cycle  with  which  tlie  performance 
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of  a  Diesel  engine  is  usually  compared  is  one  in  wliich  heat  is 
received  at  constant  pressure  and  rejected  at  constant  volume, 
and  using  air  as  the  working  agent.  Also,  the  ideal  engine 
works  with  the  same  cut-off  as  the  actual  engine.  A  sketcli 
of  the  ideal  diagram  is  shown  in  Fig.  11.  Both  the  compres- 
sion curves  and  the  expansion  curves  are  in  this  diagram 
adialiat  ic,  following  the  relation  P  V1 4  =  a  constant.  Neglect- 
ing the  variation  in  the  specific  heat  of  air,  and  indicating 
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Fig.  12. 


by  subscripts  1，  2，  3，  4,  the  state  as  regards  either  tempera- 
ture, pressure,  or  volume  at  the  correspondingly  numbered 
points  of  the  diagram,  the  heat  received  per  cycle  is ― 

K  (T3-T2) 
and  the  heat  rejected  per  cycle  is ~~ 

K、  (T4-Tt). 
Heuce  the  efficiency  of  the  ideal  engine  is ― 
Kn  (T,-T,)-Kv  (T4  — T,) 

■n  =   -  __i  L  . 

1  K  (T3-T2) 

Let  8  be  the  ratio, 

Volume  at  cut-off 


Volume  of  clearance 

And  let  /•  be  the  ratio, 

Maximum  volume  = 
Clearance  volume 

And  y  the  ratio 

K,, 

K. 


V, 
V； 


V：； 


•4. 


Then  it  is  easily  shown  that ― 
1  ( 
T/  =  1" 力- 1> 


6" 


(1) 


(卜-  l)j 

The  measured  value  of  8  for  the  setting  used  in  these  trials 
way  1'56，  and  the  measured  value  of  r  was  14'3.  With  these 
values  the  efficiency  of  the  engine  of  comparison  is  ()'62.  It 
will  be  seen  that  this  small  engine  in  a  trial  at  one-third  full 
load  realised  75  per  cent,  of  this  value,  and  in  the  0'83  full 
load  trial  it  realised  65  per  cent,  of  this  value.  This  expres- 
sion for  the  efficiency  of  the  ideal  engine  is  similar  in  form 
to  the  expression  for  the  efficiency  of  tlie  constant  volume 
cycle,  namely — 

 (2) 

Expression  (1)  is,  in  fact,  obtained  from  expression  (2), 
if  the  second  term  of  (2)  is  multiplied  by  the  factor 

7(8^1)  ^ 

a  factor  which  depends  upon  the  cut- off.  This  factor  is  greater 
than  unity,  and  hence  the  second  term  of  (1)  is  greater  than 


the  second  term  of  (2),  and  the  ('Hirieiiry  reprcsentx'd  l>y  ( ]  )  is 
less  than  the  efficiency  represented  l>v  (2)  for  correspoiuJin^ 
r(、mlitioiis.  Comparing  two  engines  ！] "aving  the  same  com- 
pression ratio,  one  working  on  the  constant-volume  cycle  and 
the  second  working  on  the  constant-])ressure  constaiit-volunx; 
cycle,  it  will  be  seen  that  the  constant- volume  cycle  is  more 
cflirient,  and  that  the  constant-pressurr  cycle  npi)io;i('hes  this 
cOiciency  as  the  cut-off  factor  is  reduced.    Hence  the  earlier 
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the  cut-off,  the  more  economical  the  Diesel  engine  is  likely 
to  be.  It  is  also  evident  that  this  is  likely  to  be  the  ease 
from  the  consideration  that  the  earlier  the  cut-off  the  lower 
the  temperature  to  which  the  products  are  reduced  at  the 
end  of  expansion,  and  the  smaller,  therefore,  the  quantity  of 
heat  rejected. 

The  results  of  the  experiments  are  plotted  in  Fig.  12 
against  the  b.h.p.  It  will  be  seen  that  the  i.h.p.  line  is  almost 
straight,  and  that  tlie  oil  per  brake  horse-power  hour  is  a 
niinimum  at  about  8  h.p.  The  results  are  plotted  against  tlie 
indicated  horse-power  in  Fig.  13.  These  curves  show  that  the 
thermal  efficiency  is  a  maximum  at  about  7  h.p.  The  two 
diagrams,  viz.,  Figs.  12  and  13，  together  with  the  indicator 
diagrams,  exhibit  the  working  of  a  Diesel  engine  through  its 
whole  range  of  economical  action. 


TURBO-COMPRESSOR  AND  TURBINE. 

The  accompanying  illustrations  sliow  a  machine  designed  and 
patented  by  Mr.  M.  H.  Churchill-Shann,  No.  23，  Priory  Park 
Road,  Kilburii,  London,  which  may  be  utilised  either  as  a  com- 
pressor or  turbine.  It  comprises  an  annular  low-pressure  and 
an  annular  high-pressure  chamber  respectively.  The  turbine 
nozzles  revolve  in  close  contiguity  to  the  pressure  chamber, 
having  an  annular  converging  lip,  the  end  of  which  is  formed 
by  the  revolving  nozzles.  Consequently  there  is  an  unre- 
stricted flow  through  the  nozzles  from  the  annular  lip.  The 
high-pressure  orifices  are  arranged  for  axial  flow  with  a  direc- 
tional inclination,  so  that  the  centrifugal  force  acts  in  favour 
of  the  difference  of  pressure.  The  high-pressure  orifices  Mix- 
very  small  relatively  to  the  low-pressure  orifices,  and  the  high- 
pressure  orifices  are  pitched  relatively  far  apart,  whereas  the 
low-pressure  orifices  are  as  nearly  contiguous  as  the  construc- 
tional requirements  will  allow  of.  An  annular  lip  is  provided 
on  the  high- pressure  chamber  with  a  diminishing  area  as  it 
approaches  the  revolving  nozzles.  The  low-pressure  orifices 
of  the  nozzles  abut  against  a  ring  of  fixed  reaction  blades. 
These  blades  have  their  high-pressure  side  provided  with 
orifices  practically  directly  parallel  to  the  axis,  and  on  Hie 
low-pressure  side  the  orifices  have  a  directional  inclination. 
A  set  of  moving  blades  is  fitted  on  the  low-pressure  side  of  the 
fixed  reaction  blades,  these  moving  blades  being  so  shaped 
that  their  high-pressure  side  has  a  direction  practically  at 
right  angles  to  the  direction  of  rotation,  whereas  their  low- 
pressure  side  has  a  directional  inclination  of  about  30°  to  the 
direction  of  rotation.  This'  arrangement  ensures  that  the 
space  between  the  blades,  measured  on  the  shortest  distance 
between  them,  is  on  the  low-pressure  side  about  half  of  that 
on  the  high-pressure  side.  In  order  to  compensate  for  this 
difference  the  radial  dimensions  of  the  blades  are  made  nearly 
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axis  of  rotation.  The  lixecl  reaction  blades  as  well  as  tJie 
moving  blades  are  gradually  thickened  from  the  low-pressure 
side  to  about  two-thirds  of  the  axial  width,  and  are  then 
tapered  down  to  the  same  thickness  on  the  high-pressure  side 
as  that  on  the  low-pressure  side.  This  construction  ensures 
that  although  the  profile  of  tlie  flare  on  the  moving  Wade's 
coincides  with  that  on  tlie  fixed  reaction  blades  wliicli  almt 
on  the  moving  blades,  the  area  of  the  passage  througli  tlie 
fixed  reaction  blades  abutting  on  to  the  moving  blades  is 
iiuu'li  smaller  than  the  area  of  the  passage  through  the  niov- 
ing  blades  abutting  on  the  fixed  reaction  blades.  This  sudden 
alteration  of  area  decreases  the  resistance  to  flow  at  the  point 
where  the  resistance  is  most  felt  on  passing  from  one  set  of 
blades  to  another.  The  same  effect  is  also  secured  at  the  junc^ 
tion  between  the  nozzles  and  the  fixed  reaction  blades.  In 
both  cases,  the  object  is  to  ensure  a  sudden  enlargement  of 
area  at  the  low-pressure  side  of  the  junction  of  the  moving 
and  fixed  blades. 

When  the  apparatus  is  used  as  a  turbine  the  steam  is  sup- 
plied to  tlie  annular  higl 卜 pressure  chamber  in  a  tangential 
direction.    The  object  of  this  in  combination  with  the  rotating 


nozzlrs  is  to  provide  ； i it  apparatus  in  w  1  i i < ■  1 1 
rotation  increases,  tlie  supply  of  working  lluicl  to  t  lir  nozzles 
is  materially  diminished,  so  as  to  prevent  too  great  a  speed. 
The  operation  of  tlie  machine  is  similar  to  that  of  other  turbo- 
generators of  this  class.  The  steam  entering  through  the  gas 
inlet  into  the  annular  high-pressure  rliamlier  escapes  througli 
the  high-pressure  nozzles  into  the  low-pressure  chanilior,  and 
then  flows  out  through  tlie  low-pressure  nozzles,  eiu-uuntcnng 


the  fix('(J  ha  files  in  its  passage  I  r>  t  Im*  (川" m'  atinospln'rc.  \VIi"m 
tlie  apparatus  is  used  ； is  a  roinpressor  its  o|，（"'；"mi 卜  ''".，' r«* 
versed,  and  the  outer  air  or  other  source  stipplic-t  tli*'  cl*i  I  I'- 
ll m  if  J  , wliicli  is  first  con i pressed  in  t  lie  low-pressure  rot  a  rv 
； i])|>aratus  and  is  tlii'ii  r;nscj  (o  i1,s  full  coinpre^sion  in  t  Im- 
hi^h-pressure  apparatus  in  tlie  usual  manner. 

Fig.  I  is  a  plan  view  in  part  sect  ion  showing,  I 山"' ••、■«•，  ，  ""'、• 
(； ne-Iialf  of  the  apparatus.  A  in  the  lmv-prwm'  ；" miliar 
chamber,  B  tlie  liigl 卜 pressure  annular  chamber,  C  the  revolv- 
ing nozzles,  I)  tlie  lixoci  reaction  blades,  E  the  revolving 
blades,  and  F  the  radial  fixed  blades.  Fig.  2  shows  views  in 
an  axial  direction.  B  is  the  higl 卜 pressure  clianiher  viewed 
from  the  low-pressure  clianiher  A,  C  the  corresponding  view 
of  tlie  revolving  nozzles  regarded  from  t  he  reverse  (]irc<  t  ion  - .) 
the  radial  orifices,  D  tlie  corresponding  view  of  the  fixed  re- 
action blades  looking  towards  A,  and  E  the  corresponding 
view  of  the  moving  blades  looking  from  B  towards  A.  All 
these  views  only  show  one  quarter  of  the  complete  set.  Vi\s.  .'i 
shows  a  diagrammatic  development  in  tlie  direction  of  mi  ；] - 
tion  of  F,  E,  D，  and  C  relatively  to  one  another.  The  fixed 
portions  A,  B，  D，  and  F  have  flanges  on  each,  so  that  tlicv 
can  be  removed  without  disturbing  the  rotating  portions. 
K,  T  are  the  stepped  portions  of  B  and  C,  to  ensure  tliat  t  In- 
working  fluid  does  not  leak  out  of  B.  L,  M  are  the  corre- 
sponding seal  on  the  low-pressure  end  of  the  revolving  1 1 - 
G  H  is  the  centre  line  of  the  blading.  This  centre  line  has  an 
important  bearing  on  the  design,  and  is  the  result  of  the  flare 
not  being  symmetrical  on  the  inner  and  outer  radii  on  tin- 
fixed  and  moving  blades.  This  gives  the  result  that  whilst 
the  average  radial  length  remains  nearly  constant,  there  is  a 
greater  mean  radius  on  the 
high-pressure  side  of  the  mov- 
ing blades  than  on  the  low- 
pressure  side,  and  a  smaller 
mean  radius  on  the  high -pres- 
sure side  of  the  fixed  blades 
than  on  the  low-pressure  side. 
When  the  apparatus  is  used  as 
a  compressor  this  ensures  that 
the  centrifugal  force  will  assist 
the  action  of  the  compressor  ； 
when  used  as  a  turbine  the 
centrifugal  force  prevents  too 
free  a  blow-through  of  the 
working  fluid.  S  is  the  contracting 
approaches  the  high-pressure  side  of  C  so  as  to  provide  an  easy 
path  either  to  or  from  C  and  B,  according  as  the  apparatus  is 
used  as  a  compressor  or  as  a  turbine. 

Fig.  3  shows  the  kind  of  blading  used  in  D  and  C  ；  where- 
as the  line  N  denotes  the  distance  between  any  two  blades 
measured  normally  at  the  low-pressure  side  of  D,  O  denotes 
the  distance  between  any  two  blades  measured  at  the  high- 
pressure  side  of  D.  Similarly  P  and  R  denote  the  distances 
between  any  two  blades  in  E，  measured  normally  on  the  low 
and  liigh-pressure  sides.  In  the  case  shown  N  is  less  tliaii 
O  and  P  than  R.  But  this  alteration  is  mainly  from  t 
mid-section  to  O  and  R，  that  is,  the  distance  between  any  two 
blades  increases  more  rapidly  as  the  pressure  side  is 
a])]>roaclied.  The  (1  are  of  the  shrouding  of  both  I)  and  E  as 
shown  provides  that  the  area  of  the  space  between  any  two 
blades  is  about  equal  on  the  low  and  high-pressure  sides.  Tlii、 
equality  is  not  the  essential  point,  howe ver,  l>ut  ratluT  tl"'t 
the  area  sliall  increase  from  lnid-section  towards  tlie  1 1 i i: 1 1 
pressure  side,  in  order  to  facilitate  the  passage  of  tlu'  fluid 
fruni  one  set  of  blades  to  anotlier. 


B   where  it 


West  of  Scotland  Iron  and  Steel  Institute. ― Tlu'  monthly 
HKH'ling  of  tliis  Institute  was  \\v\d  in  Gl  isgow  on  ihv  2(»* li 
tit.  Two  papers  were  read  and  illustrated  liy  lanleni  、■"'、、■'、. 
The  first  was  on  "The  Influence  of  Manganese  in  the  Cor 
rosion  of  Steel,"  by  Dr.  C.  H.  Desch  and  Mr.  S.  \Vli、t'' 
The  result  of  their  research,  although  not  conclusive, 
favoured  the  opinion  that  manganese  in  itself  was  ratlier 
protective  than  otherwise,  and  that  the  disfavour  with  which 
it  used  to  be  regarded  was  due  to  its  action  when  associated 
with  sulphur.  Mr.  N.  K.  Turnhull,  Manrliester,  gave  an 
interesting  resiling  of  tlie  work  of  ''  Hut  Galvanising,' '  whicli 
he  illustrated  with  speoinieiis  and  slides. 
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TESTING  LUBRICANTS. 

When  purchasing  a  lubricant  for  any  particular  purpose  the 
fact  should  not  be  lost  sight  of  that  it  is  not  always  the  price 
of  an  oil  that  denotes  its  value.  Every  machinist  knows  that 
oil  is  cheaper  than  friction,  but  few  appear  to  realise  that  a 
lubricant  must  be  strictly  adapted  to  the  work  it  has  to 
perform,  or  to  know  that  a  low-priced  oil  may  better  satisfy 
some  of  their  requirements  than  would  an  oil  of  a  higher  price . 

Comparatively  recently  coal  consumers  began  to  recognise 
that  tl^e  true  value  of  a  fuel  lay  in  the  amount  of  heat  that 
could  be  got  out  of  it,  and  now  all  coal  contracts  of  any 
magnitude  are  based  on  the  calorific  value  of  the  fuel  as  deter- 
mined by  its  combustion  in  a  bomb  calorimeter.  And  that 
being  for  all  practical  purposes  the  only  factor  the  coal  con- 
sumer need  take  into  consideration,  the  problem  of  selecting 
his  fuel  is  not  difficult  of  solution. 

For  the  oil  user,  however,  the  task  of  correctly  specifying 
the  proper  lubricant  for  his  purpose  is  far  from  being  an  easy 
one,  for  many  varying  factors  enter  into  the  problem,  even 
when  dealing  with  lubricants  for  the  same  type  of  machinery. 
Thus,  an  oil  that  would  be  quite  suitable  for  use  in  a  cylinder 
working  with  saturated  steam  would  give  poor  results  in  the 
same  cylinder  if  superheated  steam  were  used,  and  would  be 
entirely  out  of  place  in  the  cylinder  of  an  internal - 
combustion  engine.  And  so,  like  the  coal  consumer,  the  oil 
user  relies  upon  mechanical  means  for  the  solution  of  his 
problem,  and  finds  that  the  only  reliable  way  to  ascertain  the 
true  lubricating  value  of  an  oil,  or  grease,  is  to  test  it  in  an 
apparatus  specially  designed  for  the  purpose. 

It  is  claimed  for  the  Sternol  Oil  Testing  Machine  that  by 
its  aid  the  oil  user  can  not  only  have  the  correlation  that 
should  exist  between  the  machinery  to  be  lubricated  and  the 
lubricating  medium  it  is  proposed  to  employ  for  the  purpose 
accurately  determined,  but  also  automatically  recorded  for 
future  reference.  The  machine  is  a  complete  self-contained 
oil  and  grease  testing  plant,  including  a  small  high-pressure 
steam  boiler  and  superheater,  and  is  so  arranged  that  all  tests 
made  by  it  are  carried  out  under  conditions  wlaich  are  in  every 
respect  the  exact  mechanical  counterparts  of  the  work  to  be 
done  by  the  lubricant.  And  to  accomplish  this  the  speed  of 
the  machine  can  be  varied  from  50  to  3?000  revs,  per  minute, 
corresponding  to  a  speed  of  the  frictional  surfaces  of  about 
bin.  to  25ft.  per  second,  and  the  pressure  increased  from  lib. 
to  7501bs.  per  square  inch.  The  temperature  can  be  adjusted 
from  that  of  the  frictional  surfaces  when  at  rest  to  500°  C.， 
which  is  considerably  in  excess  of  the  heat  of  dry  steam  pro- 
duced under  the  highest  pressure.  By  means  of  the  steam 
boiler  and  superheater  every  variety  of  cylinder  oil  can  also  be 
tested  under  actual  working  conditions  for  saturated  or  super- 
heated steam,  the  disintegration  of  the  oil,  if  any,  and  the 
amount  of  sediment  formed  being  noted  by  flowing  the  oil 
upon  test  paper.  Perhaps  the  most  interesting  part  of  the 
machine  is  the  recording  mechanism,  which  indicates  auto- 
matically and  on  the  same  sheet  of  paper  every  stage  of  each 
testj  and  thus  the  degree  of  friction  and  the  temperature-  of 
the  frictional  surfaces  are  recorded  for  any  lubricant  ；  the 
curves  being  such  that  they  also  indicate  the  proportional 
thickness  of  the  layer  of  oil  required  to  maintain  efficient 
lubrication  at  the  given  temperature,  together  with  the  com- 
parative values  of  the  oils  in  relation  to  their  capacities  for 
withstanding  different  temperatures. 

The  machine  is  manufactured  by  the  Stern  Sonneborn  Oil 
Company,  Ltd.,  of  Finsbury  Square,  London,  E.C.,  and  we 
understand  that  they  will  test  any  sample  of  oil,  or  grease, 
submitted  to  them,  and,  with  such  data  available,  the  oil 
buyer  should  have  little  difficulty  in  selecting  with  certainty 
the  cheapest  quality  of  lubricant  capable  of  yielding  the 
highest  degree  of  efficiency  for  his  particular  purpose. 


Proposed  Abolition  of  External  Degrees  in  Engineering.— At  the 

last  meeting  of  the  Council  of  the  Society  of  Engineers  the 
following  resolution  was  passed  ：  "That  the  Council  of  the 
Society  of  Engineers  (Incorporated)  are  of  opinion  that  the 
abolition  of  the  external  degrees  in  engineering  proposed  by 
the  Royal  Commission  on  University  Education  in  London 
would  be  a  grave  injustice  to  many  engineering  students,  and 
they  are  stro'ngly  opposed  to  the  recommendation  being 
carried  into  effect." 


FACTOR  OF  SAFETY. 

In  the  course  of  a  paper  on  this  subject  read  by  Mr.  C.  E. 
Stromeyer,  before  the  Staffordshire  Iron  and  Steel  Institute, 
on  March  28th,  the  author  said  that  the  term  "  factor  of 
safety  ，'  covered  our  ignorance  of  the  real  properties  of 
materials  and  their  behaviour  when  stressed.  Much  had  been 
done  in  the  past  by  the  introduction  of  quality  tests  and  the 
use  of  testing  machines,  but  much  yet  remained  to  be  done 
before  even  engineers  could  take  the  initial  step  of  defining 
how  many  chances  there  were  for  and  against  occasional 
failures.  Let  it  be  assumed  that  a  piece  of  steel  were  placed 
before  us  of  which  the  average  test  results  showed  that  it  broke 
down  at  15  tons.  Assume  also  that  there  was  a  chance  that 
the  chemical  composition  was  not  quite  what  it  should  be,  that 
the  casting  temperature  and  subsequent  heatings  might  have 
affected  the  grain,  and  that  initial  strains  had  not  been  en- 
tirely removed,  &c.  Separate  these  various  possibilities  into, 
say,  10  influences,  of  which  each  one  would  affect  the  elastic 
limit  by  士  1  ton,  then  there  were  2I0  =  1,024  possible  combina- 
tions, and  the  chance  that  all  the  five  adverse  circumstance.s 
would  combine  together  and  result  in  a  low  breakdown  point 
of  15  —  5=10  tons  per  square  inch  was  one  in  1,024.  There 
was  also  this  one  chance  that  the  breakdown  point  would  be 
15  +  5  =  20  tons.  Against  this  there  were  252  chances  that  its 
value  would  be  equal  to  the  average  of  15  tons, and  672  chances, 
or  67  per  cent.,  that  the  breakdown  point  would  be  between  14 
and  16  tons  per  square  inch,  &c.  Suppose  now  that  nine  tests 
had  been  made  of  this  material,  then  the  results  would  very 
likely  be  as  follows  :  One  o-f  13  tons，  two  of  14  tons,  three  of 
15  tons,  two  of  16  tons,  and  one  of  17  tons.  Most  engineers 
would  accept  the  average  result  of  15  tons  and  apply  a  factor 
of  safety  without  looking  into  the  distribution  of  the  test 
results,  but  the  more  correct  procedure  would  be  to  say  ：  These 
nine  tests  indicate  that  if  we  were  to  make  1,024  tests,  one  of 
these  would  give  a  limit  of  only  10  tons  per  square  inch,  and  in 
order  to  be  safe  we  must  not  depend  on  a  higher  value.  If 
with  another  lot  of  steel,  the  test  results  should  be  as  follows : 
One  of  14，  two  of  three  of  15，  two  of  15^，  and  one  of  16， 
then  the  conclusion  to  be  drawn  would  be  that  there  was 
a  chance  of  one  failure  occurring  at  12|  tons.  On  the  other 
hand,  if  the  test  results  were  to  be  more  scattered,  say  one  test 
of  11  tons,  two  of  13，  three  of  15，  two  of  17,  and  one  of  19，  the 
conclusion  should  be  drawn  that  one  failure  per  thousand  tests 
was  likely  to  occur  at  5  tons  per  square  inch,  and  this  should 
be  the  permissible  maximum  stress.  It  would  thus  be  seen  that 
the  habit  of  engineers  to  accept  average  results  might  with 
advantage  be  replaced  by  the  one  adopted  by  astronomers, 
chemists,  and  others  who,  when  stating  average  results,  also 
added  a  士  quantity  which  indicated  the  probable  average 
error.  To  be  of  value  in  this  respect  laboratory  test  results 
should  indicate  not  the  probable  mean  error,  but  the  maximum 
one，  which  was,  of  course,  outside  the  limits  of  the  extremest 
tests.  Then,  however,  much  of  our  uncertainty  would  be 
removed,  and  the  factor  of  safety  might  be  correspondingly 
reduced. 


The  Work  of  Dr.  H.  C,  Sorby. ― At  a  recent  meeting  of  the 
Sheffield  Society  of  Engineers  and  Metallurgists,  Prof.  W.  G. 
Fearnsides,  the  first  holder  of  the  Sorby  Professorship  of 
Geology  at  Sheffield  University,  delivered  the  first  Sorby 
lecture,  and  confined  himself  to  the  work  of  Dr.  Sorby,  whom 
he  described  as  the  father  of  modern  petrography  and  of 
metallography,  in  so  far  as  it  dealt  with  igneous  rocks  and 
metals,  and  pointed  out  that  Sorby,  in  1849,  prepared  the 
first  rock  slice  ever  made.  He  began  his  work  on  metals  in 
1863，  but  for  22  years  his  observations  attracted  no  attention, 
and  when  in  1887  Prof.  Martens  in  Berlin,  and  later  M. 
Osmond  and  M.  le  Chatellier  in  Paris,  began  to  study  metals 
with  a  microscope,  they  had  to  develop  independently  and 
anew  the  craft  which  Sorby  had  invented  many  years  before. 
It  was  in  1885，  by  the  use  of  lenses  of  high  resolving  power 
and  great  magnification,  that  he  first  saw  the  true  nature  of 
the  "  pearly  constituent  "  of  steel  as  an  aggregate  of  parallel 
plates,  which  discovery,  being  the  earliest  recognition  of  the 
crystallisation  of  a  solid  solution,  might  be  reckoned  the 
crowning  achievement  of  his  microscopical  research. 
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CURRENT-LIMITING  REACTANCES  ON  LARGE  POWER 
SYSTEMS.* 

ItY  K.  M.  FAYE-HANSEN  AND  J.  S.  PK(  K. 

Qnk  of  tlie  most  striking  developments  in  connection  witli 
the  supply  of  electrical  energy  is  the  rapid  rate  at  which 
generating  stations  and  generating  units  are  increasing  in 
size.  This  increase  is  due  not  only  to  the  more  general  use 
of  electricity  for  lighting  and  for  domestic  pui-poses,  but  to 
the  fact  that  large  manufacturing  firms,  tramways,  railways, 
and  other  large  employers  of  labour,  are  finding  it  ('lie;ip''r 
to  purchase  elect rica'l  energy  tUnn  to  generate  it  in  their 
own  power  stations.  Thus  an  ever-increasing  proportion  of 
the  community  is  becoming  dependent  upon  the  continuity 
of  supply  from  these  stations,  and  the  time  is  fast  approaching 
when  a  serious  disaster  to  a  large  supply  station  may  pass 
from  a  mere  inconvenience  to  a  civic  calamity.  On  account 
of  their  size,  however,  these  large  stations  have  a  power  of 
causing  internal  and  external  damage  quite  beyond  tliat 
possessed  by  a  station  of  small  or  moderate  size  ；  it  is  there- 
fore incumbent  upon  their  designers  not  only  to  use  every 
means  to  prevent  accidents,  but  to  make  such  provision  that, 
if  accidents  do  occur,  the  amount  of  damage  shall  be  reduced 
to  a  minimum  and  the  trouble  confined  to  the  particular 
section  of  the  plant  where  it  occurs.  To  accomplish  these 
results  current-limiting  reactances  are  being  extensively 
adopted. 

The  general  effect  produced  by  a  series-reactance  is  a  drop 
in  voltage  in  the  circuit,  provided  the  power  factor  is  unity 
or  lagging  ；  and  the  greater  the  lag  the  greater  is  the  drop 
in  voltage.  The  power  factor  is  also  decreased  on  account  of 
the  reactive  kilovolt-amperes  of  the  choke  coil.  It  may  be 
stated  that  the  number  of  kilovolt-amperes  at  zero  power 
factor  is  increased  by  the  kilovolt-amperes  of  the  reactance 
coil.  This  is  but  another  way  of  saying  that  the  wattless 
kilovolt-amperes  of  the  choke  coil  may  be  added  arithmetically 
to  tlie  other  wattless  kilovolt- ampere  components  of  the 
circuit  in  order  to  give  the  total  wattless  kilovolt-amperes. 
Thus  it  is  evident  that  the  introduction  of  reactance  affects 
the  regulation  and  power  factor  of  the  system  ；  and  these  are 
two  of  the  factors  which  determine  the  sizes  that  should  be 
placed  in  generator  leads  or  feeders. 

In  general,  reactance  coils  may  be  placed  in  any  one  or 
more  of  the  following  positions  ：  (1)  In  the  generator  leads; 
(2)  in  the  feeders  ；  (3)  between  sections  of  the  busbars.  In 
the  various  positions  their  effect  upon  the  following  should 
be  considered  :  (a)  Generators  ；  (b)  circuit-breakers  ；  (c)  volt- 
age of  supply  ；  (d)  continuity  of  service.  The  different 
conditions  of  operation  to  be  considered  are  ：  (a)  Normal 
operation  ；  (b)  short-circuit  on  feeder  ；  (c)  short-circuit  on  bus- 
bars ； (d)  short-circuit  on  generator. 

The  advantages  of  placing  reactances  in  the  generator 
leads  only  may  be  summarised  as  follows  :  (1)  The  busbar 
voltage  may  be  kept  constant,  giving  the  same  voltage  on 
all  feeders  ；  (2)  no  damage  to  the  generators  in  the  case  of 
a-  short-circuit  on  a  feeder  or  busbar  ；  (3)  no  damage  to  the 
generator  circuit-breakers  in  any  case  ；  (4)  synchronous 
apparatus  will  not  fall  out  of  step  in  the  case  of  a  short- 
circuit  on  the  generator.  And  the  disadvantages  ：  (1 ) 
Enormous  current-rush  into  a  short-circuit  on  a  feeder  ；  (2) 
excessive  load  on  the  feeder  circuit-breaker  in  the  case  of  a 
fault  on  a  feeder  ；  (3)  synchronous  apparatus  may  fall  out  of 
step,  and  a  complete  shut-down  may  follow  a  short-circuit  on 
a  feeder  or  busbar. 

Reactances  in  generator  leads  alone  are  of  little  value 
except  for  protecting  generator  windings  and  circui 仁 breakers, 
as  they  offer  no  guarantee  of  continuity  of  service  except  in 
the  case  of  the  breakdown  of  a  generator.  Their  size  will 
therefore  be  determined  by  the  robustness  of  the  generators 
and  the  circuit-breakers.  Assuming  that  the  average  gene- 
rator has  a  reactance  of  6  per  cent.,  and  6  per  cent,  is  added 
in  an  external  coil,  the  maximum  current  that  can  flow 
equals  8^  times  the  normal  current,  or  somewhat  more  than 
this  due  to  the  doubling  effect.  Any  generator  should  be 
able  to  stand  a  current-rush  of  this  magnitude.  If  the 
generator  has  8  per  cent,  reactance,  then  4  per  cent,  in  the 
external  coil  will  limit  the  current  to  the  same  value.  Where 
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a  step-up  transformer  is  connected  between  the  generators 
and  busbars  it  may  be  designed  with  high  internal  reactance, 
thus  giving  the  effect  of  a  reactance  coil  without  any 
appreciable  additional  cost. 

The  advantages  of  reactance  in  the  feeders  are :  (1 )  A 
short-circuit  on  a  feeder  causes  no  serious  disturbance  on  the 
sy .stern,  and  there  is  no  excessive  overload  on  circuit-hreakerH 
or  generators  ；  (2)  the  feeder  circuit-breakers  may  be  of 
smaller  breaking  capacity  than  those  where  feeder  reactances 
are  not  used  ；  (3)  the  tendency  of  synchronous  apparatus  to 
feed  back  in  the  case  of  a  busbar  fault  is  slightly  reduced  \,v 
the  feeder  reactances.  The  disadvantages  are  ：  (1)  The 
voltage  drop  on  the  feeders  will  vary  with  the  load  and  can- 
not be  compensated  for  by  varying  the  busbar  voltage  ；  (2)  a 
short-circuit  on  the  busbar  or  generators  is  a  short-circuit 
directly  on  the  terminals  of  all  generators.  The  generator 
windings  and  circuit-breakers  may  be  damaged  and  the  com- 
plete plant  shut  down  ；  (3)  a  short-circuit  on  any  generator 
or  between  any  generator  and  its  circuit-breaker  may  throw 
an  excessive  load  on  this  circuit-breaker,  and  if  it  fails  to 
clear  the  fault  the  whole  system  will  be  shut  down. 

The  size  of  the  feeder  reactances  will  depend  on  the 
capacity  of  the  feeder,  as  compared  with  that  of  the  gene- 
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rators,  and  upon  the  breaking  capacity  of  the  feeder  circuit- 
breaker.  Thus  if  the  rating  of  a  feeder  is  one-quarter  that 
of  a  generator,  a  reactance  of  3  per  cent,  in  the  feeder  will 
pass  no  more  current  than  will  a  total  reactance  of  12  per 
cent,  in  the  generator,  while  if  there  are  several  generators 
in  parallel,  the  effect  of  the  feeder  reactances  is  proportionally 
increased.  Thus  unless  the  total  feeder  rating  is  very  great Iv 
in  excess  of  that  of  the  generators,  the  total  kilovolt-ampere 
capacity  of  the  feeder  reactances  may  be  less  than  the  kilovolt- 
ampere  capacity  of  the  generator  reactances,  though  the 
number  will  in  general  be  much  larger.  In  certain  cases  it 
may  be  desirable  to  group  the  feeders  and  use  one  set  of 
reactances  for  the  group,  thus  greatly  reducing  the  number 
of  reactances.  If  the  feeders  are  of  very  great  capacity  com- 
pared with  the  generators,  the  feeder  reactances  must  be 
much  larger  and  their  use  may  not  be  justified.  Where 
step-up  transformers  form  part  of  the  feeders  the  transformers 
may  be  designed  with  high  internal  reactance  without 
appreciable  increase  in  cost. 

The  only  purpose  in  installing  busbar  reactances  is  to  limit 
the  amount  of  current  that  can  flow  into  a  fault  on  one 
section  of  the  busbars,  and  so  to  confine  the  disturbance  to 
that  part  of  the  system  on  which  the  fault  occurs.  Viewed 
from  this  point  only,  the  greater  the  reactance  the  better  the 
result  ；  in  fact,  the  purpose  would  be  accomplished  perfectly 
by  isolating  the  sections  entirely.  From  economical  con- 
siderations, however,  it  is  highly  desirable  to  operate  all  the 
generators  of  a  station  in  parallel.  As  a  compromise,  react- 
ances are  chosen  of  such  a  value  as  to  permit  parallel  opera- 
tion during  normal  conditions,  even  with  a  considerable 
exchange  of  energy  between  the  sections  ；  while  in  the  event 
of  a  short-circuit  occurring  on  any  section,  the  current-rush  is 
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limited  to  such  a  value  as  not  seriously  to  interfere  with  the 
operation  of  other  sections. 

In  order  to  obtain  a  concrete  idea  of  the  values  involved 
in  a  specific  case,  an  arrangement  will  be  taken  such  as  is 
shown  in  Fig.  1.  Eight  10,000  kw.  10,000-volt  generators 
are  connected  to  the  busbars,  which  are  divided  into  two 
sections  by  reactance  coils.  Feeders  D  supply  a  load  of 
60,000  kw.  at  0.8  power  factor,  and  feeders  E  a  load  of 
20,000  kw.  at  the  same  power  factor.  The  voltages  on  D  and 
E  are  to  be  kept  equal,  and  all  generators  are  to  carry  equal 
kilowatt  loads.  It  is  evident  that  one  group  of  generators 
must  supply  20,000  kw.  to  the  busbars  fed  by  the  other  group. 
Let  the  reactance  coil  be  of  such  a  size  that  with  the  current 
corresponding  to  20,000  kw.  flowing  through  it  the  voltage 
across  it  will  be  25  per  cent,  of  the  normal.  The  capacity  of 
this  reactance  =  5,000  k.v.a.  3-phase,  or  1,660  k. v. a.  for  each 
phase.  Draw  OA  and  O  B，  making  A  B  =  25  per  cent,  of 
OA.  O  D  and  O  E  represent  the  feeder  currents  laid  off  to 
the  proper  scale,  each  lagging  approximately  37°  behind  its 
busbar  voltage,  O  D  being  three  times  O  E.  D  F  and  E  C 
represent  the  currents  through  the  reactance.  O  C  is  then 
the  current  supplied  by  generators  A，  and  O  F  that  supplied 
by  generators  B.  Since  with  a  current  corresponding  to  the 
capacity  of  two  generators  the  drop  across  the  reactance  is 
25  per  cent,  of  the  normal,  the  maximum  current  that  can 
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pass  witli  full  voltage  across  the  coil  is  that  corresponding 
to  the  normal  current  of  eight  generators,  though  this  may 
be  increased  somewhat  on  account  of  the  doubling  effect. 

This  current  is  considerably  less  than  a  single  generator 
can  give  at  the  instant  of  short-circuit,  and  is  about  the 
same  as  would  be  given  by  one  generator  after  the  time 
interval  required  for  a  circuit-breaker  to  open,  so  that  the 
effect  of  the  short-circuit  would  be  no  more  severe  than  would 
be  the  case  if  there  were  a  total  of  five  generators  coupled 
to  one  busbar.  In  a  very  large  station  the  busbars  would 
probably  be  separated  into  several  groups  of  from  20,000  kw. 
to  40,000  kw.  capacity  each.  In  a  case  of  this  kind  the 
amount  of  energy  that  it  may  be  necessary  to  transfer 
between  sections  is  assumed  and  the  reactances  made  large 
enough  to  limit  the  current  to  a  reasonable  value  in  case  of  a 
short-circuit,  but  not  too  large  for  satisfactory  parallel  opera- 
tion. A  size  that  will  give  50  per  cent,  of  normal  voltage 
with  the  full-load  current  of  one  busbar  section  is  usually 
a  reasonable  value  to  choose. 

The  use  of  busbar  reactances  is  carried  to  the  extreme 
when  the  busbar  is  divided  by  them  into  as  many  sections  as 
there  are  generators.  Fig.  2  shows  an  arrangement  of  this 
kind  where  there  are  eight  generators  and  eight  reactances. 
It  is  assumed  that  each  generator  is  of  10,000  kw.  capacity, 
that  the  load  on  the  D  feeders  is  60,000  kw.,  and  that  on  the 
E  feeders  20,000  kw.  Then  if  all  generators  are  to  be  equally 
loaded  the  A  group  must  supply  20,000  kw.  to  the  D  feeders. 
Assume  that  ail  E  feeders  are  equally  loaded  and  that  all 


the  D  feeders  are  equally  loaded.  Then  through  R4  and  R8 
must  pass  10,000  kw.,  and  through  R1?  R3，  and  R7 
5,000  kw.  Since  the  busbar  units  are  small,  and  it  may  be 
necessary  to  transfer  energy  through  two  or  more  reactances 
in  series,  they  should  be  made  smaller  than  where  the  busbar 
sections  are  larger  in  size  but  fewer  in  number. 

Assume  the  voltage  across  reactances  R4  and  Rg  to  be 
25  per  cent,  of  the  normal,  corresponding  to  an  angular  dis- 
placement of  voltage  of  approximately  15°.  The  voltage 
across  reactance  R1?  R3，  R5，  and  R7  will  be  12*5  per  cent., 
corresponding  to  an  angular  displacement  of  approximately 
7h°.  Fig.  2  shows  the  voltage  relations  that  exist  between 
the  different  generators.  It  is  improbable  that  the  load  on 
any  busbar  section  will  greatly  exceed  the  capacity  of  the 
generator  connected  to  that  section,  so  that  the  conditions 
given  above  are  as  severe  as  are  likely  to  be  experienced  in 
actual  service  ；  but  even  with  a  considerably  more  unequal 
distribution  of  load  there  should  be  no  trouble  in  parallel 
operation.  Arrangements  will  always  be  made  for  short- 
circuiting  any  reactance,  so  that  in  the  event  of  a  generator 
being  shut  clown  the  feeders  connected  to  its  busbar  section 
may  be  supplied  directly  from  one  of  the  adjacent  generators. 
Arrangements  must  also  be  made  for  opening  the  busbars 
between  any  two  generators  iu  order  to  isolate  any  section 
of  the  busbars  that  might  develop  a  fault. 

With  the  arrangement  shown  in  Fig.  2  assume  that  a 
short-circuit  occurs  on  the  busbar  section  supplied  by  B^. 
The  voltage  on  this  generator  would  fall  to  zero,  and  it  would 
supply  maximum  current  into  the  fault.  If  the  voltage  on 
AL  and  B3  kept  up  to  normal  for  an  instant，  each  of  them 
would  feed  into  the  short-circuit  four  times  normal  current  ； 
but  on  account  of  the  reactance  in  each  armature  circuit, 
which  may  be  taken  at，  say,  5  per  cent.,  the  current  would 
be  100/(25  +  5)  =  3'3  times  normal,  and  would  drop  quickly 
to  a  much  lower  value.  The  voltage  at  the  same  time  would 
drop  to  perhaps  50  per  cent,  of  the  normal.  As  soon  as  the 
voltage  on  Ax  and  B3  begins  to  fall,  generators  A2  and  B3 
start  to  supply  current  through  reactances  Rx  and  R6.  These 
currents  would  reduce  to  a  slight  extent  the  voltages  on  A2 
and  B2，  but  would  tend  to  raise  the  voltages  ou  Ax  and  B3. 
Similarly,  A3  and  BL  would  tend  to  supply  current  through 
reactances  R2  and  R-  as  soon  as  the  voltages  on  A2  and  B2 
begin  to  fall.  The  effect,  however,  on  the  voltage  of  these 
generators  would  be  practically  negligible.  To  determine 
^definitely  the  voltage  on  each  generator  and  the  current 
flowing  through  each  reactance  is  a  somewhat  complicated 
problem,  and  requires  definite  data  as  to  the  characteristics 
of  each  generator,  but  sufficient  has  been  said  to  indicate  the 
general  effect  of  the  reactances  in  limiting  the  rush  of  current 
and  the  damage  that  can  be  done.  Another  advantage  of 
using  reactances  between  each  generator  is  that  it  greatly 
reduces  the  chances  of  damaging  a  generator  in  the  event  of 
a  mis-phase,  a  feature  of  considerable  importance. 

The  advantages  of  busbar  reactances  are :  (1)  Trouble  is 
confined  to  the  particular  section  on  which  the  fault  occurs  ； 
(2)  the  amount  of  current  that  can  be  fed  into  a  fault  is 
reduced  ；  (3)  the  danger  in  the  case  of  bad  synchronising  is 
considerably  reduced.  And  the  disadvantages  :  (1)  No  pro- 
tection to  a  generator  is  given  when  a  short-circuit  occurs  on 
or  near  its  busbar  section  ；  (2)  the  generators  coupled  to  the 
different  busbar  sections  must  be  operated  with  a  certain 
angular  displacement  in  their  voltages. 

Reactances  between  busbar  sections  may  be  exceedingly 
useful  for  confining  any  disturbance  on  the  system  to  that 
particular  section  on  which  the  trouble  occurs,  and  thus  it  is 
possible  to  operate  a  large  number  of  generators  or  two  or 
more  stations  in  parallel  with  almost  the  same  factor  of 
safety  against  a  complete  shut-down  as  though  they  were 
operated  separately.  It  is  seldom,  however,  that  busbar 
reactances  are  used  except  in  conjunction  with  reactances  in 
generators  or  feeders,  and  it  is  proposed  now  to  discuss  very 
briefly  their  combined  use. 

Since  the  principal  object  of  the  generator  reactances 
is  to  protect  the  generator  windings,  these  will  naturally  he 
chosen  with  reference  to  the  characteristics  of  the  generator, 
and  evidently  one  will  be  placed  in  each  generator  lead.  The 
励 re  completely  the  busbars  are  divided  up  by  reactance? 
tlie  smaller  will  be  the  portion  of  the  system  affected,  and 
from  this  point  of  view  reactance  is  desirable  between  each 
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generator  and  the  next  ；  us  tliis  may  involve  son 出 sligld 
cotn])lic;it-ioiis  in  Hie  normal  operation  of  the  plant,  ii  may 
be  considered  desirable  to  operate  with  several  generators 
coniieoted  io  the  same  busbar  section.  Tlie  size  of  tlie 
reactances  will  be  determined  by  the  amouiil  of  energy  tli;it 
must  be  transferred  from  one  section  to  another,  and  by 
considerations  of  successful  parallel  running.  Tlie  advaiit;i<rc 
of  this  coniliiiiatioii  over  the  use  of  re;ici;uices  in  generators 
alo,ie  is  very  great,  as  it  confines  the  trouble  to  the  particular 
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busbar  section  affected  ；  it  reduces  the  load  on  the  feeder 
circuit-breaker,  and  reduces  the  damage  at  the  fault.  Per- 
fectly satisfactory  operation  should  be  obtained  with  this 
arrangement. 

Reactances  will  be  placed  in  all  feeders  or  alternatively 
in  all  feeder  groups.  Their  size  will  be  determined  by  the 
capacity  of  the  feeder  or  group,  with  reference  to  the  capacity 
of  the  busbar  section  and  with  reference  to  the  breaking 
capacity  of  the  circuit-breaker.  This  arrangement  probably 
gives  the  greatest  possible  freedom  from  serious  operating 
troubles,  for  the  feeder  reactances  protect  from  all  troubles 
outside  the  station,  while  the  busbar  reactances  confine  any 
internal  trouble  to  the  busbar  section  on  which  it  occurs. 
The  objections  are  that  it  affords  no  protection  to  the  gene- 
rators in  case  of  a  short-circuit  on  the  busbars,  that  it  requires 
a  large  number  of  reactance  coils  unless  group  feeding  is 
adopted,  and  that  it  affects  the  regulation  of  the  feeders, 
though  this  will  ordinarily  be  of  minor  importance.  If  the 
generators  can  safely  withstand  a  short-circuit,  or  if  the 
chance  of  a  short-circuit  on  the  busbars  is  considered  negli- 
gible, some  form  of  this  arrangement  probably  offers  the 
most  complete  solution  of  the  problem. 

It  has  been  attempted  in  the  foregoing  discussion  to 
indicate  the  advantages  and  disadvantages  resulting  from 
the  use  of  reactance  coils  placed  in  different  positions  in  a 
power  station,  but  when  it  is  attempted  to  apply  this  know- 
ledge to  a  concrete  case  there  are  so  many  factors  to  be 
considered  that  the  determination  of  the  best  possible 
combination  becomes  a  difficult  problem.  For  example,  if 
the  busbars  are  divided  into  sections  by  reactance  coils,  and 
the  different  sections  feed  into  the  same  busbars  at  one  or 
more  sub-statious,  the  impedance  of  the  cables  connecting 
the  different  sections  may  be  far  less  than  that  of  the 
reactance  coils,  so  that  much  of  the  advantage  gained  by 
using  the  reactance  coils  is  lost.  Also  there  is  the  possibility 
that  when  one  section  is  more  heavily  loaded  than  another, 
the  cables  on  one  section  will  be  overloaded,  due  to  the 
angular  displacement  in  voltage  between  the  sections.  Tims 
it  is  desirable  when  using  busbar  reactanceg  to  feed  one  sub- 
station from  one  section  of  the  busbars  rather  than  from 
several  sections,  or,  failing  this,  to  use  fairly  large  feeder 
reactances.  When  the  feeders  are  very  long  this  may  not  be 
of  importance.  When  suitable  feeder  arrangements  ran  l)e 
made,  there  seems  no  donht  as  to  tlie  great  desirahilit  v 
using  hushar  reactances  in  lar^e  stations  as  an  insurance 
against  a  complete  shut-down.     In  the  case  of  feeder  react- 


ances, tlie  greatest  flexibility  is  obtained  "y  placing  reactan*  (- 
hi  each  feeder  ；  tliis  is  quite  feasible  where  the  feeders  a'e 
of  large  size  and  comparatively  few  in  number,  but  where 
t  here  are  many  feeders  of  small  size  the  number  of  react  an*  ** 
coils  becomes  excessive  and  grotjp  feeding  must  l)e  adopted. 

Reactances  iti  generator  leads  present  the  simplest 
problem,  once  it  has  been  decided  to  install  tliem.  The  only 
difficulty  is  to  determine  whether  tliey  are  necessary  i" 
aclditioii  io  the  busbar  reactances.  The  following  point  、 
should  be  considered  :  If  the  generators  will  stand  a  -liort- 
circuit,  reactances  serve  very  little  purpose  except  to  protect 
the  system  in  case  of  a  generator  breakdown  and  to  reduc' 
to  a  small  extent  the  current  that  flows  into  a  short-circuit. 
B usbars  may  be  so  thoroughly  insulated  as  to  reduce  tli'' 
possibility  of  a  sliort-circuit  to  almost  a  uegligible  amount. 
It  is  now  becoming  fairly  common  practice  to  use  single-core 
cable  between  the  generators  and  busbars.  These  cables  can 
be  so  arranged  that  an  "  earth  "  is  almost  certain  to  occur 
before  a  short-circuit,  and  a  suitable  discriminat inj;  (Icvu-c 
will  cut  off  tlie  generator  and  open  its  field  circuit  the  instant 
that  an  "  earth  "  occurs.  Thus  the  chances  of  a  short-circuit 
on  the  generator  terminals  may  be  greatly  reduced.  i>ut 
there  is  still  the  possibility  of  a  mis-phase  where  more  than 
one  generator  is  connected  to  the  ？ a  me  busbar  section  ；  and  if 
the  generator  will  not  withstand  such  an  accident  it  will  be 
advisable  to  use  reactances  in  its  leads. 

In  order  to  show  a  typical  lay-out  for  a  large  station,  t  In- 
following  conditions  have  been  assumed  :  Total  generator 
capacity,  100,000  kw.  ;  seven  generators  (four  of  10,000  kw. 
and  three  of  20,000  kw.);  feeders  of  2,000  kw.  and  5,000  kw.， 
the  2,000  kw.  feeders  being  arranged  in  groups  of  10,000  kw. 
each.  A  diagram  of  connections  is  shown  in  Fig.  3.  In 
tliis  case  the  busbars  are  divided  into  five  sections  of 
20,000  kw.  each.  Each  section  of  the  busbar  is  fed  either  by 
one  large  generator  or  by  two  small  ones.  Between  eacli 
busbar  section  is  connected  a  reactance  coil,  which,  with  1  li" 
full-load  current  of  one  busbar  section,  will  give  a  voltage 
across  it  equal  to  50  per  cent,  of  the  normal.  Each  reactance 
coil  is  arranged  so  that  it  may  be  short-circuited  by  means 
of  an  oil  circuit-breaker,  and  an  oil  circuit-breaker  is  also 
placed  between  sections  of  the  busbars'.  A  ring  busbar  system 
is  adopted,  which  increases  considerably  the  flexibility  of 
the  arrangement.  Each  group  of  feeders  will  have  in  seri'  、 
with  it  a  reactance  coil,  which  should  be  of  such  a  size  tl，：'t 
with  the  group  fully  loaded  there  will  be  a  voltage  arm"  it 
of  approximately  5  per  cent.    Each  5,000  kw.  feeder  should 

reactance  coil,  which  will  have  a 
full-load  voltage  across  it  of  ap- 
proximately  2^  per  cent.  I  it 
series  with  eacli  generator  tliere 
slioulrl  be  a  reactance  of  approxi- 
mately 5  per  cent.  It  is  prefer- 
able to  have  each  sub-station  fed 
from  one  section  of  the  busbars 
in  order  that  circulating  currents 
may  not  flow  through  the  cables 
from  one  busbar  section  to 
another.  The  ring-main  busbars 
and  double  set  of  feeder  switches 
permit  any  sub-station  to  he 
switched  over  to  another  section 
in  case  of  necessity.  Discrimina- 
ting devices  should  be  provide<I 
so  that  in  the  event  of  an 
" earth  ，，  on  any  feeder  it 
will  be  cut  out.  Also  eadi 
generator  should  be  arranged  in  a  similar  manner,  so  tliat 
it  will  be  cut  out  in  the  case  of  an  "  earth  ，'  or  other  fault 
developing  on  it. 

Current-limiting  reactance  coils  have  heretofore 
designed  almost  exclusively  without  iron  in  the  ina^nrt  - 
circuit.  The  larger  coils  have  usual lv  been  cooled  bv  m*"ii 卜 
of  an  air  blast.  On  account  of  the  great  shocks  to  wliich 
these  coils  are  subjected  it  is  necessary  to  adopt  a  very  strong 
mechanical  const  ruction,  and  tlie  wiiulin^  must  be  so 
laminated  as  to  reduce  the  eddy  currents  caused  hv  the  ^trav 
fields.  The  General  Electric  Coinpanv  of  America  use  a 
winding  of  stranded  cable  wound  in  concentric  layers.  Tl"' 
core  is  of  concrete,  and  the  different  turns  aud  layers  of  the 
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winding  are  spaced  and  held  rigidly  in  position  by  spacing 
blocks  of  porcelain  which  are  bolted  together  and  to  the 
core,  thus  making  an  extremely  rigid  construction.  Each 
coil  is  usually  placed  in  a  cubicle  made  of  bricks  or  tiles, 
which  acts  as  a  flue  for  guiding  the  air  blast  through  the 
coil  and  prevents  any  person  from  coming  in  contact  with  the 
winding.  On  account  of  the  heavy  stray  field  outside  the  coil 
it  is  impossible  to  place  it  in  a  metal  case,  and  it  is  advisable 
to  keep  it  a  considerable  distance  from  any  steel  structure. 

The  American  Westinghouse  Company  use  a  winding  of 
stranded  cable,  but  wind  a  number  of  pancake  cores  which 
are  placed  side  by  side.  There  is  no  central  coil,  and  the 
turns  and  layers  are  held  in  position  by  means  of  fireproof 
partitions  which  are  bolted  together.  This  gives  a  very  sound 
mechanical  construction,  and  is  easily  adaptable  for  a  wide 
range  of  capacities. 

The  air-core  construction  has  been  adopted  upon  the 
assumption  that  it  would  not  be  possible  to  use  an  iron  circuit 
and  obtain  a  straight  line  relation  between  the  voltage  and 
current  without  increasing  the  size,  price,  and  losses  in  the 
coils.  While  this  may  be  true  for  feeder  reactances  where 
the  maximum  short-circuit  current  is  perhaps  20  to  30  times 
the  normal  current  that  the  coils  must  carry  without  over- 
heating, it  is  not  true  in  the  case  of  busbar  reactances  where 
the  maximum  current  will,  as  a  rule,  not  be  more  than  four 
to  ten  times  the  normal  current,  and  under  certain  circum- 
stances the  coil  with  a  partial  magnetic  circuit  will  prove 
more  economical  than  the  air  core  even  for  generator  react- 
ances. The  larger  the  capacity  of  a  reactance  coil  and  the 
lower  the  frequency,  the  less  will  be  the  advantage  obtained 
by  using  iron  in  the  magnetic  circuit. 

Fig.  4  shows  diagrammatically  the  construction  of  a  choke 
coil  having  a  partial  iron  circuit.  It  will  be  noted  that 
inside  the  coil  there  is  no  iron,  and  therefore  the  air  gap  is 
very  large,  while  the  coils  are  enclosed  by  a  complete  iron 
circuit .  This  construction  has  the  following  advantages 
compared  with  air  choke  coils:  (1)  Under  normal  working 
conditions  there  is  no  external  field,  so  that  the  whole  coil 
may  be  placed  in  a  metal  tank  without  fear  of  eddy  currents, 
as  though  it  were  a  transformer.  (2)  The  coil  may  be 
operated  in  oil,  thus  avoiding  the  necessity  for  forced  cooling, 
though  the  air-blast  type  can  be  used  if  preferred.  (3)  Less 
room  in  the  station  will  be  required,  as  it  is  possible  to  place 
the  apparatus  in  the  same  position  as  a  transformer  and  to 
handle  it  just  as  though  it  were  a  transformer.  (4)  The  metal 
containing  case  may  be  earthed  so  that  there  can  be  no 
danger  from  accidental  contact  with  the  coil.  (5)  It  is  not 
essential  to  use  a  laminated  cable  winding,  as  the  direction 
of  the  flux  is  such  that  a  solid  winding  may  be  arranged  by 
careful  designing  to  avoid  any  serious  loss.  (6)  The  con- 
struction being  practically  the  same  as  that  of  a  transformer, 
standard  transformer  parts  may  be  used  to  a  very  great 
extent,  thus  reducing  development  costs  and  the  time  required 
for  manufacturing. 

Lubrication  of  Air  Compressor  Cylinders. ― A  pamphlet  recently 
issued  by  the  Fidelity  and  Casualty  Company  con- 
tains the  following  information  relating  to  the  lubrication  of 
air  compressor  cylinders.  Recent  disastrous  explosions  in 
air  compressor  systems  indicate  the  danger  existing  from  the 
use  of  ordinary  engine  oil  in  air  cylinders.  Only  a  pure 
mineral  oil  with  a  flash  point  as  high  as  good  lubricating 
qualities  will  permit,  should  be  used.  An  excess  amount  of 
lubricant  should  be  avoided.  As  air  receivers  are  liable  to 
explosion  from  accumulated  oil  deposits,  every  receiver 
should  be  equipped  with  a  pressure  gauge,  safety  valve,  and 
proper  drains.  All  reservoirs  and  pockets  in  the  air  line 
where  there  might  be  deposits  should  be  drained  frequently 
and  cleaned.  It  is  bad  practice  to  have  the  air  compressor 
inlet  in  a  hot  or  dusty  room.  The  air  should  be  as  cool  and 
clean  as  possible.  The  practice  of  throwing  paraffin  oil  into 
the  compressor  inlet  to  clean  it  is  extremely  dangerous. 
Lubrication  of  the  air  cylinder  with  soapsuds  (preferably 
made  of  one  part  soft  soap  to  15  parts  water)  for  a  few  hours 
each  week,  or  less  frequently  if  the  load  is  light,  will  aid 
materially  in  keeping  the  cylinder  clean.  To  prevent  rust 
discard  the  soap  and  feed  oil  into  the  cylinder  about  an 
hour  before  shutting  down.  The  receiver  blow-off  should 
then  be  opened  and  the  accumulation  of  oil  and  water 
drained  off. 


THE  USE  OF  HEAVY  OIL  FUEL 

In  the  course  of  a  paper  on  this  subject  read  before  the 
American  Institute  of  Mining  Engineers,  Mr.  W.  N.  Best 
said  that  the  advent  and  popularity  of  automobiles  and  oil 
engines  had  created  such  a  demand  for  by-products  of  fuel 
oil  that  it  had  now  become  too  valuable  to  be  used  as  fuel, 
notwithstanding  its  excellent  quality.  The  manufacturing 
world  must,  therefore,  install  in  future  some  system  by  which 
heavier  oils  could  be  used.  Efforts  had  been  made  in  the 
eastern  parts  of  the  United  States  during  the  past  year  and 
a  half  to  burn  the  heavy  petroleum  from  the  Mexican  fields, 
which  had  an  average  gravity  of  14°  Baume.  Through  igno- 
rance, when  attempting  to  use  this  oil,  no  means  were  pro- 
vided for  heating  the  fuel  in  the  storage  tank  ；  the  oil  pump 
which  had  been  used  for  ordinary  fuel  was  not  changed  to 
adapt  it  for  a  heavier  fuel  ；  the  oil  pipe  lines  were  not  laid 
so  that  the  fuel  would  be  constantly  in  circulation.  The 
object  of  heating  the  crude  oil  was  to  reduce  its  viscosity, 
and  it  should  be  heated  in  the  storage  tank  to  a  temperature 
that  would  allow  it  to  be  pumped  easily.  The  oil  should  be 
heated  in  the  supply  and  overflow  pipes  by  running  a  steam 
pipe  alongside  of  them,  and  enclosing  both  in  an  8in.  square 
box,  which,  when  the  pipes  had  been  tested,  was  filled  with 
dry  sand.  By  regulating  the  amount  of  steam  passing  through 
the  heater  pipe,  the  oil  was  supplied  to  the  burners  at  a  tem- 
perature just  below  its  vaporising  point.  When  the  pipes 
were  enclosed  in  the  manner  described  only  a  small  quantity 
of  steam  was  needed,  and,  by  laying  the  steam  pipe  below 
the  oil  pipe  in  the  box,  it  was  accessible  at  all  times.  Some 
preferred  to  heat  the  oil  by  passing  a  §in.  steam  pipe  through 
the  oil-supply  pipe.  The  first  cost  of  this  was  cheaper,  but, 
if  the  steam  pipe  should  leak,  it  was  difficult  to  make  the 
necessary  repairs.  Coating  the  oil-pipe  threads  with  a  paste 
consisting  of  litharge  and  glycerine  before  assembling  would 
prevent  leakage.  The  unions  should  be  ground  joint.  Gum 
or  rubber  should  never  be  used,  and  lead  gaskets  should  be 
used  in  flanges.  Malleable-iron  beaded  fittings  should  be 
used  on  all  oil-pipe  lines.  The  advantage  of  accurately  heat- 
ing the  oil  to  the  desired  temperature  was  shown  by  some 
tests  in  which  a  saving  of  20  per  cent,  of  Mexican  crude  oil 
required  was  made  by  heating  it  to  160°  Fah.  (10°  below  its 
vaporising  point)  instead  of  120°  Fah.  The  control  of  tem- 
perature was  so  important  that  thermometers  should  be  used 
in  direct  contact  with  the  fuel  as  it  passed  to  the  burner. 
Two  or  three  such  thermometers,  well  located,  would  save 
much  oil  and  increase  the  output  of  the  furnaces.  The  over- 
heating of  the  oil  might  readily  be  detected  by  the  puffing  of 
the  burner,  due  to  escaping  vapour. 


Power  Economics  for  Intermittent  Loads. ― In  this  paper,  re- 
produced in  our  issues  of  March  20th  and  27th,  the  author 
has  drawn  our  attention  to  two  errors.  On  page  300，  line 
9  from  bottom  of  first  column,  the  advantage  in  favour  of 
the  electric  winding  equipment  is  given  as  £440.  This  should 
read  £640.  On  page  301  the  description  on  the  curves, 
Fig.  7，  should  read  "  Percentage  of  no-load  speed  "  and  not 
" Percentage  of  full-load  speed." 

The  Incorporated  Municipal  Electrical  Association. ― The  pre- 
liminary programme  of  the  19th  Annual  Convention,  to  be 
held  in  Birmingham  from  June  15th  to  20th,  has  now  been 
issued.  An  address  will  be  delivered  by  Mr.  R.  A.  Chattock, 
president  of  the  association,  chief  electrical  engineer  of  the 
Corporation  of  Birmingham.  The  papers  to  be  read  include 
the  following :  "  The  Commercial  Development  of  Electrical 
Supply  in  Towns  of  Moderate  Size/'  by  Mr.  W.  A.  Vignoles, 
chief  electrical  engineer  of  the  Corporation  of  Grimsby.  ( 'The 
Design  and  Operation  of  Modern  Boiler-house  Plant,"  by 
Mr.  S.  E.  Fedden,  past-president,  chief  electrical  engineer  of 
the  Corporation  of  Sheffield.  ' '  The  Standardisation  of 
Tariffs,"  by  Mr.  J.  Horace  Bowden,  chief  electrical  engineer 
of  the  Corporation  of  Poplar.  Visits  are  being  arranged  to 
a  large  number  of  works  and  places  of  interest.  Communi- 
cations relating  to  the  Convention  should  be  addressed  to  the 
secretary,  at  28,  Bedford  Square,  London,  W.C.  ^ 
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INDUSTRIAL  AND  TRADE  NOTES. 

New  White  Star  Liner, ——The  White  Star  【'ine  1i;im,  wc  Kiain,  placrd 
Mil  older  witli  JVh'ssi's.  Hailand  tV'  Wolff,  \jU\.,  Hcli'ast,  ior  a  st'';im('r 
oi'  alioiit  :W,()(K)  tons  gross  register,  which  is  lor  thv  corn 

pnny's  piisscn^cr  service  between  Liverpool  an<l  New  York , 

Light   Railway.— The  Board  of  Trade  have  recently  co nfirmetl  the 
ii  ndtMnu'ii  tioiunl  or 山、 i'  made  by  tlio  Light  Hail  way  Commission, m's  : 
JJurytliorpo  Jjight  Kailway  Order,  1914，  authorising  tl"、  coiiHtruc 
tion  of  a  liglit  railway  in  the  North  and  East  Hidings  ol  tli" 
County  of  York,  from  Huttons  Ambo  to  Hurythor|x\ 

Opening  of  an  Underground  Railway. ―  On  T  uesday  last  there  w  as 
opt'PocI  for  public  traffic  a  short  extension  of  the  Charing  ( 'loss, 
Kuston,  and  Hanipstead  Railway.  It  is  a  single  line  contiiiua tion 
in  the  form  of  a  loop  from  tho  present  terminus  at  the  Strand 
tion r  Charing  Cross  to  the  Thames  Embankment. 

Clyde  Shipbuilding. ― During  March  there  was  launched  from  ship- 
Imildino;  yards  on  the  Clyde  16  vessels  of  24,631  tons,  which  is  the 
lowest  output  since  1908,  and  the  third  lowest  during  the  past  20 
years.  For  the  full  quarter,  January-March,  the  Clyde  total  is 
the  lowest  since  1910,  and  it  represents  a  decrease  of  nearly  22,000 
tons  as  compared  with  last  year  and  of  nearly  40,000  tons  as 
compared  with  1912. 

Proposed  Certification  of  Locomotive  Engine  Drivers. ― The  conipul- 
sory  certification  of  locomotive  engine-drivers  and  motor-men  on 
railways  is  proposed  by  a-  Bill  which  has  been  introduced  into 
Parliament  by  Mr.  Thomas  with  the  support  of  Messrs.  Hudson , 
Warclle,  Ramsay  Macdonald,  and  Barnes.  It  provides  that  no 
locomotive  engine  or  motor  train  shall  be  driven  by  or  be  iti  charge 
of  an  uncertificated  driver.  The  maximum  penalties  for  tin* 
employment  of  non-certified  men  by  a  railway  company  would  he 
£10  for  the  first  offence,  £20  for  the  second,  and  £50  for  subse- 
quent offences. 

North  of  England  Ironworkers'  Wages  Reduced.  ^ The  return  made 
to  the  Board  of  Conciliation  of  the  North  of  England  Iron  and 
Steel  Trade  shows  that  the  total  output  for  January  and  February 
was  8,794  tons,  made  up  of,  in  round  figures,  6^  tons  rails,  1，]38; 
tons  plates,  7,354J  tons  bars,  and  294|  tons  angles.  Compared 
with  a  year  ago  rails  have  fallen  from  66  tons,  plates  from  2,112, 
bars  from  10,965,  and  angles  359  tons,  while  prices  are  10s.  3d.  less 
in  the  case  of  bars,  plates  2s.  lOd.  less,  angles  12s.  3d.  less,  and 
rails  20s.  Now  that  the  net  average  selling  price  is  below  £7  there 
will  1)3  a  reduction  of  3d.  per  ton  on  puddling  and  2\  per  cent,  on 
all  other  forge  and  mill  wages  to  take  effect  from  March  30th. 

Coal  Mines  Act  Amendment  Bill. 一 The  text  of  Mr.  McKen na*s  Coal 
Mines  Bill  to  amend  the  Coal  Mines  Act  in  1911  has  just  been 
issued.  The  t、vo  chief  clauses  are  directly  due  to  the  Labour  com 
plaints  after  the  Cadeby  disaster  about  the  impossibility  of  pro- 
ceeding against  persons  whom  they  held  should  be  answerable 
for  accidents  in  collieries  under  their  charge.  The  Bill  provides 
that  the  provisions  of  the  1911  Act  for  enquiries  into  the  conduct 
of  holders  of  certificates  shall  be  extended  to  apply  to  "  any  owner 
or  agent  of  a  mine  taking  part  in  the  technical  management 
thereof,"  if  he  be  alleged  to  be  unfit  to  continue  to  hold  a  certifi- 
cate of  competency.  Further,  if  a  coroner's  verdict,  an  inspector's 
report,  or  a  special  report  charges  non-compliance  with  the  regu- 
lations in  any  pit  where  an  accident  has  happened,  then  the  Bill 
proposes  that  suminary  proceedings  against  any  person  liable  to 
prosecution  can  be  begun  at  any  time  within  three  months  of  the 
issue  of  the  coroner's  verdict  or  inspector's  report. 

World's  Coal  Production. — A  White  Paper  just  published  by  the 
Board  of  Trade  shows  that  the  principal  producing  coal  countries 
and  the  output  of  each  in  1912  were  as  follow  :  United  States  of 
America,  477,202,000  tons;  United  Kingdom,  260,410,000  tons  ； 
Germany,  172,065,000  tons  ；  France,  39,745,000  tons  ；  Russia, 
55,998,000  tons  ；  Belgium,  22,603,000  tons.  Provisional  figures  for 
1913  show  an  increase  of  nearly  30,000,000  tons  in  the  Unitecl 
States,  and  of  about  14,000,000  tons  in  (iermany.  Expressed  in 
relation  to  the  total  population  the  output  in  101 1?  was  greatest 
in  the  United  Kingdom,  averaging  5*7  tons  per  lu^ul,  compared 
with  5*0  tons  in  the  United  States,  3*0  tons  in  Belgium,  2-6  tons 
in  Germany,  and  1*0  ton  in  France,  ^oih  as  regards  the  total 
production  and  the  average  output  per  liead  in  the  United  King- 
dom, the  figures  for  1912  were  lower  than  those  for  1911，  owin^ 
to  the  effects  of  the  national  strike  of  miners.  In  the  United 
States,  Germany,  and  France,  however,  the  figures  were  consider- 
ably higher  than  those  recorded  in  any  previous  、、、ar.  The  total 
coal  production  of  the   British    Kmpire    in  was    noa rly 

3"),(K)0，（)00  tons.  The  average  value  of  the  coal  at  tlic  pit  moutli 
varied  widely  in  different  countries,  being  as  low  as  4s.  (k!.  por 
ton  in  British  India  and  as  high  as  13s.  in  liel^ium.  In 

tlu'  Unitod  Kingdom  the  average  value  was  9s.  0:;d.,  an  aver;i^o 
which  in  31  years  was  excotHled  only  in  1900  and  1910.  The  total 
immljpr  of  porsons  engaged  in  the  industry  was  the  greatest  in 


th"  Kingdom.  、、  l"'n、  t  lit-  ii'mil"'r  rinplovrd  in    l"l '」 "； 卜 

noarly  1  ,()""，l,(J0,        whom  Hfi*J, «)()()  、"'r''  ，'iiip">"'fl  b''l'»、、  uiouikI 
'1，1"'  countries  importing   most   largely   、、  ,'r«'    Kraiirc  r>l  .(mh  mhim 
tons),  Canada  (13,500,000  tons),  and  Austria-Hungary  (13,6009000 
tons). 

The  Nationalisation  of  Waterways. ―  A  di-putai  ion  r'.pi '  "'lit  Hi" 
Waterways  Association  att("i(iwl  tlu>  Hoard  of  Trad''  offices,  :i  t«'、v 
days  ago7  to  discuss  the  (jupstio"  oi'  tlic  iwitionati^at  irm  <'t  t  1m- 
waterways  and  canals  ol  tli"  「tii"'(l  KiMg'lom.  'I'lu*  <!fpu tation 
was  received  in  private  by  Mr.  J.  M -  Kof"'rtsmi ，  P;irli;uin  iit;i r\ 
Secretary  to  the  Hoard  of  Trade.  Mr.  Neville  Chanihorlain. 
chairman  of  tho  Waterways  Association ,  in  |>n'、<'，i ti tli'' 
for  tho  deputation,  said  the  time  r。m«'  \\  ln-n  t  Im-  (； (ivcriiiiuMit 
should  give  (、ff(、ct  to  the  report  aiul  iw'mmi'mlatim's  ai  tin-  Hoy  a  I 
C'oniniission  on  Waterways.  Communications  which  had  ,';i、、<''l 
l>etween  their  officials  and  th«»  local  antlioritii-s  ； ill  ovci  t lit- 
kingdom  showed  that  the  latU'r  、、w  ready  anrl  willinu  to  jk  f  i  jit 
the  principle  of  contriltution  to  a  national  scheme  oi  (>an;il  develop 
ment  where  they  were  to  be  specially  U'nHit'.'l .  Tl"'  <liffi<  nlt>'  at 
the  present  moment  was  that  there  was  no  definite  proposal  \n-inv- 
tho  country  for  a ny  autliority  with  whom  they  con Irl  m  jzoti;"'. 
The  Association  therefore  ur^od  tho  appointment  of  a  Water 、、； iv、 
lioard  as  the  first  step,  to  !>c  follow  h,v  tli('  ;ic(jiiiMt  irm  ot  t 
main  water  routes  of  the  country  to  l>c  maiiitni nt*M  \t\  out- 
authority,  and  thon  proceed  gradually  to  di-vclop  a  nd  i  ri  jn o\'<-  t  lit- 
modern  standards.  In  his  opinion  that  did  not  i n volvt-  ill' 
immediate  expenditure  of  20  million  pounds.  On  tli''  contra r\  . 
the  Association  shared  the  view  of  tlic  Hoy;i ！  ('('mmissimi  tliat  tin- 
developments  should  be  gradual  and  as  tlirv  u  ere  w  n  rranti-<l  f»\ 
experience.  Mr.  J.  M.  Robertson,  in  his  rcj»ly ,  >;i id  lie  "mild 
place  the  views  of  the  deputation  before  both  tlic  Pi'-sidfii t  aic I 
Department  of  the  Board  of  Trade  whicli  "； i、  r。ii('<  rMi'<l.  II'- 
assured  them  that  these  views  would  receive  thf  m('、'  <a n-t n ] 
consideration. 

Oil  Resources  of  the  Empire— At  a  recent  inciting  of  the  K"v"l 
Society  of  Arts,  Dr.  F.  Mollwo  Perk  in  discussed  the  oil  r>'、"iu'f.、 
of  the  British  Empire.  So  far  as  mineral  oils  were  coi、（'  r"*'(l .  1"' 
pointed  out  that  the  whole  production  of  the  British  Kiiipir''  rcprt-- 
sen ted  only  2*06  per  cent,  of  the  world's  output .  、、1"1"  tlir  l'mt'  'l 
States  contributed  over  60  per  cent,  and  l^ussia  nca i  ly  '_>('  |"'r 
cent.  He  calculated  that  the  total  annual  mineral  oil  product mn 
of  the  British  Empire  amounted  to  1,359,329  tons,  and  tli"  tu r. 
most  considerable  contributors  were  India,  witli  I. t。ii、. 
and  Scotland,  with  275,000  tons.  There  were,  however,  abundant 
indications  that  the  mineral  oil  supply  witliin  tlio  Empire  might 
be  largely  increased  to  help  to  meet  in  greater  measure  the  '  v'  r 
growing  demand  for  oil  fuel  for  the  Xa vv,  tin-  nuTchaiit  tl*'*-{ - 
aeroplanes,  and  heavy  internal-combustion  "iw"'、  With  rt  〜i,,'<  t 
to  Scotland,  lie  hoped  that  the  production  might  he  in(  i":i、'  '1  " 
utilising  the  shale  deposits  that  were  last  year  located  m  Skv,'. 
Canada,  more  particularly  Alberta,  it  was  suu^t^tcd.  might  pi  nv.- 
one  of  the  richest  oil  fields  in  the  world,  and  h*-  ('miM(h'r"(l  it  t 
duty  of  the  Canadian  Government  to  t'm  om.w  tlie  opening  up 
of  new  oilfields  and  to  discourage  wild-cat  schemes  and  m'kl,'、、 
company  promoting.  The  great  shale  beds  of  Tasmania  were  also 
indicated  as  another  valuable  source  of  supply,  and  it  u  as  thou^lit 
possible  that  a  shale  oil  industry  mi*iht  1"、  t'st:il"i、l!,'(l  in  South 
Africa.  Dr.  Perkin  suggested  that  careful  geological  surveys 
should  be  made  of  all  the  British  Doniim(>ii、，  aiul  that  test  drills 
should  be  made  when  the  conditions  set'ined  iavoural)!*'  for 
establishing  an  oil  field .  He  also  contended  tliat  the  British  pro 
duction  of  coal- tar  oils  might  be  largd'v  increased,  and  oxperi 
ments  made  with  Scotch  peat  in  his  laboratory  had  couvincod  liini 
that  oil  would  be  profitably  extracted  from  it  in  the  near  future. 


Tests  of  Gas  Calorimeters. 一 In  a  technologic  p; 屮 recently 
issued  by  the  U.S.  Bureau  of  Standards  the  results  are  given 
of  a  critical  investigation  of  eight  flow  calorimeters,  repre- 
senting types  widely  used.  The  investigation  has  shown 
that  several  of  the  calorimeters  that  were  investigated  could 
be  used,  when  proper  precautious  were  observed  and  suitable 
corrections  were  applied  to  the  observed  heating  values 
obtained  with  them,  to  determine  the  total  heating  values  of 
most  kinds  of  gases  to  an  accuracy  of  about  0'3  per  cent. 
Some  of  the  calorimeters  are,  however,  subject  to  constant 
errors  that  cannot  be  eliminated  or  be  readily  determined 
except  by  comparison  with  a  standard  instrument,  such 
errors  for  one  calorimeter  amounting  to  nearly  2  per  cent. 
Examination  of  a  very  large  amount  of  data  obtained  during 
the  investigation  indicates  that  with  those  calorimeters  free 
from  significant  constant  errors  total  heating  values  should  be 
determinable,  under  conditions  obtaining  in  the  practical 
testing  of  gas,  to  an  accuracy  of  the  urder  of  1  per  cent. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 
MECHANICAL  1913. 


Sulinaiij  Picard, 


Cantono.  7241. 


9156. 


Rotary  steam  engines.    Dudley.  1097. 
Recovery  of  copper  from  its  ores  and  solutions. 

and  Minerals  Separation,  Ltd.  1152. 
Radiators  for  heating  buildings.    Frank.  1204. 
Internal- combustion  engines.   Blankenburg.  408G. 
Ciirlxiretters  of  internal-combustion  engines.    Ferguson.  5267. 
Carl)uretters  for  internal-combustion  engines.    Cox.  5974. 
limner  i'or  petroleum.    Linley  &  Co"  Owensmith,  and  Edwards. 

6170. 

litMiulation  of  internal  combustion  engines.    Neute.  6193. 
M^tal  toundino;.    British  Thomson-Houston  Company.  *>^0. 
Removal  of  ammonia  from  gases.    Marr.  0291. 
Acetylene  generator.    Smith.  G503. 

Measuring  and  indicating  instruments.  Hughes  &  Hayward.  6566' 
Slotting  machine  for  cutting  gearwheels.    Jansen.  6701. 
Apparatus  for  counting  revolutions  and  indicating  direction  of 

rotation.   McNab.  6752. 
Valves.    Pu  rser.  6759. 
Automatic  devices  for  starting  motors 
Packing  for  pistons.    Williams.  7903. 
Safety  device  for  lifts.    Evans.  8158. 
Steam  turbines.    Dianovszky  &  Schlegel.  8749. 
Manufacture  of  boron-copper.    Gleason,  8790. 
Valves  of  internal-combustion  engines.  Forbes. 
Rotary  pumps  or  blo、vers.   Robertson.  10048. 
Stop-valves.    W.  M.  Still  &  Sons,  Ltd"  and  Adanison.  10904. 
Tachometers.    Harding.  11484. 

Prevention  of  corrosion  of  iron  and  steel.    Hauemann  S:  Hana- 

man.  11966. 
Fasteners  for  driving  belts.    Blanc.  12803. 
Rotary  engines.    Curtis  &  Parker.  13425. 

Apparatus  for  carburetting  and  washing  air  and  othor  gases. 

Constantinesco.  13608. 
Fluid-pressure  engines.    Poppe.  13866. 

Valve-mech a n i sm   of   internal-combustion    en^inos.  Lnmplono;]i. 
14248. 

Nut-locks.    Wegener.  15023. 
Hydraulic  valves.    Berry.  15248. 

Controlling  gear  of  hydraulic  turbines.  Gagg.  17327. 
Process  for  converting  fine  coal  into  a  marketable  fuel.  Evans. 
18270. 

Nut-lock.    Gray.  18892. 

Hydraulic  change-speed  gear.    Hammer.  19335. 
Apparatus  for  controlling  from  a  distance  and  for 

speed  of  the  propelling  turbines   of   a  ship. 

Italiana  Gio.  Ansaldo  &  Co.  19743. 
Journal  boxes.   Hewitt.  20130. 

Packing  for  rotary  engines.    Prinz  zu  Lowenstein. 
Safety  devices  for  steam-condensing  plants.  MulW 
Manufacturing  of  brasses.    Casimir.  21226. 
Centrifugal  fans.    Hancock.  21353. 

Precision  instruments  for  measuring   the    throw    and  angular 

relation    of    the    crank-pins    of    locomotive    wheels.  Soc. 

r^amaziere,  and  Bunzli,  and  Lecomte.  22607. 
Change-speed  gearing  for  power-propelled  vehicles.    Rovce  and 

Rolls-Royce,  Ltd.  25394. 
Tools  and  tool-holders  for  lathes.    Richards,  Grayson,  &  Melsom. 

25426. 

Carburetters  for  internal-combustion  engines.    Smith.  25629. 
Fuel-saving    devices    for    internal-combustion    engines.  Wade. 
25663. 

Rope  railways.   Thunhart.  27151. 

Draw  and  buffer  gear  for  railway  vehicles.    Levick.  27325. 

Shaft-bearings.   Hermant.  28663. 

Flexible  couplings.    Croft,  Croft,  &  Croft.  287G2. 

Stop-valves.    Lentz.  28788. 

Traction  engines.    Fowler  <fe  Livsey.  29764. 

Water  gauges.    Klinger.  29904. 

1914. 

Internal-combustion  engines.    Herr.  825. 
V;ilves  of  reciprocating  engines.    Schiiiidt.  926. 
Jntornal  romhtistion  engines.    Rundlof.  3463. 


egulating  the 
Soe.  Anon. 


20133. 

203-55. 


Interrupters  for  electric  circuits.    Pollak.  6122. 

Electric  regulating  switches.    Miller  &  Boothirmn.  6371 

Electric  transformer  arrangements.    British  Electric  Transformer 

Company,  and  Crosbie- Hill.  G799. 
Electric  cables.    Mirza.  6817. 
Electric  dry  batteries.    Stern.  6950. 
Dynamo  regulators.    Mellersh- Jackson.  7156. 

Switches  for  electrically  operating  planing  machines.  Lancashiro 
Dynamo  and  Motor  Company,  and  Hargreaves.  7369. 

Flame  arc  lamps.   Tate  &  Monkhouse.  7411. 

Fuses  or  cut-outs  for  electric  circuits.    Cox.  9144. 

Automatic  circuit  breakers.   Holmes  and  Kemp-Welch.  13587. 

Systems  of  electric  distribution.  British  Thomson-Houston  Com- 
pany. 13656. 

Process  for  heating  articles  in  electric  furnaces.    Fischer.  17491). 
Ignition  systems  of  interna l-conil)Ustion  engines.  Varley.  ] 7007. 
M，iltiple~、vay  insulating-sleeve  for   cables.     Mitchell  &  Cooper. 
19212. 

Bonding  clamp  for  metal-sheathed  electric  "  ii'os  and  cables.  、V.  T. 

Henley's  Telegraph  Works  Company,  and  liisliop.  20JiM. 
Arc  lamps.    Dyer  &  Adams.  23013. 

Connections  and  fittings  for  electric  conduits.    Birch.  24777. 
Collector  brushes  for  electrical  apparatus.   Christie.  25465. 
Accumulators   and   electrodes  therefor.     Svenska  Ackumulator 
Aktiebolaget  Jungner.  30082. 

1914. 

Electrical  accumulators.    De  Sedneff.  1119. 
I^Icctrode-lioUlers  for  electric  furnaces.  Fried. 
5414. 


K nipp  Akt.  (it's. 


METAL  QUOTATIONS. 

TUESDAY,  APRIL  7th. 

Aluminium  ingot    80/-  per  cwt. 

,,         wire,  according  to  sizes,  &c  from  112/—  ，， 

,,         sheets        ，，  ，，    ，，  112/-  ，, 

Antimony   £27/10/-  to  £29/10/-  per  ton. 

Brass,  rolled   7  }d.  per  lb. 

,,    tubes  (brazed)    9Jd.  ,, 

,，       ，，     (solid  drawn)   7Jd.  ,， 

，,       ，，      wire    72d.  " 

Copper,  Standard   £65/15/-  per  ton. 

Iron,  Cleveland   51/6  ,， 

，， Scotch   57/0  ，， 

Lead,  English    £18/15/-  ，， 

„     Foreign  (soft)    £18/3/9  " 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

,,  ,,  ，，       medium   3/6  to  6/-  ，, 

,,  ,,  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/-/-  per  bottle. 

Silver   27d.  per  oz. 

Spelter    £21/10/-  per  ton. 

Tin,  block   £107/10/- ，， 

Tin  plates,  I.C  •   13/—         per  box. 

Zinc  sheets  (Silesian)   £24/ 15/-  per  ton. 

,，  (Stettin  ；  Vieille  Montagne)   £?5/2/6  ，， 


Kloftrically-operated 
(1<>inpany. 


ELECTRICAL,  I9I3. 

stopring^ear.      British  Thomson-Houston 


The  Junior  Institution  of  Engineers. ― The  following  pro- 
gramme has  been  arranged  for  the  present  month  ：  April  17th, 
meeting  at  39，  Victoria  Street,  8  p.m.  ；  Mr.  R.  S.  Fox  on 
" A  Few.  Typical  Carburetters."  Meeting  of  the  North- 
western Section  at  26,  Corporation  Street,  Manchester,  7-45 
p.m.;  Mr.  J.  H.  Lester  on  "  Motor  Cars,  Ancient  and 
Modern."  April  18th,  visit  at  2-30  p.m.  to  the  Australia 
House,  Kingsway.  April  20th,  ordinary  meeting  at  Institu- 
tion of  Electrical  Engineers,  Victoria  Embankment,  8  p.m. ； 
paper  by  Mr.  James  Richardson,  B.Sc,  Assoc.  M.Inst.C.E., 
on  "  Lines  of  Future  Development  in  High-power  Diesel  Oil 
Engines."  April  21st,  meeting  of  the  Midland  Section  at 
Imperial  Hotel,  Birmingham  ；  paper  by  Mr.  R.  B.  A.  Ellis, 
A.M.I.Mech.E.,  on  "  Military  Engineering."  April  24th, 
meeting  at  39，  Victoria  Street,  Westminster,  8  p.m.  ；  Mr. 
George  Evetts  on  "A  Visit  to  the  Iron  Districts  of  French 
Alsace."  Ordinary  meeting  of  North-western  Section  at  the 
Municipal  School  of  Technology,  Manchester,  7-45  p.m. ； 
paper  by  Mr.  H.  T.  Hildage  on  "  Some  Notes  on  the  Appli- 
cation of  Chain  Gearing."  April  25th,  visit  at  3  p.m.  to  the 
South  Metropolitan  Gas  Company,  589，  Old  Kent  Road,  S.E. 
April  27th,  meeting  of  the  Midland  Section  at  Birmingham. 
May  1st，  meeting  at  39，  Victoria  Street,  Westminster,  8  p.m. ； 
Mr.  S.  T.  Robson  on  "  The  Control  and  Organisation  of  tlie 
Engineering  Profession." 
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=FLEXIBLE  

METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,    H ighest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  m 

ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD  OFFICE: 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
Works :   PONDERS   END,  MIDDLESEX. 

Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 


The  "  PERFECT"  VISE 


e-  Dept.       j,  PARKINSON  &  SON,  SHIPLEY,  YORKS. 

Fowler's  Mechanics  &  Machinists' 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 

The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  thousands  were  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 


Price  8d.  post  free. 


SCIENTIFIC   PUBLISHING  COMPANY. 

53,  NEW  BAILEY  STREET,  MANCHESTER, 


Telegrams:  "Scientific,"  Manchester. 
Telephone  No.  6055  City. 


SUBSCRIPTION  RATES. 


United  Kingdom  ：  12/6  per  annum,  post  free, 

Canada :  14/6  per  annum,  post  free. 

Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 

*     21/-*       "  ，，          Thick  ，， 

署 Foreign  Remittances  by  International  Money  Order  only. 

Note.— Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  mnde  payable  to  the  Scientific 
Pul)]ishing  Company,  and  forwarded  to  our  Manchester  Office, 
53,  New  Bailey  Street. 

Advertisements,  displa3Ted,  for  insertion  in  current  i>sne  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
pnst  Wednesday  morning. 


State  Ownership  and  Management. 

The  fallacy  of  State  ownership  of  mines  as  a  panacea  for 
social  and  labour  troubles  is  strikingly  shown  in  a  paper 
recently  read  by  Prof.  Henry  Louis,  of  the  Department  of 
Mining  of  the  Armstrong  College,  Newcastle-on-Tyne?  before 
the  ！ ocal  Economic  Society,  and  we  would  commend  its  st iui v 
to  all  who  pin  their  faith  to  this  socialistic  nostrum.  The 
results  of  State  working  mines,  where  it  has  been  adopted 
on  the  Continent  and  in  the  Colonies,  are  given  in  detail, 
along  with  those  of  the  limited  application  of  the  principle 
in  this  country,  where,  it  may  not  be  generally  known,  State 
ownership  does  exist  to  some  extent.  In  Cumberland 
and  Durham,  for  instance,  there  is  a  certain  amount  of 
publicly  owned  coal.  The  Ecclesiastical  Commissioners  are 
large  royalty  owners,  and,  though  not  the  State,  are  in  a 
sense  a  State  department,  while  the  crown  is  the  absolute 
owner  of  all  under-sea  coal,  and  in  the  Forest  of  Dean  all  the 
coal  is  practically  State  owned.  A  review  of  the  facts  and 
conditions  that  pertain  in  these  cases  clearly  disproves  tlie 
claims  put  forward  by  those  who  advocate  State  o\vnei>ln]». 
and  which  may  be  briefly  summed  up  as  '*  (1)  less  waste  of 
valuable  coals  ；  (2)  lower  cost  of  production  ；  (3)  cheaper  coal 
for  the  consumer  ；  (4)  improved  labour  conditions  and  higher 
and  steadier  wages."  These  advocates  advance  no  facts  in 
support  of  their  theories,  and  such  as  are  obtainable  go  against 
them.  If  even  a  reasonable  proportion  of  the  claims  could  be 
established  there  would  be  some  justification  for  considering 
them  seriously.  Take  the  Forest  of  Dean,  for  example. 
Here  royalties  are,  if  anything,  a  trifle  lower  than  the  average 
of  tlie  country,  but  consumers  are  in  no  way  favoured  in  price, 
while  wages  are  among  the  lowest  in  England.  It  may  be 
argued  that  the  working  of  a  small  section  is  no  criterion  of 
the  results  that  would  accrue  if  State  working  were  universal, 
but  it  is  difficult  to  see  how  mere  multiplication  of  area  can 
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"i"ilu<  。  an  entirely  opposite  result.  In  Germany,  France, 
and  Bel^iuin  the  State  is  the  absolute  owner,  yet  in  these 
countries  the  waste  is  fully  as  great  as  with  us,  prices  ； ire 
higher,  the  accident  rate  is  as  heavy,  strikes  are  frequent , 
wliile,  in  addition,  wages  are  lower  and  the  conditions  of 
employment  worse  in  every  case.  The  United  States  have 
preferred  deliberately  to  alienate  their  mineral  wealth  in 
favour  of  private  development,  and  experience  has  proved  the 
wisdom  of  their  policy,  the  impetus  to  national  industries 
Iriving  more  than  compensated  the  State  for  the  royalties 
relinquislied.  A  study  of  the  capital  returns  iti  the  State 
mines  of  Prussia  shows  they  are  a  financial  failure  and  that 
the  beneficial  expectations  of  the  employes  do  not  accrue . 
In  the  State  of  Victoria,  which  is  noted  for  its  democratic 
views,  there  is  a  coal  mine  owned  and  operated  by  the  State 
w  liK'li  is  responsible  for  some  77  per  cent,  of  the  entire  output. 
It  lias  no  competitor  in  its  own  district,  and  therefore  closely 
approximates  to  the  ideal  conditions  of  State  ownership 
advocates.  A  glance  at  the  figures  relating  to  this  mine 
is  instructive.  The  amount  spent  up  to  the  end  of  the 
financial  year  1912  was  about  £170,000,  and  the  profit  a  little 
under  £10,000，  or  approximately  5d.  per  ton，  without 
making  any  allowance  for  a】nortisation  or  redemption  of 
capital,  and  the  report  states  that  "the  mine  was  idle 
owing  to  trouble  with  the  employes  f rom  April  4th  to 
May  17th."  A  summary  of  Prof.  Louis'  facts  and  figures 
leads  inevitably  to  the  conclusion,  which  we  cannot  do  better 
than  quote,  namely,  that  where  adopted  "  no  greater  measure 
of  safety  has  been  attained,  wages  are  lower,  labour  troubles 
are  as  frequent,  the  price  of  coal  is  higher,  and  withal  the 
taxpayer  is  heavily  mulcted  for  the  evils  brought  about  by 
the  State  management  of  mines.'' 

If  we  turn  from  mines  to  railways,  experience  again 
presents  similar  lessons  ；  that  of  France  is  particularly 
illuminating.  When  the  State  takes  over  the  management, 
operating  and  working  expenses  invariably  increase.  On  the 
Western  Railway,  for  instance,  taken  over  in  1908,  the 
operating  expenses  increased  from  about  six  millions  sterling 
in  that  year  to  nearly  nine  millions  in  1912，  mostly  due  to 
wages.  In  1908  the  wages  were  roughly  a  little  over  three 
millions,  in  1912  they  were  5^  millions,  an  advance  of  about 
55  per  cent.  Meantime,  during  this  period ,  freight  and 
passenger  rates  remained  practically  unchanged,  while  the 
gross  receipts  only  increased  about  12  per  cent.  One-third  of 
the  increase  in  the  wages  bill,  it  may  be  noted,  was  due  to 
the  abnormal  increase  in  the  clerical  staff.  Of  the  5,280 
additional  employes  officially  reported  for  191 1  only  1 ,280 
were  in  the  track  and  train  service,  while  no  less  than  3,000 
were  added  to  tlie  station  service,  the  staffs  of  which  in  some 
cases  were  doubled,  and  even  trebled ,  mainly,  it  is  affirmed,  to 
Hud  soft  jobs  for  political  nominees.  The  degenerative  effect 
cf  Governmental  management  is  further  exemplified  by  some 
figures  in  Leroy-l^eaiilieu's  "  State  Railways  of  France  ，， 
regarding  the  marked  increase  of  sickness  among  the 
employes.  In  1C09  no  less  than  34  per  cent,  of  those 
eni])]oved  in  the  offices  and  terminals  were  granted  sick  leave. 
In  1910  the  number  reached  36  per  cent.,  and  in  1911  no  less 
than  45  per  cent.  A  spirit  of  emulation  appears  to  exist 
between  the  various  departments  in  this  respect,  for  the 
transportation  and  maintenance  branches  outshone  even  the 
offices  and  terminals.  In  1909，  45  per  cent,  secured  sick 
leave  ；  in  1S10,  48  per  cent.  ；  and  in  1911，  55  per  cent.  The 
explanation  is  clear  ；  the  French  railway  employe  enjoys  even 
better  terms  than  those  granted  under  our  own  Insurance  Act 
― he  gets  full'  pay  ！  Can  it  be  wondered  at  that  malingering 
should  be  even  more  pronounced  than  it  is  liere?  and  that 


Oovermnent  management  should  be  synonymous  with  soft 
jobs,  lowered  efficiency,  and  lii^her  cost .  The  business  com- 
Jininity  has  always  recognised  tliat  private  enterprise,  where 
it  can  he  invoked,  stands  lor  greater  efficiency  than  Stuto 
enterprise.  Unfortunately  a  section  of  politicians  appear  to 
t  liink  that  health  and  wealth  and  happiness  can  be  easilv 
created  by  legislation,  but,  while  its  controlling  influences  may 
be  readily  admitted,  its  creative  powers  are  open  to  serious 
question,  and  it  should  not  be  forgotten  that  any  check  on  tlie 
creation  of  wealth  largely  diminishes  the  power  to  disponso 
either  liealtli  or  ]iaj>piness. 


THE  FOSTER  STRAINMETER.* 

BY  W.  R.  G.  WHITING,  M.A. 

This  instrument  depends  on  the  principle  of  the  Bramah's 
press,  and  differs  from  that  machine  in  that  a  multiplication 
of  displacement  and  not  of  force  is  desired.  It  is  somewhat 
strange  that  such  an  apparently  obvious  method  of  recording 
minute  strains  has  not  been,  publicly  at  any  rate,  employed 


before.  It  is  possible  that  others,  liaving  experimented  with 
the  idea,  were  deterred  by  two  inheieiit  difficulties  I  mention 
later  on.  The  instrument  as  ordinarily  manufactured  is 
shown  in  Figs.  1  to  4.  Tlie  magnification  is  about  500  times, 
and  is  obtained  by  a  volume  of  liquid  equal  to  that  displaced 
by  the  motion  of  a  diaphragm  about  |in.  in  mean  diameter 
being  forced  along  a  glass  tube  of  about  3*5  one-lmndredth 
bore.  With  tubes  of  considerably  smaller  diameter  some 
trouble  from  capillary  action  is  experienced  ；  larger  magnin- 
cations  are,  therefore,  best  obtained  by  employing  a  larger 
chamber,  but  one  instrument  at  least  has  been  made  having 
a  ?nultij)lying  ratio  of  3,615,  obtained  bv  employing  a  smaller 
hored  tube. 

The  difficulties  referred  to  are  occasioned  by  temperature 
change  and  by  leakage.  Since  water,  the  liquid  employed, 
has  an  expansion  coefficient  varying  rapidly  with  tempera- 
ture, it  lias  not  been  possible  to  obtain  automatic  compensa- 
tion by  suitable  proportioning  of  tlie  ])arts.  By  keeping  the 
vol u:ne  of  the  chamber  small  compared  with  its  area  the  tem- 
perature correction  can,  however,  be  made  small,  and,  in  fact, 
zero  at  a  particularly  low  temperature.  The  coefficient,  liow- 
ever,  increases  with  increase  of  temperature,  and  this  is  an 
undoubted  difficulty  in  any  test  proloiigetl  over  a  considerable 
alteration  of  temperatures.  Sample  instruments  are  cali- 
brated for  this  correction  and  the  appropriate  coefficients 
found.    Leakage  was  a  most  unexpected  difficulty,  but  after 

*  l，apei'  rt-ad  at  the  spring  meetings  of  the  fifty  fitth  session  of  the  Institution 
of  Na vit  I  Arcliitects,  April  -2nd,  1914. 
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this  strain  would  be  caused  by  a  stress  of  13  tons,  that  is  to 
say,  each  of  the  50  divisions  corresponds  to  slightly  more 
than  one-quarter  of  a  ton  stress.  It  is  quite  easy  to  estimate 
the  fifths  of  a  division,  or  to  one-twentieth  of  a  ton  stress. 
As  a  test  of  the  capabilities  of  the  instrument  under  condi- 
tions of  severe  vibration,  a  pair  were  mounted,  some  time 
ago,  on  the  connecting  rods  of  a  screw  steering  gear  of  cus- 
tomary type.  During  the  trials  of  the  gear  the  following 
results  were  obtained  when  going  astern  ： —— 
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The  recorded  torques  were  not  dissimilar  from  those  only  with  angle  of  inclination,  Init  with  ^pee<l.  eitlu-r  absolute 
calculated  and  designed  for.  The  great  difference  in  tlie  or  relative  to  size  of  the  surface.  This  simple  problem,  to- 
division  of  the  push  and  pull  forces  in  the  two  connecting     gether  with  the  more  complicated  <\ist^  of  concav^  irreirularly- 


many  experiments  a  suitable  packing  material  was 
chrome  leather  washers  l)oile(l  in  paralTin  wax. 

When  erected  on  an  8in.  base  of  steel,  the  total  range  of 
4  in.  in  the  divided  tube  represents  a  strain  of  one-tliousandth 
of  an  -inch  per  im'li.    Taking  Young's  modulus  at  l.'^OOO, 

Fig  j 
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rods  was  quite  unexpected,  and,  in  fact,  screw  gears  oi' 
type  are  provided  witli  a  slight  end  play  expressly  to  en  m«' 
the  balancing  of  ilie  pull  .*un!  piisli   forces  and  "thcnrc  tho 
annulment  of  any  resultant  ""+'•'•  on  the  111 山"' r  lioa.l.  |tl 
flii"  rase,  howevor,  if  the  ror(,nls  are  to  be  relied  on,  an 

uiih;il;iiic<*(l  force  of  at  least  50  tons 
imist   liave   been  acting.       Ah  the 
UNCH  several  readings  given  above  seem 

quite  consistent,  there  is  no  prima 
facie  case  for  believing  that  t liis  nn- 
Imlanced  force  did  not  exist  in  t  li*- 
trial,  nor  that  a  similar  state  of 
afi'airs  may  not  frequently  occnv  in 
ot  lier  gears  of  the  same  design. 

It  is  possible  that  the  failure  to 
act  in  the  designed  manner  arises  in 
t  lie  following  way.  As  the  crosshead 
rnoves  from  t  he  at  hwartsliip  posit  ion 
one  connecting  rod  has  to  travel 
slightly  further  than  the  other,  riiis 
necessitates  an  endwise  adjustment  of 
the  right  and  left-hand  screw,  whi  -h 
is  provided  for  by  a  feather  and 
groove  coupling  at  the  fore  end  of 
the  gear.  It  is  suggested  that  this 
3    2    ，  coupling    tends    to    hind    for  the 

following  reason,  apart  from  the 
question  of  ordinary  sliding  friction. 
This  latter  alone,  when  the  full 
torque  is  being  transmitted  along  tlie 
ontrol  shafting,  is  estimated  to  require  a  foi-ce  o(  ahout 
0  tons  before  endwise  motion  ensues. 

The  two  shafts  on  either  side  of  the  coupling  each  take 
lie  full  torsion  up  to  and  just  clear  of  the  coupling,  and  no 
)rsion  where  they  end  witliin  the  coupling.  Hence  the  whole 
liaft,  and  with  it  the  feather  or  groove,  is  twisted  in  a  lielix 
f  steadily  diminishing  slope  from  the  commencement  of  the 
oupling  to  the  end  of  the  shaft  within  the  muff.'  .Since  tli" 
liafts  are  end  to  end,  the  most  twisted  part  of  the  feather 
es  in  the  least  twisted  part  of  the  groove,  and  vice  versa, 
f  the  allowances  are  small,  as  indeed  they  are  in  this  class 
f  work,  the  two  parts  jamb  as  soon  as  a  considerable  torque 
； applied,  and  before  endwise  motion  can  occur  a  very  large 
)ngitudinal  force  has  to  be  employed. 

Another  interesting  result  noted  was  tliat,  going  ahead, 
lie  rudder  appeared  to  be  slightly  overbalanced  at  full  speeds, 
nd  slightly  underbalanced  at  low  speeds.  This  pointed  to 
shift  of  the  centre  of  pressure  between  the  two  cases,  which 
light  be  attributed  to  a  larger  impingement  of  the  propeller 
ace  on  the  rudder  at  high  speeds.  Another  explanation  is, 
liat  the  commonly  assumed  position  for  the  centre  of  pn'， 
are  on  a  plane  surface  inclined  to  a  stream  line  is  not  the 
xed  point  supposed.    It  is  conceivable  that  it  varies,  not 
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shaped  surfaces,  could,  I  think,  be  closely  investigated  at 
some  of  our  laboratories  or  colleges  with  great  advantage. 

By  far  the  largest  stress  observed  in  the  connecting  rods 
was  the  momentary  one  due  to  the  inertia  effects.  The  power- 
ful steering  engine,  suddenly  started  up  at  the  distant  end 
of  a  long  line  of  shafting,  produced  an  action  of  impulsive 
type  on  the  connecting  rods  directly  connected  to  a  rudder 
weighing  many  tons.  Another  phenomenon  noticed  was  that 
the  vertical  vibration  of  the  stern  produced  an  alternating 
bending  moment  on  tlie  connection  rods  of  considerable  mag- 
nitude, and  this  was  very  evident  in  the  strainmeters, 
especially  at  certain  speeds. 

Experiments  have  been  made  with  these  instruments  by 
several  firms  and  at  least  one  Royal  dockyard  on  the  launch- 
ing stresses  experienced  by  ships.  The  first  of  the  records 
of  this  nature  obtained  at  Elswick  (Fig.  5)  is  interesting, 
but  not  very  conclusive.  The  instruments  were  in  place  only 
a  few  minutes  before  the  launch,  and  doubtless  initial  stresses 
were  already  existent.  The  greatest  recorded  mean  stress 
on  the  upper  deck  plating  was  about  two-thirds  of  the  calcu- 
lated stress,  but  as  far  as  ascertainable  it  occurred,  at  the 
<c  drop  off，"  and  not  at  an  earlier  stage,  as  was  to  be  ex- 
pected. The  inner  bottom  results  must  be  taken,  I  think, 
as  showing  that  the  structural  stresses  are  there  masked  by 
the  local  ones  due  to  varying  pressures  from  the  ways. 

More  recently,  the  results  shown  in  Fig.  6  were  obtained. 
On  this  occasion  strainmeters  were  rigged  only  on  the  upper 
deck,  one  at  the  stringer  and  one  adjacent  to  a  barbette 
opening.  The  plating  near  this  latter  was  practically  held 
up  on  shoring  from  the  deck  below,  and  in  the  result  shirked 
its  work,  as  was  to  be  expected.  On  this  diagram  the  calcu- 
lated initial  stresses  due  to  "  setting  up  ，，  have  been  sub- 
tracted fro'Ti  the  theoretical  curve  of  stress  ；  even  so,  the 
observed  values  appear  to  be  uniformly  less  (having  regard 
to  sign)  than  the  calculated  values,  whilst  the  extreme  stress 
difference  agrees  very  nearly  with  that  anticipated. 

Considering  that  a  ship's  structure  consists  of  an  almost 
infinite  number  of  component  parts  connected  together  at 
various  times,  under  different  conditions  of  support,  initial 
fairness  and  temperature,  it  is  not  perhaps  surprising  that, 
when  that  ship  is  first  subjected  to  a  large  structural  bending 
moment,  the  strains  and  stresses  observed  at  one  or  two 
isolated  and  arbitrarily  selected  spots  should  be  somewhat 
obscurely  related  to  those  calculated  for  a  homogeneous  body. 

We  have  also  tried  to  obtain  the  stresses  arising  from  the 
operation  of  "  dropping  the  stern  ，，  antecedent  to  boring  out 
the  stern  tubes.  In  this  case,  as  in  the  last,  we  had  the  prac- 
tical object  in  mind  of  attempting  to  decide  to  what  extent 
a  vessel  should  be  structurally  completed  before  permitting 
these  operations  to  take  place.  The  results,  however,  have 
not  been  so  conclusive  as  those  for  launching,  though  similar 
in  sense. 

Quite  recently  the  existing  Bulkheads  Committee  hay 
obtained  information  of  interest  and  value  with  regard  to 
the  stresses  in  watertight  bulkhead  stiffeners,  by  the  employ- 
ment of  these  and  other  strainmeters.  The  results  not 
having  been  yet  presented  to  the  Board  of  Trade,  I  am  unfor- 
tunately precluded  at  present  from  describing  them. 

I  have  to  tender  to  Messrs.  Sir  W.  G.  Armstrong,  Whit- 
worth,  &  Co.  my  grateful  acknowledgments  for  permitting 
the  publication  of  these  results,  whilst  certain  members  of 
my  staff  at  Elswick  have  given  me  mucli  valuable  assistance. 


Rescue  Brigades  in  Mines  ：  New  Home  Office  Regulations.— The 

" London  Gazette  "  announces  that  the  Home  Secretary  pro- 
poses  to  make  general  regulations  under  the  Coal  Mines  Act, 
amending  the  provisions  as  to  appliances  and  rescue  brigades 
contained  in  part  four  of  the  General  Regulations  of  July  10th 
last.  Under  the  draft  regulations  the  use  of  self-contained 
breathing  apparatus  will  be  made  compulsory,  but  an  alter- 
native system  from  the  establishment  of  rescue  brigades  will 
be  admitted,  by  which,  in  place  of  the  local  brigades  at  the 
collieries  now  required,  permanent  brigades  will  be  maintained 
at  the  central  .stations,  and  one  or  more  men,  according  to  the 
Sjze  of  the  colliery,  will  be  trained  at  each  mine  to  apt  with 
the  central  brigade  wh^n  summoned  to  the  mine. 


TESTS  ON  A  KAPP  VIBRATOR. 

In  1913  Dr.  Gisbert  Kapp  read  a  paper  before  the  Institution 
of  Electrical  Engineers  ("  Journal  I.E.E.，，，  Vol.  51，  page  243, 
1913),  in  which  he  described  a  new  form  of  phase  advancer 
invented  by  him  and  called  the  "  Kapp  vibrator."  Messrs. 
Sandycroft,  Ltd.,  obtained  last  year  a  license  for  the  manu- 
facture of  these  vibrators,  and  after  devoting  a  considerable 
amount  of  time  to  their  study,  recently  received  an  order  for, 
and  successfully  completed  the  manufacture  of,  their  first 
vibrator  (other  than  a  purely  experimental  machine).  This 
vibrator  has  since  been  put  into  regular  commercial  service, 
and,  being  the  first  of  its  kind,  has  excited  great  interest. 
The  vibrator  (Fig.  1)  is  working  in  conjunction  with  a 
330  b.h.p.  induction  motor  built  by  Siemens  Brothers'  Dynamo 
Works,  Ltd.,  and  is  installed  at  the  Chemical  Works,  late 
H.  &  E.  Albert,  South  Bank,  near  Middlesbrough.  The 
motor  is  a  12-pole  machine  operated  from  the  system  of  the 
Cleveland  and  Durham  Electric  Power,  Ltd.,  who  supply 
energy  at  a  pressure  of  2,750  volts  and  a  periodicity  of  40 
cycles  per  second. 

The  vibrator  is  a  phase  advancer,  or  exciter,  for  use  with 


Fig.  1.— The  Kapp  Vibiiatou. 

induction  motors  or  generators  respectively,  and  consists  of 
a  magnet  frame  carrying  three  sets  of  2-pole  field  magnets, 
in  which  revolve  three  armatures  of  the  usual  continuous- 
current  type.  The  three  armatures  are  connected  in  mesli  to 
the  slip-rings  of  the  induction  motor,  as  shown  in  the  diagram, 
Fig.  2，  which  also  shows  all  the  necessary  connections 
(although  in  some  cases  it  may  be  desirable  to  provide  an 
interlocking  arrangement  to  prevent  the  motor  to  be  started 
with  the  vibrator  in  circuit,  that  is  to  say,  practically  on 
short-circuit).  The  field  windings  are  excited  with  continuous 
current.  The  low  frequency  rotor  currents  in  the  armatures 
cause  the  latter  to  rotate  first  in  one  direction  and  then  in 
the  opposite  direction  with  the  frequency  of  slip.  This  rota- 
tion induces  in  eacli  armature  a  voltage  which  is  opposed  to 
the  electromotive  force  of  self-induction  of  the  motor^  and 
is  greater  than  the  latter  by  an  amount  sufficient  to  supply 
through  the  resistance  of  the  rotor  windings  the  necessary 
current  to  produce  the  magnetic  field  of  the  motor.  With 
normal  excitation  of  the  vibrator  no  magnetising  current 
flows  in  the  stator  windings,  and  consequently  the  motor 
operates  with  a  power  factor  of  unity.    If  the  exciting  current 
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be  increased  the  greater  voltage  then  induced  by  the  rotation 
of  the  armatures  will  produce  in  the  rotor  windings  a  mag- 
netising current  greater  than  that  necessary  to  produce  the 
magnetic  field  of  the  motor,  and  r("is('(iu"iitly  a  leading 
current  will  result  in  the  stator  windings. 

The  vibrator,  it  will  be  noticed  on  reference  to  Fig.  1，  is 
a  small  and  compact  machine.  The  armatures  are  only 
10  cm.  in  diam.,  and  at  full  load  with  a  slip  of  2*45  per  cent, 
rotate  about  3^  revs,  in  each  direction.  Since  the  frequency 
of  supply  is  40—  cycles  per  second  they  change  their  direction 
of  rotation  every  half-second.  The  results  of  the  tests  m;"l(' 
are  plotted  in  the  accompanying  curve  (Fig.  3)，  which  shows 
that  at  half-load  the  power  factor  was  '99  leading  and  at 
full  load  *96  leading.  The  corresponding  power  factors  with- 
out the  vibrator  were  '76  lagging  and  '87  lagging  respectively. 


Vibrator 


Fig.  2.— Diagram  of  Connections  of  Rotor  Circuit  with  Kapp  Vibkatdh. 

The  machine  was  guaranteed  to  give  unity  power  factor  from 
half-load  to  full  load,  and  when  the  field  current  was  adjusted 
for  the  latter  value  the  excitation  loss  in  the  fields  of  the 
vibrator  was  only  50  watts. 

The  vibrator  will  work  equally  well  with  an  induction 
machine  running  either  as  a  motor  or  a  generator  without 
change  of  connections,  so  that  when  used  with  machines 
driving  winding  engines  or  locomotives  complete  compensation 
would  be  obtained  under  all  conditions.  A  valuable  feature 
of  the  vibrator  is  that  in  the  event  of  any  mishap  (such  as, 
for  instance,  the  failure  of  the  field)  it  may  be  left  in  circuit, 
even  although  failing  to  fulfil  its  function  as  a  phase  advancer, 
without  affecting  the  running  of  the  motor  with  which  it  is 
installed.     The  use  of  a  vibrator  improves    the  operating 
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Fig.  3.— Power  Factor  Curve  of  330  b.h.p.  Motor  with  Kapp  Vibuator. 

qualities  of  a  motor  not  only  by  correcting  the  power  factor, 
but  also  by  considerably  increasing  its  overload  capacity 
maximum  torque.  Under  favourable  conditions  the  efficiency 
of  the  motor  will  be  improved.  The  overload  capacity  will 
be  increased  because  not  only  the  stator  currents,  but  also 
the  rotor  currents,  of  the  motor  will  be  reduced  when  the 
motor  is  operating  above  the  load  corresponding  to  its 
maximum  power  factor. 

The  vibrator  described  above  was  installed  to  the  order 
of  Cleveland  and  Durham  Electric  Power,  Ltd.,  and  was 
built  at  the  works  of  Messrs.  Sandycroft,  Ltd.,  near  Clit、、t'  r. 
By  the  courtesy  of  the  Chemical  Works,  late  H.  &  E.  Albert, 
it  was  inspected  on  March  20th  last  by  Dr.  Kapp  and  a  large 
number  of  engineers  connected  with  the  Newcastle  and  Tees- 
side  local  sections  of  the  Institution  of  Electrical  Engineers. 


PLASTIC  DEFORMATION  OF  STEEL  DURING  OVERSTRAIN.* 

HY  HENHY  M.  IKiWK  AND  AltTIILH  G.  LEVY. 

In  the  plastic  deformation  of  steel  by  overstrain  such  aa 
punching,  wire  drawing,  cupping,  (、",.，  four  (i 卜 tim't  jjlieuo- 
mena  may  he  observed.  Tliere  are  〃〃'/•-■/〃.〃"〃/'〃•  ""wmen 卜. 
each  particle  moving  as  a  whole,  with  which  are  closely  con- 
nected the  relative  movemeiiis  of  the  masses  of  ferrite, 
cementite,  or  pearlite  within  the  grains,  designated  i/ttra- 
fjr<ai ular  movements.  There  is  also  a  disturbance  of  the  rela- 
tions between  the  pearlite,  ferrite,  and  cementite,  known  as 
intra-pearlitic  movements  and  a  form  of  deformation  called 
rrjfstal  unit  slipping.  The  latter  refers  to  the  travel  of  the 
minute  units  past  each  other,  along  the  slipping  planes, 
giving  rise  to  the  slip  bands  of  Ewing  and  Rosenham. 

In  the  tests  covered  in  this  paper  microscopic  examinations 
were  made  of  longitudinal  sections  through  the  fractures  of 
tensile  test  bars  of  steel  of  0  21,  0*40,  and  1*45  per  cent, 
carbon,  Nos.  2,  3,  and  7  in  Table  I"  through  the  longitudinal 
section  of  a  wire-rod  of  bridge-cable  steel,  which  has  been 
drawn  part  way  through  a  die  in  the  first  draft  of  wire 
making,  No.  5  ；  and  vertical  sections  througli  holes  punched 
through  and  sometimes  part  way  througli  a  tank  plate  and 
also  through  steel  of  0'40  and  0'78  carbon.  In  some  cases 
the  punching  was  done  with  the  usual  tight-fitting  die,  and 
in  others  with  a  die  much  wider  than  the  punch  itself,  or  in 
short  with  both  cylindrical  and  conical  punching.  Tli<- 
deformation  in  the  previously  polished  upper  surface  of  the 
tank  plate  was  also  examined.  The  tensile  properties  of  the 
tensile  test  bars  are  given  in  Table  I.，  and  certain  details  of 
the  punching,  including  the  linear  and  cubic  shortage  of  the 
punched  wad,  are  given  in  Table  II. 

The  inter- g ran u la/-  movements  are  readily  seen  on  a  pre- 
viously polished  surface  soon  after  overstrain  starts  in.  Galy- 
Ache  points  out  that,  with  the  passing  of  the  yield  point, 
grains  like  those  developed  by  etching  appear.  The  uplift 
of  the  grains  is  greater  in  cylindrical  than  in  conical  punch- 
ing, which  might  well  be  foreseen  :  but  there  is  a  further 
and  unexpected  difference  in  that  the  matted  area  throughout 
which  these  inter-granular  movements  occur  is  wider  in  coni- 
cal than  in  cylindrical  punching.  This  probably  represents 
the  greater  bending  down  of  both  upper  and  lower  surface 
in  conical  punching.  Further  observations  are  needed  to 
confirm  this.  We  may  surmise  that  the  units  which  act  as 
grains  in  this  uplift  represent  what  were  the  austenite  grains 
before  austenite-pearlite  transformation  took  place.  The 
massing  of  the  ferrite  would  be  greatest  in  the  boundaries  of 
these  grains,  and  hence  these  boundaries  would  be  the  planes 
of  least  resistance. 

In  each  case  the  punched  hole  is  of  two  parts,  the  parallel 
sided  and  the  diverging  sided,  or  the  polished  "  cylinder  '， 
and  the  matte  "  bell,''  but  there  is  this  striking  difference 
that  with  the  narrow  die  the  divergence  begins  very  near  the 
exit  end  of  the  hole,  whereas  with  the  wide  die  it  begins 
about  one-third  way  down  from  the  entrance  end.  There  is 
the  further  difference  that,  with  the  narrow  die,  the  elonga- 
tion of  the  individual  ferrite  and  pearlite  masses  into  hairs 
or  threads  is  more  marked,  but  that  the  deformation  has 
been  confined  to  a  narrower  ring  than  with  tlie  wide  die,  tliis 
latter  difference  reflecting  the  wider  matting  of  the  polished 
upper  surface  with  the  wide  die.  Thus  with  the  narrow  die 
the  plate  as  a  whole  is  less  bent,  but  the  pearlite  and  ferrite 
masses  are  more  sharply  bent  than  with  the  wide  die. 

In  cylindrical  punching  the  individual  ferrite  aud  pearlite 
masses  are  drawn  out  into  long  hairs,  but  without  great  slip- 
ping of  these  masses  as  such.  Tliere  is  also  an  exchange  of 
partners,  between  the  crystalline  units  of  which  the  ferrite 
and  pearlite  masses  respectively  are  composed,  and  no  doubt 
a  corresponding  exchange  on  this  ultra-microscopic  scale 
between  the  adjoining  surfaces  of  ferrite  and  of  pearlite. 
This  is  especially  true  of  the  surfaces  of  contact  between  fer- 
rite and  pearlite  in  those  regions  in  which  the  degree  of 
elongation  decreases  rapidly  as  we  pass  radially  awav  from 
the  imaginary  prolongation  of  the  ovlind rical  surface  of  the 

*  Abstract  of  paper  presented  at  the  February  meetint!  of  American  lustituW 
of  Mining  Engineers. 
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Fig.  1.— Puobab^k  Cod  use  of  Flow  in  Cylinukical  Punching. 

cylinder  lengthens  more  than  that  adjoining  it,  there  is  an 
infinitesimal  slip  of  erne  past  the  other  ；  and  when  for  infinitely 
thin-walled  cylinders  those  of  crystal-unit  thickness  are  ex- 
changed there  comes  a  like  slipping  measurable  in  crystal - 
unit  thicknesses.    But  though  in  this  sense  the  actual  slip  of 


of  its  initial  high  polish.  Again,  it  is  to  the  centripetal  com- 
ponent u  and  ？ /。  stages  2  and  3，  of  the  pressure  that  we  refer 
the  high  polish  or  schlickensides  in  the  cylindrical  part  of  the 
bole,  both  with  cylindrical  and  with  conical  punchings.  Tlie 
polish  indicates  that  while  the  punch  was  moving  down  the 
metal  of  the  plate  was  forced  strongly  against  it,  as  at  v  and 
uf.  In  strong  contrast  with  this  polisli  is  the  matte  surface 
of  the  bell,  agreeing  with  our  inference  that  the  bell  results 
from  a  crack  starting  at  or  near  the  corners  ft  of  the  die. 


Table  I.—G/h 


and  Trthsile  Proper  tits  of  t/tr  Sfr  r/s  IU  in   P  tt /ir/ii // (/  PJ.rpcrhii  t-n  h<. 


Chemical  composition. 

Tensile  properties. 

No. 

Tensile 

Yield 

Contract  inn 

No.  of  piece. 

c% 

Si% 

Mn  % 

strength 

point 

in  4in. 

of  area. 

lbs.  per  sq.  in. 

lbs.  por  sq.  iii. 

% 

% 

1— iin. 

tank  plate   

T2,  T3 

2— fin. 

IV"  7 

0-21 

0-039 

0-053 

0013 

0-010 

57,385 

33,790 

29-0 

Gl-9 

3— fin. 

L，  1 

0-40 

()•  103 

0-161 

0-014 

0012 

(i!),!)00 

22,480 

23-01 

36-7 

n.  plate   

L，  251  ；  I.,  252 

0-40 

0-103 

0-101 

0-014 

0-012 

n.  plate   

L,  A,  B，C，D 

0-40 

0- 103 

0- 

0-014 

0-012 

— 

三 

5 ~~ Jin. 

wire  rod   

205 

0-75{ 

0 ~ ^in. 

CI 

0-78 

0- 108 

0-2(i 

0-011 

0013 

V— fin. 

round  Ijar   

IX.,  8 

1-45 

0-U 

0-10 

0-00!) 

0-000 

89,250 

35,780 

3-8 

2-91 

Table  II. ~~ -D('t(tih  <tf  Punvhuuj  of  Sferl  /}/af(  s. 


C  per 
cent. 

Loss  of  volume  of  wad 
in  punching.* 

By  By 
Measure.  Wei^ht.t 

Lengthwise 
comi)rrssi<m 

of  wad,  per 

cent,  of 
initial  thick- 
ness of  plate. 

Cylindrical  punching 
Shortage  of  diameter  of 
wad,  in  per  cent,  of 
diameter  of  hole. 

Top  Bottom 

Api>roxiuiate  clearance 
between  maximum 
t:\i\-u inference  of  wad  and 
Die.      Punched  hole. 

(Inch)  (Inch) 

Approximate 
clearance  bet、v''''ii 
inside  diameter 
of  hole  and  die. 

laches. 

Tank  pJate  (average  of  three 

. plunger 

low 

10-2 

0-4 

1-2 

1'2土§ 

0*0005 

0-0015 

0-U05 

J  ]in 

I，  251,  C   

0-40 

14-5 

2-4 

1-2 

1'2 士 

0*00155 

0-0015 

0-005 

(0*20)  dit-. 

(Jonical 

puncbing. 

I，  252,  D   

0-40 

10*3' 

4-3 

9-7 

70 

0-025 

- 
i- 

1> 

. plunder. 

I，  252,  E   

0-40 

10  0 

y- 1 

6-5 

0 

8-3 

0-0275 

0-010 

U.U125 

I，  252,  F   

0-40 

11-7 

3-7 

9-7 

—2-0 

9-1 

0-0205 

0-0165 

0-010 

J  fin 

(0-385)  die. 

Reckoning  volume  of  holes  i 


t  Taking  Hpecific  gravity  as  7*85.  t  The  top  of  the  wad  is  2  per  cent,  wider  than  the  top  of  the  hole. 

§  Not  determined  ；  the  hole  and  wacl  are  nearly  cylindrical. 


any  one  surface  is  probably  very  slight,  yet  the  integration 
of  the  very  many  slips  at  the  very  great  number  of  surfaces 
leads  to  a  great  total  of  slip  and  of  slipping  friction. 

Moreover,  this  drawing  out  of  a  ferrite  grain  into  a  ferrite 
hair  means  an  enormous  increase  in  the  ferrite  surfaces,  and 
hence  an  enormous  degree  of  emergence  of  ferrite  crystal 
units,  which  initially  were  in  contact  with  ferrite  on  all  six 
faces  with  a  given  ferrite  grain.  In  short,  one  face  of  eacli 
uiiit  which  has  thus  moved  to  the  surface  of  a  ferrite  hair  has, 


Cracky  tend  most  strongly  to  start  where  tlic  deformation 
is  greatest,  at  the  corners  -、 >•  of  the  punch  aud  at  or  near  the 
corners  tt  of  the  die,  and  once  started  tend  to  be  extended 


punch,  but  not  more  true  of  those  contacts  themselves  than 
of  every  neighbouring  imaginary  plane  parallel  to  them. 
Where  the  degree  of  elongation  or  travel  thus  varies  radially 
to  the  punched  cylinder,  so  that  one  infinitely  thin-walled 


hairs,  alternately  black  and  white,  hut  the  distortion  Ikis 
exceeded  the  ductility  of  the  metal,  and  started  cracks,  wliich 
in  some  cases  are  only  abortive. 

A  tentative  explanation  of  the  various  facts  is  sketched 
in  Figs.  1  and  2，  representing  stages  in  cylindrical  and  coni- 
cal punching  respectively.  If  the  metal  were  a  perfectly 
mobile  liquid,  then  the  pressure  would  be  the  same  in  every 
direction  and  at  all  points.  But,  because  of  viscosity,  the 
})ressure  decreases  both  as  the  distance  increases  from  the 
corners  of  punch  -、' s  and  of  die  tt,  Fig.  1，  and  as  the  direction 
deviates  from  that  of  the  punching,  yet  there  is  very  appre- 
ciable pressure  in  all  directions.  Thus,  it  is  to  the  upward 
component,  v  stage  1  of  the  pressure,  that  we  may  refer  the 
forcing  up  of  certain  grains  at  the  surface,  and  the  matting 


in  that  motion,  exchanged  contact  with  a  ferrite  particle  for 
contact  with  pearlite,  and  yet  has  preserved  continuity,  liy])o- 
thetically  through  the  interposition  of  Beilby's  fluid  state. 

Our  enquiries  were  not  directed  specially  to  the  flow  wliich 
occurs  during  punching,  nor  have  we  gone  far  enough  to  form 
firm  convictions  about  them,  but  it  seems  well  to  record  ten- 
tative inferences  on  this  subject  drawn  from  some  rather 
striking  phenomena.  The  complete  preservation  of  con- 
tinuity, so  beautifully  shown  by  Tresca  iu,  the  punching  of 
(lu'tile  metals,  is  lacking  in  punchitig  0"40  carbon  steel. 
There  has,  indeed,  been  great  drawing  out  of  the  ferrite 
and  pearlite3  especially  with  the  narrow  die,  into  the  long 


punch 

FlCi.         l'UOBABLK  COUKSK 


Flow  in  Conh  al  Punching. 


by  the  downward  "lovemeut  of  the  wacl.  But  the  condit ions 
tend  more  strongly  to  tliis  extending  at  〃  than  a t  、 、-，  and 
iii  conical  than  in  cylind rical  j)iijicliing,  as  we  will  now 
explain.    As  regards  starting  a  crack,  the  conditions  at  t 
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and  .v  seem  to  be  much  alike,  in  one  case  the  pressing  of  a 
sliarp  edge  into  the  metal  ； m(l  in  tl"'  other  the  pressing 
the  metal  against  a  sliar])  edge,  with  tlic  (出 lVn'i"  ''  tlwit  tli" 
concentration  of  pressure  is  greater  at  .、，  than  ； it  /，  as  is  readily 
seen  if  we  imagine  a  plate  1  l,t.  1  liick  pimcliod  wil li  a  punch 
only  ]in.  cliam.  This  difference  represents  tlie  centrifugal 
movement  of  that  part  of  the  metal  wliicli  lies  initially  in 
the  path  of  the  punch,  in  other  words,  its  r;ulia]  movement, 
resulting  in  bulging  the.  plate  somewhat  in  the  ihm^IiIxhi r- 
hood  of  the  hole,  so  that  the  volume  of  the  wad  is  less  than 
that  of  the  hole. 

As  between  conical  and  cylind rical  pmicliin^  ilicrc  is  Hie 
cliil'erence  that  the  pressure  on  the  die  corners  is  weaker  in 
the  former  at  ft  than  in  the  latter  at  〃，  botli  because  in  the 
former  the  pressure  is  spread  out  over  a  longer  circumference, 
and  because  in  the  former  the  tendency  to  flexure  is  less  at 
the  die  corner  t，  than  at  a  point  nearer  the  axis  of  the  punch. 
This  latter  difference  is  readily  seen  if  we  imagine  a  \  in. 
punch  driven  into  a  ]in.  plate  resting  on  a  3in.  die.  Indeed 
the  shoe-heel  or  burr,  wliich  projects  down  below  the  edge 
of  the  bell  at  the  bottom  of  Fig.  2,  suggests  that  here  Ww 
crack  started,  not  exactly  at  the  edge  of  the  die,  but  little 
nearer  tlie  axis  of  the  punch,  either  because  of  local  weakness, 
or  because  of  the  stronger  bending  moment  there  or  for  l)otli 
reasons.  The  direct  nieasurenients  in  Table  II.  show  that 
the  final  clearance  between  tlie  die  and  the  edge  of  the  w;ul  is 
； ihout  0*()5in.  At  the  time  of  the  starting  of  the  crack  it  was 
j>rohably  less,  because  the  wad  has  probably  narrowed  as  it 
bulged  down  in  the  further  downward  movement.  A  part, 
from  this  there  is  the  difference  between  top  and  bottom, 
that  the  propagation  of  the  crack  started  at  .v  is  opposed  by 
tlie  strong  radial  pressure  //'  and  〃  in  stage  2.  It  is  to  tliis 
strong  centripetal  pressure  that  we  refer  the  arresting  of 
the  cracks.  One  or  more  whole  rings  corresponding  to  these 
excisions  are  often  seen  in  the  polished  cylindrical  part  of  a 
punched  hole.  Here  cracks,  like  that  at  s  in  stage  1，  have 
started  at  various  stages  during  the  down-travel  of  the  punch, 
each  starting  at  the  point  where  the  sharp  corner  of  tlie 
})unch  then  lay,  but  their  propagation  has  been  arrested  and 
a  little  ring  of  triangular  cross  section  has  been  torn  out. 

Now  comparing  conical  with  cylindrical  punching,  there 
is  tlie  difference  that  in  the  latter  the  strong  pressure  ',， 
stage  1，  opposing  the  propagation  of  the  crack  by  holding 
together  the  metal  transversely  to  the  path  of  the  crack,  has 
no  full  equivalent  at  t,  stage  5.  This  pressure  ,/,  on  the 
shoulder  of  the  crack  tends  to  bend  that  shoulder  down, 
through  a  progressive  change  from  the  initially  parallel-sided 
crack,  to  angles  less  and  less  acute  as  in  stage  3，  and  later 
even  obtuse  as  in  stage  4.  Because  the  vertical  component  of 
the  pressure  transverse  to  tlie  crack  is  so  much  feebler  at  t'  in 
conical  punching  than  at  t  in  cylindrical  punching,  the  crack 
at  /'  is  able  to  extend  ；  and  it  thus  creeps  upwards  till  it 
readies  a  region  in  wliich  that  transverse  pressure  is  strong 
enough  to  a rrest  it,  for  instance,  till  stage  6.  As  the  pimrli 
moves  lower  and  lower,  and  the  thickness  of  nietal  still  resist- 
ing its  further  motion  decreases,  the  pressure  due  to  tliat 
resistance  decreases  simultaneously,  and  with  it  tlie  coiti- 
ponent  o i  that  pressure  transverse  to  the  path  of  the  crack, 
and  witli  that  also  decreases  the  resistance  of  tlie  further 
propagation  of  the  crack,  whicli  thus  continues  cree|)iu^ 
upward  till,  as  in  stage  7，  it  reaches  the  cylindrical  hole 
already  formed.  From  this  comes  the  fact  that  the  wad  is 
conical  throughout,  lacking  wholly  an v  cvlind rical  part  repre- 
senting the  cylindrical  part  of  the  hole. 

But  even  in  cylindrical  punrliiiig  there  may  be  a  short 
conical  or  bell  part  at  the  very  bottom.  The  genesis  of  tliis 
. is  suggested  in  stage  4.  At  a  stage  intermediate  between 
3  and  4  the  solid  metal  of  the  plate  is  once  again  pressed 
against  tlie  sharp  corner  of  the  die,  and  this  starts  a  now 
crack  quite  as  the  first  crack  in  stage  1  started.  But  by  this 
time  there  is  so  little  remaining  thickness  of  lnetal  resisting 
the  punch,  and  the  pressure  which  its  resistance  sets  up  is 
therefore  so  slight,  that  the  component  of  that  pressure 
transverse  to  the  crack  is  no  longer  strong  enou^li 
to  arrest  its  propagation,  and  lience  it  creeps  upward  till  it 
reaches  t  ho  (lowii-growing  cyliiider.  Tliis  intersection 
releases  the  last  of  the  resistance  to  the  forward  movement 
of  the  punch,  save  the  slight  frictional  resistance  against  tlie 


sides  of  the  hole,  and  hence  releases  the  pressure  witliin  (In* 
metal  of  the  plate,  and  the  pi  cssure  on  the  top  ol'  tlu?  lit  1 1<- 
hell     of  stage  4,  leaving  it  sliarj)  and  straight  edged. 

This  individual  hell  lias  cut  through.  hut  had  it  卜 'ii'  'i 
somewhat  earlier,  while  there  was  still  enough  pressure  to 
force  its  upper  wall  down  the  latter  might  be  carried  down 
j)ast  tlie  corner  of  the  die,  giving  rise  to  a  thin  plate-hottoni 
burr,  such  as  usually  forms  in  rylindrical  pmicliing.  A  pre- 
liminary examination  of  the  cylind  rical  ly-piinched  holes  indi- 
cates tli at  part  of  the  circiimference  ot  tlie  lower  ed^c  of  tlie 
Iiole  may  liave  siirli  a  hell,  and  the  rest  ot  it  such  ； i  burr,  hut 
that  burr  and  bell  do  ik.I  occur  in  。"'  >;int(i  place. 
if  we  have  sketched  their  genesis  ariglit,  they  are  mutually 
exclusive.  The  intersection  of  the  bell-shaped  crack  with 
the  cylindrical  hole  might  conceivably  occur  at  the  very 
corner  of  the  punch,  but  it  might  also  occur  somewhat  al" 八 x' 
that  corner,  as  was  the  case  in  our  conical  panellings,  leaving 
the  wad-top  burr  y  of  stage  7.  In  cylindrical  punchitiL' 
similar  but  smaller  wad-top  burr  forms  in  like  manner. 

The  reason  why  conical  punching  weakens  a  plate  less 
than  cylindrical  puncliin^,  in  cases  in  wliicli  botli  are  tin- 
palliated  l)y  eit her  reaming  or  annealing,  is  prohablv  that  i， 
Urns  favours  the  ])roj);igation  of  the  crack  which  starts  at  or 
near  the  corner  of  the  die.  At  any  given  instant  it  is  only 
the  metal  not  yet  cracked  tlirougli  that  still  opposes  the  (i (八 vn 
ward  movement  of  the  punch.  Hence  the  early  and  r;ipi'l 
propagation  of  the  crack  in  conical  pu ncliin^  reduces  p;i rl v 
and  quickly  the  resistance  to  tlio  rntry  of  the  punch.  Morr 
over,  less  resistance  means  less  pressure  witlHU  the  plate,  less 
friction  between  those  parts  of  the  plate  already  perforated 
and  the  punch,  and  less  friction  between  the  particles  of  fer- 
rite  and  of  pearlite  which  are  dragged  past  each  other  from 
their  initial  equiaxed  shape.  In  like  manner  the  smaller 
pressure  and  smaller  overstrain  of  the  metal  might  confine 
the  damage  to  metal  in  conical  punching  to  a  jiarrower  ring. 

These  considerations  furnish  the  explanation  of  the  strik- 
ing fact  that  with  the  narrow  die  the  distortion,  as  iii(li(':it"'l 
by  the  length  of  the  zebra  markings,  increases  from  top  to 
bottom  of  tlie  hole.  With  the  wide  die  it  decreases  froin  t  lie 
top  of  the  bell  down.  Indeed  at  the  lower  end  of  the  bell 
the  arrangement  of  the  ferrite  and  pearlite  does  not  clearly 
disclose  any  distortion  at  all,  and  we  need  tlie  presence  of  the 
heel-shaped  burr  at  the  bottom  of  the  bell  to  assure  us  that 
there  really  has  been  material  distortion.  Again,  tlie  de- 
crease in  the  amount  of  deformation  from  top  to  bottom  in 
the  conical  bell  agrees  with  the  conception  that  the  crack 
which  forms  that  bell  starts  at  or  near  the  edge  of  the  die 
and  creeps  up,  instead  of  starting  at  the  edge  of  the  punch 
and  creeping  down,  because  this  deformation  would  naturallv 
cease,  or  diminish  very  greatly,  in  any  given  region,  at  tin* 
moment  wlien  the  crack  extended  beyond  that  region.  A  n 
even  closer  measure  of  the  extent  of  the  deformed  and  em- 
brittled region  could  pr (山 aWv  be  lt;ul  hy  examining  tlie 
cliflerence  of  potential,  on  a  surface  cut  tangentiallv  to  the 
])um'hed  liolo,  tlie  cutting  plane  being  parallel  I o  t \w  axi>  nt" 
t  h('  punch. 


The  Institute  of  Metals.— Prof.  E.  llcvu,  <>\  Bnli",  ,'m'  ot 
the  most  famous  scientists  in  Germany,  is  this  yoar  to  deliv vv 
the  annual  May  lecture  before  the  Institute  of  Metals.  Pi  nt . 
Heyn,  who  has  made  a  life-long  study  of  the  subject,  has  given 
the  title  of  his  discourse  as  "  Inlernal  Strains  in  Cold 
Wrought  Metals  and  Some  Troubles  Caused  Thereby."  Tlie 
Institute  of  Metals  is  fortunate  in  its  May  lecturers,  aiul  m 
the  natural  sequence  of  the  subjects  dealt  with  at  these 
lectures.  Thus,  the  last  May  le*  t  ur»\  l>v  Sir  J.  Alfred  EwiiiL'. 
K.C.B.,  F.R.S.,  was  on  the  subject  of  "  The  Inner  Structure 
of  Simple  Metals,"  and  previously  Dr.  G.  T.  Beilby,  F.R.S., 
had  lectured  on  an  allied  subject,  '•  The  Hard  and  Soft  States 
in  Metals."  Prof.  Heyn's  discourse  will  be  given  in  t l.e 
huilding  of  the  Institution  of  Met'lianical  Engineers,  Storey's 
Gate,  Westminster,  S.W.，  under  the  chairmanship  of 
Admiral  Sir  Henry  Oram,  K.C.B.,  F.R.S.,  the  President  of 
the  Institute  of  Metals,  on  Tuesdav,  Mav  at  8-30  p.m. 

The  secretary  of  the  Institute,  Mr."  G.  Shaw  Scot t .-  M  .Sc,  of 
(，； ixt(>"  House,  Wesl ininstsor,  S.W.,  will  l>e  <(»   ff>rwa nl 

t  ickets  to  anv  readers  wlio  may  desire  to  be  present  at  t  he 
Mav  lecture. 
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SPEED  CONTROL  OF  ALTERNATING-CURRENT  MOTORS. 

In  the  course  of  a  paper  read  before  the  Pittsburg  Section 
of  the  American  Institute  of  Electrical  Engineers  on  March 
10th,  Mr.  G.  E.  Stoltz  presented  the  details  of  a  practical 
scheme  for  controlling  the  speed  of  alternating-current  rolling 
mill  motors.  Rheostatic  control  was,  he  remarked,  satisfac- 
tory for  use  in  conjunction  with  a  flywheel,  for  moderate 
speed  reductions,  where  the  load  was  constant,  but  when 
the  load  momentarily  went  off，  the  speed  rose  to  near  syn- 
chronism. Multi-speed  motors,  having  two  separate  wind- 
ings on  both  stator  and  rotor,  were  satisfactory  for  two  speeds. 
For  more  than  two  speeds  this  scheme  was  both  expensive 
and  inefficient.  The  use  of  two  motors  connected  in  cascade 
provided  four  different  synchronous  speeds.  This  scheme 
was  expensive,  and  not  very  efficient,  and  the  control  was 
complicated.  The  characteristics  of  the  polyphase  commu- 
tator motor  were  similar  to  the  direct-current  motor,  but  the 
additional  reactance  voltage,  due  to  the  pulsating  current 
which  was  not  present  in  the  direct-current  motor,  introduced 
commutation  difficulties.  The  inherent  characteristics  were 
such  that  good  commutation  was  obtained  at  the  expense  of 
poor  power-factor,  and  vice  versa. 

An  installation  had  recently  been  made  which  provided 
exact  speed  control  over  a  wide  range,  with  the  speed  at  any 
setting  constant,  irrespective  of  the  load  on  the  mill.  Unlike 
rheostatic  control  it  was  economical,  and  consisted  of 
standard  apparatus  throughout,  presenting  no  complica- 
tions in  operation  or  repair.  This  apparatus  consisted 
essentially  of  a  standard  wound-secondary  mill  motor, 
connected  to  the  mill  directly,  or  by  means  of  a  gear, 
rope  or  belt  drive.  The  secondary  slip  rings  were  connected 
electrically  to  the  slip  rings  of  a  rotary  converter  with  the 
same  number  of  phases  as  the  secondary  of  the  mill  motor. 
Its  frequency  and  rating  must  be  consistent  with  that  obtained 
from  the  secondary  of  the  large  motor  under  operation.  The 
maximum  speed  reduction  in  this  installation  was  30  per 
cent.,  which  on  a  60-cycle  system  was  equivalent  to  18  cycles 
on  the  secondary.  As  the  locked  secondary  voltage  of  the 
main  motor  was  552  volts,  the  secondary  voltage  correspond- 
ing to  18  cycles  was  166，  corresponding  to  272  volts  on  the 
direct-current  end  of  the  three-phase  rotary  converter.  The 
direct-current  terminals  were  connected  to  the  direct-current 
machine  of  a  motor  generator  set,  the  alternating-current 
machine,  a  standard  squirrel-cage  motor,  being  connected 
directly  to  the  three-phase  line.  Each  of  these  machines  had 
a  capacity  equal  to  30  per  cent,  of  that  of  the  main 
mill  motor. 

In  operation,  the  converter  took  current  from  the 
secondary  of  the  mill  motor,  and  returned  it,  through  the 
motor-generator  set,  to  the  line,  the  squirrel-cage  machine 
acting  as  an  asynchronous  generator  when  running  above 
synchronous  speed.  The  synchronous  speed  of  the  mill 
motor  under  these  conditions  was  equal  to  60  cycles 
minus  the  frequency  of  the  converter,  which  depended 
on  its  speed,  which,  in  turn,  with  constant  field  excita- 
tion, depended  on  the  voltage  impressed  across  its  direct- 
current  terminals.  This  voltage,  and  hence  the  speed 
of  the  converter,  and  the  speed  reduction  of  the  mill  motor, 
depended  on  the  excitation  of  the  direct-current  machine  of 
the  motor-generator  set.  At  maximum  excitation  the  mill 
motor  speed  was  reduced  to  30  per  cent.  At  zero  excitation  the 
speed  of  the  mill  motor  would  be  the  same  as  if  its  secondary 
was  short-circuited.  With  the  fields  reversed,  and  full  ex- 
citation applied,  the  mill  motor  would  run  approximately  30 
per  cent,  above  synchronous  speed.  In  this  case  the  speed 
of  the  motor -generator  set  dropped  below  synchronism 
and  the  squirrel-cage  machine  drew  power  from  the  line, 
feeding  it  through  the  rotary  converter  into  the  mill  motor, 
which  thus  received  power  at  both  its  primary  and  secondary 
terminals.  The  speed  characteristics  of  the  outfit  could  be 
designed  to  give  the  motor  practically  constant  speed,  regard- 
less of  load,  or  to  provide  sufficient  speed  drop  to  take 
advantage  of  a  flywheel.  The  complete  outfit  had  a  full-load 
efficiency  of  84  per  cent"  with  a  speed  reduction  of  30  per 
cent. 


Fatal  Boiler  Explosion  on  British  Destroyer. ― As  a  result  of 
the  bursting  of  a  boiler  tube  in  H.M.S.  "  Albacore,"  at 
Chatham  on  the  6th  inst"  one  stoker  was  killed  and  two  others 
so  seriously  injured  that  they  subsequently  died. 


BLASTFURNACE  "BEARS," 

At  a  meeting  of  the  Cleveland  Institution  of  Engineers,  held 
at  Middlesbrough  on  the  6th  inst.,  Dr.  J.  E.  Stead,  F.R.S., 
read  an  interesting  paper  on  "  Blastfurnace  Bears  and  What 
They  Teach  Us，'，  in  the  course  of  which  he  defined  a  blastfur- 
nace bear  as  a  solidified  mass  of  metal  below  the  hearth  or  floor 
level  of  a  blastfurnace  found  after  the  furnace  had  been  blown 
out  after  long  service.  During  the  life  of  a  furnace  the  hearth 
floor,  generally  made  of  firebrick,  was  slowly  acted  upon  by 
the  metal  and  much  of  it  eventually  passed  out  with  the  slag 
into  the  slag  ladle.  The  result  of  this  was  that  in  time  a  hole 
many  feet  deep  was  formed.  Into  this  pig  or  hole  liquid 
metal  remained  and  more  of  it  could  be  removed  via  the 
tapping  hole.  The  metal  sometimes  not  only  worked  its  way 
downward,  but  after  reaching  a  considerable  depth,  acted 
upon  the  brickwork  laterally  and  travelled  sideways.  Some- 
times the  metal  passed  through  the  walls  of  the  furnace 
foundations  and  then  worked  its  way  upward,  and  escaped, 
doing  damage,  causing  great  inconvenience  to  the  workmen, 
and  leading  occasionally  to  serious  damage.  When  the 
furnace  was  blown  out,  the  whole  of  the  liquid  metal  below 
the  level  of  the  tapping  hole  eventually  became  solid  and  con- 
stituted the  blastfurnace  "  bear,"  called  in  the  north-east  of 
England  district  "  an  old  horse/'  and  in  Germany  "  a  sow." 
The  bears  when  taken  out  of  the  furnace  hearths  weighed 
from  20  tons  to  several  hundred  tons.  To  remove  them  they 
had  to  be  drilled  and  blasted  bit  by  bit,  a  process  involving 
considerable  labour,  cost,  and  time.  The  "  bears  "  taught  the 
practical  smelter  that  during  the  working  of  his  furnace  he 
had  been  continually  losing  metal  and  storing  up  a  substance 
of  much  less  value  than  it  would  have  been  had  it  been  run 
out  and  cast  into  pigs.  The  large  apparent  amount  of  pure 
graphite  found  in  the  u  bears  "  had  led  to  the  trial  of  carbon 
and  tar  concrete,  and  solid  carbon  bricks  had  recently  been 
introduced  and  put  into  use.  The  concrete  hearths  had 
failed,  and  the  solid  carbon  bricks  had  not  been  long  enough 
in  use  to  justify  any  definite  conclusion  being  formed  as  to 
their  resisting  quality.  Diamonds,  it  was  alleged,  had  been 
found  by  some  German  chemists  in  "  bears/'  and  Moissan 
actually  produced  diamonds  by  suddenly  chilling  highly- 
heated  and  carburised  iron  in  crucibles.  The  contraction  of 
the  outward  solid  envelope  on  the  interior  fluid  and  solidifying 
metal  produced  enormous  pressure,  which  induced  a  portion 
of  the  excess  carbon  to  assume  the  diamond  instead  of  the 
much  lighter  graphitic  form  of  carbon.  These  manufactured 
diamonds  had  to  be  highly  magnified  before  they  could  be 
seen.  The  largest  ever  produced  measured  not  more  than  half 
a  millimetre  in  diameter.  After  describing  interesting 
" bears  "  found  in  Cleveland  blastfurnaces,  the  author  con- 
cluded by  saying  that  there  were  many  things  furnace 
" bears  "  might  teach  them,  possibly  materials  not  yet  dis- 
covered, and  possibly  diamonds,  for  the  enormous  pressure 
exerted  on  the  internal  metal  during  the  contraction  of  the 
outer  portions  at  the  time  when  the  carbon  tended  to  separate 
as  graphite,  was  just  the  condition  favourable  for  their  for- 
mation. To  the  geologist  and  mineralogist,  "  bears  "  should 
be  most  interesting,  for  there  was  no  short  line  dividing  the 
metallographist  and  the  geologist  or  the  meteralogist  and  the 
mineralogist. 


North  of  England  Institute  of  Mining  and  Mechanical  Engineers. 

― A  meeting  of  the  members  of  this  Institute  was  held  in 
Newcastle  on  the  4th  inst.,  the  President  (Col.  W.  C. 
Blackett)  in  the  chair.  A  paper  was  read  by  Mr.  W.  C. 
Mountain  on  "  Notes  on  the  Utilisation  of  Exhaust  Steam 
for  Collieries,  Ironworks,  &c"  and  the  Cost  of  Electric  Cur- 
rent Generated."  A  mine-signalling  apparatus  was  ex- 
hibited, described,  and  demonstrated  by  the  British  Electrical 
and  Manufacturing  Company. 

The  Institution  of  Mechanical  Engineers. ― An  ordinary  general 
meeting  will  be  held  in  the  Meeting  Hall  of  the  Institution 
on  Friday,  April  24th,  at  8  p.m.,  when  a  paper  on  the 
" Application  of  Electrical  Driving  to  Existing  Rolling 
Mills/'  by  L.  Rothera,  B.Sc"  London,  will  be  read  and 
discussed.  The  anniversary  dinner  will  be  held  at  the 
Connaught  Rooms,  Great  Queen  Street,  London,  on  Thursday, 
April  23rd.  The  conversazione  will  be  held  at  the  Institution 
on  Thursday,  May  21st. 
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THE  ELASTICITY  AND  ENDURANCE  OF  STEAM  PIPES.* 

BY  C.  E.  STROMEYER. 

( Concluded  from  page  338，) 

Prof.  Bautlin  carried  out  some  experiments  on  U  IxmhIs 
shaped  as  shown  in  Fig.  8. 十  As  the  bends  were  not  square, 
other  but  similar  formulae  to  the  above  had  to  be  constructed 
for  estimating  the  displacements  of  the  flange  C.  These  are 
recorded  in  the  columns  marked  "  Est.  ，，  in  Table  IV.  Th,' 
observed  displacements  are  to  be  found  in  the  columns  marked 
" Obs."  This  table  also  contains  the  dimensions,  materials, 
and  other  details  about  the  curved  pipes  or  bars.  The 
modulus  of  elasticity  of  the  cast-iron  pipe  was  7,870  tons  per 
square  inch. 

The  formula  for  these  bends  is  :  ~ 

A  =17-27  X  .  R3  :E  .  IandS=  A   D  .  E  :  17  27  R2. 
It  must  not  be  overlooked  that,  whereas  in  the  previous 
case  (Fig.  7)  the  height  H  of  the  bend  is  2  R，  in  the  present 
case  (Fig.  8)  it  is  3*414  R.    The  agreement  for  the  mild-steel 
rods  between  the  estimated  and  observed  displacements  is 


hy  scaling  them  with  the  help  of  the  diameterH  as  sketched. 
It  is  therefore  possible  that  the  dimensions  which  have  been 
adopted  in  the  following  calculations  are  not  always  correct. 

U  bends  (Fig.  9)  with  central  branch  do  not  sw'm  to 
have  failed,  and  this  case  need  not  be  discussed. 

L  Hends  and  Simple  U  Bc'ids  (see  Fig.  10).  Tlie  following 
formula  for  the  displacement  r5  //  in  the  case  of  L  bends  and 
of  2  8y  for  U  bends  can  be  determined  in  terms  of  ，1"' 
horizontal  pull  Y  and  the  bending  moment  M，  by  cornhining 
the  formula  in  Table  I.  for  the  cases  represented  by  Figs.  1， 
2,  and  5.  As  there  is  no  pull  X，  and  as  the  sums  of  the 
deflections  of  the  length  L  and  the  bend  is  naught,  Y  can  be 
eliminated,  and  M  can  be  expressed  in  terms  of  'St,，  the 
maximum  bending  stress. 

8  y  =  0712  Sb  ,  R2  (L  +  0  65R):E  .  D(L  +  R). 

For  copper  E  =  8,300  tons  per  square  inch,  so  that 
" = Sb  R  (L  +  0  65  R)  ：  11,600  .  D  .  (L  +  R). 

This  formula  has  been  used  in  calculating  the  displace- 
ments 3y  for  the  following  L  bends,  and  2dy  for  U  U'"(ls, 
士  Sh  being  the  fatigue  stresses  which  have  been  previously 
determined  (Table  I.)  for  the  several  cases. 


Table  IV. — Professor  Ihi t/f/i/i^s  AV /〃'/'/〃〃〃〃.、•  <m  the  AV〃. 、■//•,'////  f/f 


DIMENSIONS,  &c. 


Details  of  Bends. 

Height. 
Inches. 

Outside  Diameters 
and  Thicknesses. 
Inches. 

Moment  of 
Inertia  I. 

E.  I. 
Millions. 

94-7 

8-7x8-2x0-26 

27 

810 

00 

5-3x5-lx0-175 

2' 65 

80 

94-7 

8-5x8-4x0*78 

139 

275 

D,  Mild  steel  rod   

54-6 

3*  14  square 

8-0 

240 

62-5 

3*  14  square 

80 

240 

TEST  RESULTS. 

Difference  between  two  successive  Thrusts  i 

a  Pounds. 

220 

440 

660 

880 

1,325 

1,980 

2,420 

Estimated  and  Observed  Displacements  of  Flange  C.  Inches. 


Est. 

Obs. 

Est. 

Obs. 

Est. 

Obs. 

Est. 

Obs. 

Est. 

Obs. 

Est. 

Obs. 

Est. 

Obs. 

A 

•30 

•68 

•60 

1-37 

■90 

2-16 

110 

2-96 

B 

•84 

•69 

1-67 

1-42 

C 

•06 

•  10 

•12 

•22 

•17 

•33 

D 

•19 

•24 

E 

•30 

•33 

The  elastic  limit  was  reached  with  pipe  A  with  a  thrust  of  l,980Ibs. 


satisfactory,  but  pipes  seem  to  be  rather  more  elastic  than 
was  to  be  expected.  The  discrepancies  between  the  estimated 
and  the  observed  displacement  for  the  mild-steel  pipe  A  have 
been  explained  as  being  due  to  slight  puckers  on  the  insides 
of  the  bends  of  the  pipes.  In  part  they  are  also  due  to  the 
thinning,  during  the  bending  operations,  of  the  outsides  of 
the  bends.  Generally  speaking,  Prof.  Bautlin's  important 
experiments  confirm  the  mathematical  estimates  of  the 
deformations  of  bent  pipes,  and  these  may,  therefore,  be 
applied  to  the  few  exploded  steam  pipes  for  which  the  pro- 
bable alternating  stresses  have  already  been  calculated. 

It  is  very  unfortunate  for  investigations  like  the  present 
one  into  the  mechanical  causes  of  explosions  that  the  Board 
of  Trade  reports  contain  so  little  information  about  those 
parts  which,  in  the  opinion  of  the  reporting  surveyors,  are 
not  the  direct  causes  of  the  explosions.  Thus,  amongst  about 
100  reports  on  steam  pipe  explosions,  which  it  is  believed 
were  brought  about  by  want  of  elasticity,  the  diameters  of 
the  pipes  and  the  thickness  at  the  point  of  fracture  are  given, 
but  rarely  is  any  mention  made  of  the  lengths  or  the  elasti- 
cities of  these  pipes,  although  these  are  the  determining 
factors. 

For  the  purpose  of  this  paper,  these  lengths,  as  well  as 
the  radii  of  curvature,  had  to  be  approximately  ascertained 

*  Paper  read  at  the  spring  meetings  of  the  fifty-fifth  session  of  the  Institution 
of  Naval  Architects,  April  2nd,  1914. 

t  "  Zeitschrift  des  Vereins  Deutscher  Ingenieiire,  1910,"  Vol.  LIV.,  p.  43.  Also 
" Mitteilingen  iiber  Forsrhungsarl)eiten  des  Vereins  Deutschoi'  Tn^fiiitHirc. " 
Vol.  XC\l,  ' 


Report  No.  958  deals  with  the  two  separate  L  bends,  made 
of  electro-deposited  copper  of  5in.  external  diameter  hooped 
with  iron  bands.  The  starboard  (shorter)  length,  in  which, 
according  to  the  sketch,  L  and  R  seem  to  be  respectively 
about  11  in.  and  57in.,  failed,  as  already  stated,  after 
12  months'  running.  Assuming  the  correctness  of  the  pre- 
viously found  alternating  stresses  of  ±  6*2  tons  per  square 
inch,  the  relative  movements  of  the  two  ends  of  the  pipe 
should  by  the  formula  be  士  0'38in.  In  the  port  (longer) 
branch,  L  and  R  seem  to  be  respectively  75in.  and  68in. 
Assuming  the  correctness  of  the  previously  found  stresses  of 
士  5' 74  tons  per  square  inch,  the  relative  movements  of  the 
pipe  ends  should  be  士  0'25in. 

Report  No.  1,049  deals  with  another  L  bend  of  solid 
drawn  copper  of  5^in.  external  diameter.  According  to  the 
sketch,  L  and  R  seem  to  be  respectively  80in.  and  25in. 
Assuming  the  correctness  of  the  previously  found  alternating" 
stresses  of  士  5*65  tons  per  square  inch  for  the  first  failure 
after  years'  running,  the  relative  movement  of  the  two  ends 
of  the  pipe  should  be  0  049in.  for  the  second  failure  after 
12  months'  running,  for  which  the  alternate  stresses  would  be 
士  6'02  tons,  the  relative  movements  should  be  0  051  in.  The 
comparative  smallness  of  these  relative  movements  are  due  to 
the  great  rigidity  of  the  small  bend,  which  was  only  five  times 
as  large  as  the  diameter  of  the  pipe.  In  fact  the  pipe  very 
probably  acted  as  a  stay  between  the  engine  and  the  boiler, 
and  restricted  their  movements  while  being  fatigued.  Had 
the  relative  movements  been  larger  and  the  stresses  intenser 
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the  failures  would  have  occurred  sooner,  as  happened  in  tlie 
two  following  cases. 

Report  No.  1,181  deals  with  an  L  bend  of  solid  drawn 
copper,  6§in.  external  diameter.  According  to  the  sketch, 
L  and  R  seem  to  be  respectively  42in.  and  50in.  Assuming 
the  correctness  of  the  previously  found  alternating  stresses  of 
士  】0'57  tons  per  square  inch  for  the  failure,  which  occurred 
after  24  hours'  heavy  weather  immediately  after  previous 
annealing,  the  relative  movements  of  the  ends  of  the  pipe 
should  be  0'27in.  Seeing  that  the  estimated  alternating 
stresses  during  the  previous  10  years'  running  were  only 
士  5'27  tons  per  square  inch,  the  relative  movements  of  the 
pipe  ends  during  tliis  longer  period  do  not  seem  to  liave 
exceeded  土  0'14iii. 

Report  No.  1,954  deals  with  an  L  bend  of  sheet  copper, 
4*92in.  external  diameter.  According  to  the  sketch,  L  and  R 
seem  to  be  respectively  93in.  and  32in.  Assuming  the 
correctness  of  the  previously  found  alternating  stresses  of 
士  13.85  tons  per  square  inch  for  the  new  pipe,  which  failed 
during  a  run  of  four  hours  in  very  heavy  weather,  the  relative 
movements  of  the  ends  of  the  pipe  should  be  士  0'23in.  For 
the  old  pipe,  which  failed  after  eight  years'  running  under 
stresses  of  士  5  33  tons  per  square  inch,  the  relative  movements 
should  be  士  0'09in. 

Report  No.  1,355  deals  with  an  L  bend  of  solid  drawn 
copper,  5'19in.  external  diameter.  According  to  the  sketch, 
L  and  R  seem  to  be  respectively  70in.  and  lOOin.  long. 
Assuming  the  correctness  of  the  previously  found  alternating 
stresses  of  士  5  62  tons  per  square  inch,  the  relative  move- 
ments of  the  ends  of  the  pipe  should  be  士  0'39in. 

Report  No.  1,543  deals  with  a  U  bend  of  solid  drawn 
copper  4'94in.  external  diameter.  Judging  by  the  sketch, 
L  and  R  seem  to  be  respectively  16in.  and  46in.  long. 
Assuming  the  correctness  of  the  previously  found  alternating 
stresses  of  士  5"52  tons  per  square  inch,  the  relative  movement 
of  the  ends  of  the  pipe  should  be  士  0'26in. 

Report  No.  2,021  deals  with  an  L  bend  of  solid  drawn 
copper,  5"5in.  external  diameter  and  0'25in.  thick.  Accord- 
ing to  the  sketch,  L  and  R  seem  to  be  respectively  68in.  and 
42in.  Assuming  the  correctness  of  the  previously  found 
stresses  of  士  5.61  tons  per  square  inch,  the  relative  move- 
ments of  the  ends  of  the  pipe  should  be  士  0'17in. 

These  and  the  previous  estimates  are  summarised  in 
Table  V.  They  are  all  based  on  the  empirical  formula; 
which  correlates  the  fatigue  stresses  for  copper  and 
the  number  of  their  repetitions  up  to  the  point  of 
failure.  The  experiments  on  which  it  is  based  are  com- 
paratively few,  and  more  comprehensive  ones  will  shortly  be 
carried  out  on  a  new  fatigue  testing  machine  which  is  nearing 
completion,  but,  seeing  that  the  results  of  fatigue  tests  with 
mild  steel  are  very  consistent,  the  intended  further  experi- 
ments on  copper  will  probably  merely  confirm  those  already 
obtained. 


Table  V. ― Eatimaled  I ntmsifi"  of  Fafif/ue  Stresses  and  the 
lUJdtire  Morrmf/tfs  of  the  t/if/s  of  the  Fracttintl  Pipes. 


Estimated 

Report 
Number. 

Assumed  No.  of 
Vihrations. 

Faticr 
Tons 

Lie  Stresses. 
]>or  squaiv 
iii<h. 

Movements. 
Inches. 

Failures  due  to  vibrations  of  the  Knyincs. 


958  ( 1 ) 

15,000,000 

士  6-02 

±0'38 

.. (2) 

:!I.(I(MI,(III(> 

I  5' 74 

±0-25 

1049  (1) 

-J(I.(I<MI.(HMI 

+  5fi5 

0  049 

,, (2) 

l.r),000,()()l» 

±  6-02 

±0-051 

1181  (1) 

150,000.(1(1(1 

屮 

±0-14 

，， (2) 

86,000 

士 10' 57 

士  0'27 

1954  (1) 

120,000,000 

'一 

CO 

土  0'0!) 

，， (2) 

14,000 

±13-85 

士  0-23 

Failures  due  to  loose  Engine  Seat'ings. 


1355 

44,000,000 

士 

5-62 

士  0-3!) 

1543 

f>0,000,000 

士 

5-52 

±0-26 

2021 

45,000,000 

:V"I 

±0-17 

Assuming  the  correctness  of  the  empirical  forinula  then, 
judging  by  the  estimates  contained  in  Table  V,，  relative  move- 
ments  between  engines  and  boilers  of  士  0'38in.  (see  No.  985) 
or  more  should  be  allowed  for.  These  were  associated  with 
fatigue  stresses  of  士  6'02  tons  per  square  inch,  which  exceed 
the  fatigue  limit  of  土  4  3  by  1*7  tons  per  square  inch.  If 
these  relative  movements  of  士  0  38in.  had  not  exceeded 
士  0'27in.  the  pipe  would  not  have  failed.  Had  the  pipe  been 
made  of  steel  it>  would  also  not  have  failed,  for  although  its 
modulus  of  elasticity  is  13,000,  as  against  8,300  tons  per  square 
inch  for  copper,  the  respective  fatigue  limits  are  10'3  and 
4'3  tons  per  square  inch,  and  the  maximum  relative  movements 
to  which  such  a  steel  pipe  would  have  submitted  without 
injury  would  have  been  士  0'43in.  Conversely  if  a  steel  pipe 
of  the  above  dimensions  were  replaced  by  a  copper  one  and 
the  relative  movements  of  its  ends  were  maintained  at 
士  0'43in"  then  the  fatigue  stresses  in  the  copper  pipe  would 
be  士  6*77  tons  per  square  inch,  or  士  2'47  tons  above  the 
fatigue  limit  of  士  4.3  tons,  and  the  copper  pipe  would  fail 
after  3,600,000  repetitions.  This  means  that  if  any  copper 
pipe  were  to  fail  after  experiencing  three  and  a  half  million 
stress  cycles,  which  corresponds  to  42  days'  continuous  running 
of  the  engines  at  60  revs,  per  minute,  and  if  it  were  to  be 
replaced  by  a  steel  pipe,  this  would  last  for  ever,  and,  as  most 
of  the  pipes  dealt  with  in  the  Board  of  Trade  reports  did  last 
longer  than  42  days,  the  number  of  explosions  would  have 
been  correspondingly  reduced  if  steel  pipes  had  been  used 
instead  of  copper  ones. 

But ― and  this  is  a  point  which  should  on  no  account  be 
overlooked ― it  is  highly  probable  that  the  cast-iron  valve  cases 
to  which  these  steel  pipes  would  have  to  be  attached  would 
have  fractured  at  an  early  date,  because  the  resisting  moments 
of  steel  pipes  are  13,000  : 8,300  =  T56  times  as  great  as  those 
of  copper  pipes  of  the  same  dimensions  ；  and  even  copper 
pipes  are  occasionally  strong  enough  to  fracture  the  cast-iron 
valves  to  which  they  are  attached,  as  is  evident  from  the 
following  Board  of  Trade  reports  ： ― 

No.  389. ― A  copper  pipe  with  fairly  large  bends  broke  the 
neck  of  the  valve  chest  to  which  it  was  attached. 

No.  556. ― The  thrust  on  an  expansion  gland,  acting  at  the 
end  of  a  copper  pipe  as  a  lever,  broke  the  neck  of  the  valve 
chest  to  which  it  was  attached. 

No.  971. ― A  copper  pipe  which  was  attached  to  the  end 
of  a  combined  expansion  gland,  stop  valve,  and  throttle  valve 
casing,  broke  the  latter. 

No.  1,072. ― A  copper  pipe  broke  the  cast-iron  neck  of  a 
complicated  cheat  to  which  it  was  attached.  The  other  end 
of  the  pipe  formed  part  of  an  expansion  gland,  which  was 
attached  to  the  engine  whose  lateral  motion  was  the  cause  of 
the  fracture. 

No.  1,177. ― A  copper  U  bend  between  a  boiler  and  its 
engine,  acting  on  the  end  of  a  throttle  valve  casing,  broke  it. 

No.  1,572. ― The  thrust  of  an  expansion  gland  acting  at 
the  end  of  a  copper  bend  broke  the  valve  casing  to  which  it 
was  attached. 

In  the  following  cases  the  pipes  were  of  wrought  iron  :■ ~~ - 
No.    1,230. ― A   straight  wrouglit-iron  pipe    between  an 
expansion  gland  on  the  engine  and  a  short  cast-iron  bend  on 
the  boiler  stop  valve  broke  the  neck  of  the  latter. 

No.  1,404. ― A  straight  iron  pipe,  which  ended  in  an 
expansion  joint,  broke  the  neck  of  the  valve  casing  to  which 
it  was  attached. 

The  following  rather  unusual  failures  may  be  due  to  bad 
material,  but  seeing  that  they  occurred  both  with  sheet  copper 
pipes,  solid  drawn  ones,  and  electro-deposited  ones,  it  is  not 
unlikely  that  they  were  due  to  fatigue  stresses.  However,  as 
all  these  cracks  are  along  the  neutral  line  of  the  copper  bends 
where  there  are  no  bending  stresses,  but  where  the  shearing 
fatigue  stresses  are  a  maximum,  it  is  not  unlikely  that  these 
alternating  shearing  stresses  were  relatively  more  intense  than 
the  bending  stresses  near  the  flanges .  It  should  also  be 
remembered  that  the  fatigue  limit  for  shearing  stresses  is  only 
about  士  2'5  tons  per  square  inch . 

No.  1,231  deals  with  a  sharp  bend  of  sheet  copper  3"55in. 
external  diameter,  which  cracked  near  the  brazing  line,  which 
is  also  the  neutral  line  of  the  bend.  The  bend  was  eight 
years  old  when  it  failed. 

No.  1,262  deals  with  a  bend  of  sheet  copper  10'2in. 
external  diameter,  which  cracked  near  the  brazing  line  like 
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the  a))ove-iiieiiiione(l  bend.  This  pipe  failed  after  1  (1  monl  lis' 
work. 

No.  1,662  deals  with  a  bend  of  solid 山; iw"  roj)|>(M-  li.lin. 
external  diameter,  which  failed  alon^  t  lie  neut  ral  line  after 
three  years'  work,  when  it  was  repaired  and  annoaled,  hut  it 
(ailed  ； i^ain  alter  seven  years. 

No.  1,839  d(\'(ls  with  an  expension  IxmhI  of  solid  drawn 
coj)per  fy42in.  external  diameter,  whicli  failed  alon^  the 
neutral  line  after  nine  years'  work.  Locally  the  "'n;irity  was 
reduced  to  '「)•（；  tons  wit'li  no  eloni^at  ion. 

No.  1,882  deals  witli  ;i  l>eixl  of  solid  <lra\vn  copper  f)'2in. 
external  diameter,  which  failed  along  t  he  neut  ral  line  after 
three  years'  work.  It  had  probably  been  damaged  locally 
while  being  repaired.  Locally  the  tenacity  was  reduced  to 
7  ions  with  1  '5  per  cent,  elongation. 

No.  2,1 10  deals  with  an  expansion  bend  of  solid  drawn 
copper  r).4in.  diain.,  which  failed  along  the  neutral  line  after 
four  and  a  half  years'  work. 

No.  2,140  deals  with  an  expansion  bend  of  solid  drawn 
copper  6^in.  external  diameter,  which  failed  along  the  neutral 
line  after  six  years'  work. 

No.  986  deals  with  a  bend  of  electro-deposited  copper 
3Jin.  external  diameter,  which  failed  along  the  neutral  line 
after  three  years'  work. 

No.  1,383  deals  with  a  bend  of  electro-deposited  copper 
4'8in.  external  diameter,  which  failed  along  the  neutral  line 
after  seven  years'  work,  close  to  a  repair  sleeve  which  had 
been  brazed  on  three  months  before  the  explosion. 

No.  1,736  deals  with  a  bend  of  electro-deposited  copper 
3'8in.  diain.，  which  failed  after  one  year's  work.  The 
tenacity  was  locally  reduced  to  12*5  tons  with  5  and  8  per 
cent,  elongation. 

No.  1,770  deals  with  a  bend  of  electro-deposited  copper 
5*4in.  external  diameter,  which  failed  after  two  years'  work. 
The  tenacity  was  reduced  from  about  13,5  tons  with  45  per 
cent,  elongation  to  between  9  and  10  tons  with  5  to  7  per 
cent,  elongation. 

No.  2,163  deals  with  an  expansion  bend  of  electro-deposited 
copper  Gin.  external  diameter,  which  failed  along  the  neutral 
line  after  six  years'  work. 

If,  as  seems  probable,  the  above  12  failures  (about  8  per 
cent,  of  the  total)  were  due  to  shear  fatigue  stresses,  which  are 
severest  along  the  neutral  lines  of  beams,  they  would  indicate 
that  the  bends  had  been'subjected  to  more  complicated  forces 
than  have  been  assumed  when  dealing  witli  the  other  failures, 
but  in  the  absence  of  any  details  about  the  relative  movements 
of  the  engines  and  boilers  it  is  fruitless  to  venture  on  any 
estimates,  except  to  say  that  the  formula  for  torsion  fatigue 
stresses  should  be  applied  to  these  cases,  and  that  the  stresses 
which  are  due  to  the  internal  steam  pressures  should  not  be 
overlooked. 

While  studying  those  Board  of  Trade  reports  which  seemed 
to  have  a  bearing  on  the  present  question,  it  was  noticed  that 
many  copper  pipes  had  failed  shortly  after  being  annealed, 
although  until  then  they  had  worked  satisfactorily  for  years. 
This  experience  would  suggest,  either  that  annealing  does  not 
remove  the  effect  of  fatigue  stresses,  or  that,  if  carried  out 
injudiciously,  it  changes  tough  copper  into  a  brittle  material. 
In  the  following  list  of  reported  cases  the  numbers  in  brackets 
denote  the  periods  in  months  which  elapsed  between  the  dates 
of  annealing  and  of  failure  : — 

Pipes  of  hra\t(]  s/nef  copper. ― Nos.  1,922  (4)，  1,210  (5), 
1,021  (6)，  2,105  (17),  1,011  (19),  1,443  (23). 

Solid  drawn  copper  pipes.— Nos.  1,839  (i),  1,926  (2), 
1,709  (5)，  1,327  (6)，  】，327  (8)，  1,993  (9)，  1,187  (10),  2,003  (；」 1)， 
2,110  (36),  1,898  (48). 

ElectrO'deposited  copper  pipes. — Nos.  1,164  (3)，  1,501  (12)， 
970  (12)，  1,610  (19). 

The  average  life  of  a  copper  pipe  after  being  annealed 
seems  to  be  about  one  year  for  each  one  of  the  above  tliree 
groups,  but,  as  already  suggested,  these  cases  do  not  prove  that 
annealing  is  or  is  not  a  remedy  for  fatigued  copper.  Then 
also,  this  experience  as  regards  copper  does  not  apply  to 
steel  pipes . 

As  a  safeguard  against  fatigue  stresses  in  steam  pipes 
expansion  glands  are  sometimes  fitted,  but  they  are  not  always 
applied  where  wanted  ；  they  sometimes  stick  fast ,  ami  if  l)a(l'lv 
designed,  the  pipes  blow  out  of  their  sockets. 

This  latter  class  of  accidents  is  illustrated  in  reports 
Nos.  779,  1,702,  2,246. 


Pipes  which  stuck  fast  in  their  sockets  and  did  not  take 
up  the  movements  are  to  l>e  found  in  tlie  following  i"""" 
Nos.  283,  1,29G,  1,404,  1,GG6,  the  last  being  a  douhtful  case. 

In  t he  following  cases  the  thrusts  of  the  pipes  in  t lie  glands 
acting  on  long  bends  fractured  tl"'s('  near  t  hoir  rorjt-,  oi  t  \\c 
glands  liad  stuck  fast  and  the  fractures  were  due  to  fatigue  ： 
Nos.  556，  1,113,  1,187,  1,207，  1,230，  1,343,  1,489,  1,572， 
1,583,  】，G05,  】,G09，  1,852,  1,978,  1,91G.  These  are  mostly 
ftiarine  cases. 

In  the  following  cases  ilie  expansion  glands  neither  ]mt«- 
vented  the  pipes  from  fracturing  nor  did  t hey  cause  the 
fractures  ：  Nos.  169，  584,  971,  1,011，  1,035,  1,056，  1,072， 
1,109，  1,172，  1,185,  1,214,  1,264,  1,398,  1,461,  1,515，  1,537, 
1,556，  1,747，  1,771，  1,899，  2,006.  About  half  of  these  cases 
occurred  on  steamers. 

The  labour  expended  on  this  eiujuiry  should  afford  a  better 
insight  than  was  previously  possible  into  the  question  of 
endurance  of  steam  pipes,  and  will,  it  is  hoped,  also  lead  to 
measurements  being  taken  of  the  movements  of  engines  and 
boilers,  both  when  getting  up  steam,  when  running  under 
ordinary  conditions,  and  when  encountering  heavy  weather. 


INSTITUTE  OF  MARINE  ENGINEERS. 

Visit  to  Works  of  Messrs.  Siemens  Bros.  &  Co,，  Ltd. 

On  Saturday  afternoon,  April  4tli,  a  party  from  the  Institute 
of  Marine  Engineers  paid  a  visit  to  the  Woolwich  works  of 
Messrs.  Siemens  Bros.  &  Co.，  Ltd.  Kstahlished  in  1864, 
these  works  cover  an  area  of  about  15  acres.  During  the  last 
few  years  very  large  additions  have  been  made  and  the  two 
new  blocks  of  five-storey  modern  factory  buildings  form  a 
conspicuous  landmark.  The  window  space  occupies  about 
50  per  cent,  of  the  area  of  the  side  walls,  steam  lieatin^  is 
installed  throughout,  and  protection  against  fi re  is  provided 
by  the  automatic  sprinkler  system  and  fire-resisting  doors. 
In  the  central  building  is  prepared  the  raw  rubber  which 
forms  the  base  of  the  manufactured  goods  produced  for  the 
insulation  and  waterproofing  of  wires  and  cables  and  for 
ebonite  articles  of  all  kinds  for  electrical  apparatus.  In  the 
building  on  the  south  side  are  constructed  the  torsion  meters, 
projectors,  railway  signalling  apparatus,  and  electrical 
instruments.  All  the  machinery  is  driven  by  elect  l  ical  i"'\、  '  r 
generated  at  the  power-house  situated  in  the  older  portion 
of  the  works.  The  steam  is  raised  by  five  Laird  gunboat 
boilers  and  two  Babcock  &  Wilcox  boilers  arranged  for  natural 
and  induced  draught.  The  generating  plant  comprises  five 
300  li.p.  steam  engines  coupled  direct  to  Siemens  continuous- 
current  shunt-wound  dynamos,  each  having  an  output  of 
1 ,500  amperes  and  120  volts,  at  350  revs,  per  minute. 

The  manufacture  of  cables  insulated  with  gutta-peroha  or 
india-rubber  forms  a  large  part  of  the  operations  of  the  com- 
pany. The  attention  of  the  visitors,  however,  was  directed 
more  especially  to  the  details  of  wireless  telegraphy  apparatus 
in  course  of  construction,  tlie  company  having  in  1910 
acquired  the  British  rights  of  the  Quenched  Spark  (Tele- 
funken)  system.  In  the  wireless  station  and  testing  room  a 
general  description  and  demonstration  of  the  system  was 
given.  In  the  aerial  only  one  wave  is  generated,  to  wbirh  tlie 
whole  of  the  energy  can  be  applied.  The  frequency  of  the 
impulses  producing  the  energy  in  tlie  aerial  being  very  hi^li, 
a  low  electrical  potential  in  the  transmitting  apparatus  卜 
necessary  and  a  comparatively  small  apparatus  may  thus  be 
used.  As  the  distance  between  the  plates  of  the  spark  gap 
is  only  '2  mm.,  only  a  very  slight  hissing  sound  is  lieard,  and 
no  special  sound-])roof  cabin  is  required.  A  '」■•)  k\v.  nav.il 
station,  the  last  of  a  set  of  five,  was  shown  under  construc- 
tion. This  is  probably  the  largest  station  installed  on  a  ship 
and  has  a  guaranteed  range  of  1,000  miles  by  day  and 
2,000  by  night.  A  representative  2  kw.  set,  as  usually  fitted  on 
vessels  of  fair  size,  was  shown,  also  i  kw.  and  ]  kw.  sets.  The 
latter,  whicli  is  supplied  to  small  vessels,  yaolits,  A-c,  is 
cxtremelv  compact,  the  whole  apparatus  heing  contained  in  a 
cabinet  4ft,  Sin.  by  2ft.  2in.  by  2ft.  2in.  It  has  a  range  of 
45  to  90  miles  by  day  and  60  to  125  miles  by  night. 

Some  time  was  spent  also  in  examining  the  details  of  the 
IIopkiiison-Tlirinor  torsion  meter  for  deterniining  the  horse- 
power transmitted  by  turbine  and  other  shafts.  Tlie  size  of 
the  instrument  varies  with  the  diameter  of  the  sliaft,  hut  for 
a  diameter  of  12in.  the  over-all  length  is  about  37i".  The 
instrument  consists  of  a  cdllar  clamped  to  the  shaft  of  which 


364 


THE    MECHANICAL  ENGINEER. 


[April  17，  1914 


the  torque  has  to  be  measured,  and  provided  with  a  flange 
projecting  at  right  angles  to  the  shaft  and  an  extension.  A 
sleeve,  provided  with  a  similar  flange  and  extension  at  one 
end,  is  clamped  at  its  further  end  on  to  the  shaft  in  such 
a  manner  that  its  flange  is  close  to  that  of  the  collar,  whilst 
its  extension  overlaps  that  of  the  collar  on  which  it  is  sup- 
ported to  keep  it  concentric.  Both  the  collar  and  the  sleeve 
are  quite  rigid,  and  when  the  shaft  is  twisted  by  the  trans- 
mission of  power  the  flange  on  the  sleeve  moves  relatively  to 
that  on  the  collar,  this  movement 
being  equal  to  that  on  the  portion 
of  shaft  on  which  the  fittings  are 
clamped.  This  movement  is  made 
visible  by  torque  mirrors  mounted 
between  the  two  flanges,  each  reflect- 
ing a  beam  of  light,  projected  from 
a  lamp,  on  to  a  scale  divided  ii 
suitable  manner  on  ground  glass. 
The  mirrors  rotate  with  the  shaft, 
but  even  at  moderate  speeds  the  re- 
flections appear  as  continuous  lines 
of  light  across  the  scale  and  there 
is  therefore  no  difficulty  in  taking 
readings. 

In  the  new  machine  shop,  wliich 
was  next  visited,  various  ingenious 
electrical  devices  were  examined. 
Among  these  was  a  tell-tale  for 
engine  revolution.  This  apparatus 
shows,  by  means  of  a  flag  indicator 
on  the  bridge  or  in  any  desired  posi- 
tion, that  the  propellors  are  in 
motion,  and  the  direction  in  which 
they  are  rotating,  a  definite  indica- 
tion being  given  for  each  revolution. 
A  demonstration  was  also  given  of 
the  company's  loud-speaking  marine 
telephones,  the  distinctive  feature  of 
which  is  that  a  very  small  current  is 
used,  thus  obviating  any  trouble 
from  the  agglomeration  of  the  car- 
bon  granules   of   the  microphone. 

A  machine  for  the  automatic  transmission  of  range-finding 
instructions  and  the  method  of  operating  the  automatic  tele- 
phone system  were  also  demonstrated. 

An  adjournment  was  afterwards  made  to  the  offices,  where 
tea  was  provided,  and  a  vote  of  thanks,  proposed  by  Mr.  F. 
Crosby-Jones  and  seconded  by  Mr.  F.  O.  Beckett,  was  accorded 
to  the  company  and  to  the  gentlemen  under  whose  guidance 
the  visit  was  made. 


iiilet  of  air  from  an  air  inlet  chamber  P,  and  the  outlet  valves 
N  controlling  the  delivery  of  air  to  the  engine  cylinders  A 
through  passages  R  in  the  walls  of  the  guide  or  pump 
chambers  H  and  ports  S  formed  in  the  walls  of  the  cylinders 
A  between  the  inner  ends  of  the  pistons  in  the  cylinders.  The 
(asiug  T  surrounding  and  carrying  each  pair  of  engine 
cylinders  is,  as  shown  in  Fig.  2,  provided  at  opposite  sides  with 
iiirliiH>(l  passages  U  through  which  and  the  guide  casings  H 
tlie  pairs  of  cross  diagonally  arranged  connecting  rods  G  pass 


^^^、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、、八^^^^ 


Fig.  3.— Ful^agar's  Two-stroke  Cycle  Oil  Engine. 

from  the  upper  crossheads  F  to  the  lower  ones  E.  In  small 
engines,  such  as  the  one  illustrated,  the  air  is  carburetted 
before  it  enters  the  air  pump  chamber,  but  in  larger  engines 
it  may  be  desirable  to  inject  the  fuel  separately  either  into  the 
centre  of  the  cylinder,  in  the  case  of  liquid  fuel,  or  through 
the  air  inlet  ports  S，  or  through  separate  suitably  controlled 
gas  ports. 


FULLAGARS  TWO-STROKE  CYCLE  OIL  ENGINE. 

The  accompanying  illustrations  show  a  design  of  2-stroke 
cycle  oil  engine,  the  invention  of  Mr.  H.  F.  Fullagar,  South 
Shore  Road,  Gateshead-on-Tyne.  The  engine  is  of  the  type 
comprising  two  units  and  embodying  an  air  pump.  In  each 
unit  of  the  engine  A  indicates  the  two  engine  cylinders  each 
open  at  both  ends  and  provided  with  the  oppositely  moving 
pistons  B  and  C  ；  D  the  crank  shaft  to  which  the  pistons  B 
are  directly  connected  by  rods  ；  E  and  F  the  crossheads 
respectively  of  the  pistons  B  and  C  ；  and  G  the  external  rods 
each  directly  connecting  the  piston  B  of  one  cylinder  to  the 
piston  C  of  the  adjacent  cylinder  through  the  corresponding 
crossheads  E  and  F.  The  upper  crossheads  F  constitute  the 
movable  member  of  a  single-acting  air  pump,  the  other 
member  of  which  is  stationary.  Each  rectangular  crosshead 
F  moves  in  a  tubular  guide  H，  closed  at  the  end  remote  from 
the  crank  shaft  by  a  cover  and  forming  an  air  pump  chamber 
whose  cross-sectional  area  may  be  twice,  or  more  times,  that 
of  the  main  piston  C  to  which  it  is  attached,  the  stroke  of 
both  being,  of  course,  the  same.  Each  crosshead  F  and  its 
guide  chamber  H  thus  forms  an  air  pump  capable  of  supply- 
ing one  engine  cylinder  A  with  the  desired  quantity  of  air, 
whilst  the  original  accurate  balance  of  the  engine  is  not  dis- 
turbed. The  air  pumps  are  provided  with  the  necessary  inlet 
and  outlet  valves  M  and  N  respectively.  These  valves  are 
automatic  spring  valves  and  are  constituted  by  rectangular 
flat  steel  blades  or  plates,  the  inlet  valves  M  controlling  the 


Management  of  Electric  Motors. ― In  a  paper  by  Mr.  E.  F. 
Butler  on  "  The  Operation  and  Maintenance  of  Electric 
Motors  ，  ，  recently  read  before  the  Junior  Institution  of 
Engineers,  the  author  pointed  out 
that  as  regards  maintenance  the 
object  was  to  run  the  plant  with  as 
few  stoppages  as  possible  and  without 
excessive  cost.  A  frequent  cause  of 
trouble  was  that  installations  were 
put  in  without  taking  account  of  the 
working  conditions  and  the  class  of 
people  by  whom  the  machinery  was 
to  be  handled.  To  get  the  best  results 
the  upkeep  of  the  plant  should  be 
considered  before  it  was  installed, 
and  the  points  to  which  special 
attention  should  be  paid  were 
suitability  to  the  requirements, 
accessibility,  the  use  of  the  smallest 
possible  number  of  different  sizes  of 
motors,  and  standardisation  in  every 
possible  way,  so  that  the  number  of 
spare  parts  and  replacements  which 
had  to  be  kept  in  stock  might  be  reduced  to  the  utmost.  In 
regard  to  the  choice  of  motors  and  their  control  gear,  the 
author  enumerated  the  constructional  features  which  should 
be  found  in  a  good  machine  and  gave  a  series  of  practical 
hints  for  remedying  faults  in  existing  installations, 
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THE  MICRO-CHEMISTRY  OF  CORROSION.^ 

Paut  IT. ― The  a- Alloys  of  ( 'oppek  and  Zinc. 

IiY  SAMUEL  WHYTE,  B.SC,  AND  CECIL  II.  DKSCH,  I). SC.,  PH.D. 

The  experiments  described  by  the  authors  in  l*ai1  I.  of  t  his 
investigation 十 were  confined  to  the  /3-solid  solutions  of  tlu1 
copper-zinc  series,  the  original  intent  ion  having  been  lu 
examine  the  alloys  of  the  Muntz  metal  class,  containing  hot  li 
the  a  and  fi  constituents.  As  the  corrosion  of  such  alloys 
begins  always  in  the  /3  areas,  it  was  thought  advisahle  t" 
investigate  the  micro-chemical  nature  of  tlie  process  in  this 
constituent  first,  before  proceeding  to  the  more  complex  case. 
This  selection  had  the  disadvantage  that  the  alloys  examined 
were  of  little  technical  importance,  and  any  results  obtained 
from  the  experiments  could  not  be  directly  employed  to 
establish  any  practical  conclusions.  In  this  second  part,  i  tie 
alloys  dealt  with  are  those  which  find  the  most  important 
technical  applications. 

The  use  of  an  external  electromotive  force  for  the  ]>ur}Kise 
of  hastening  corrosion  undoubtedly  introduces  a  factor  which 
is  not  present  in  the  ordinary  conditions  of  unassisted  clicniical 
corrosion,  but  is  unavoidable  for  the  particular  purpose  wliich 
the  authors  have  in  view.  Chemical  corrosion  is  too  slow 
and  too  irregular,  too  easily  affected  by  accidental  and  uncon- 
trollable changes  in  the  conditions,  to  lend  itself  to  investiga- 
tion on  the  small  scale  in  the  laboratory  for  the  purpose  of 
obtaining  quantitative  data.  Chemical  corrosion  is  thus 
more  satisfactorily  studied  by  means  of  experiments  on  the 
large  scale,  continued  over  long  periods,  as  in  the  elaborate 
series  now  in  progress  under  the  auspices  of  the  Corrosion 
Committee  of  this  Institute. 

Nevertheless,  it  appears  that  experiments  on  a  small  scale 
m ay  throw  some  light  on  the  mechanism  of  corrosion,  even 
when  ft  takes  place  under  conditions  excluding  the  presence 
of  an  external  electromotive  force.  The  comparison  of 
laboratory  experiments  with  observations  of  corroded  speci- 
mens of  copper-zinc  alloys  from  works  and  shipyards  has 
convinced  the  authors  that  all  corrosion  of  these  alloys  is 
preceded  by  dezincification,  but  that  where  the  action  pro- 
ceeds slowly  and  there  is  free  access  of  gaseous  or  dissolved 
oxygen,  the  spongy  residue  of  copper  may  be  converted  into 
oxide  as  fast  as  it  is  formed.  This,  it  is  believed,  is  the  origin 
of  the  adherent  layer  of  copper  oxide  which  is  often  found 
on  the  corroded  surface  of  brass.  The  evidence  for  this  view 
is  given  in  the  present  paper. 

The  method  of  experiment  employed  was  modified  slightly 
in  order  to  ensure  greater  accuracy,  but  was  in  all  essential:- 
the  same  as  that  described  in  the  first«  paper.  The  cathode, 
instead  of  being  a  loop  of  platinum  wire,  was  made  of  fine 
platinum  gauze,  1  cm.  square,  having  a  vertical  platinum 
wire  welded  to  it  for  the  purpose  of  attachment  to  a  support. 
The  Classen  stand  for  electrolytic  analysis  was  found  to  be 
most  convenient  for  holding  the  cathode  in  place,  the  distance 
between  the  surface  of  the  specimen  and  the  cathode  being 
adjusted  by  interposing  a  sheet  of  plate-glass  5  mm.  thick, 
and  bringing  the  cathode  gauze  into  contact  with  it  and  then 
withdrawing  the  glass. 

The  analytical  methods  were  the  same  as  those  described 
previously.  Lead,  which  was  not  included  in  the  earlier 
experiments,  was  ^ removed  from  solution  by  electrolysis  with 
a  small  platinum  gauze  anode,  on  whicli  the  lead  was 
deposited  as  peroxide.  This  was  then  dissolved  in  a  little 
nitric  acid,  evaporated  to  dryness,  and  dissolved  in  water. 
On  the  addition  of  0*5  cub.  cm.  of  a  solution  of  hydrogen 
sulphide  a  yellow  colouration  was  produced,  which  was  com- 
pared in  an  Eggertz  tube  with  that  given  under  the  same 
conditions  by  a  standard  solution  of  lead  nitrate.  No  s]>ecial 
difficulties  were  encountered  in  the  course  of  the  analytical 
work. 

Record  of  Experiments. ― In  this  series  of  experiments  four 
alloys  were  used,  one  of  which  was  examined  in  the  annealed 
and  also  in  the  imaiinealed  condition.  The  analyses  are 
given  in  Table  T.  The  figures  in  the  last  two  columns  o-ive 
the  composition  of  the  equivalent  copper-zinc  allovs,  deter- 
mined by  Guillet's  method,  tlie  coefficients  of  equivalence  of 
tin  and  lead  being  taken  as  2  and  1  respectively. 

*  Pupei-  read  bcfoi-e  the  Institute  of  Metals.  March  ] 8tli ,  19】4. 
t  **  Journal  of  the  Institute  of  Metals,"  No.  、！,  1913,  Vol.  X.,  page  303. 
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The  "  fictitious  values  "  for  zinc  and  copper  represent  the 
composition  of  the  pure  copper-zinc  alloy  whicli  would  (corre- 
spond most  closely  with  the  actual  ternary  alloy.  I  n  t  lie  first 
series  of  experiments  the  application  of  the  current  was 
continued  for  5  mins.,  the  products  being  analysed  imm''- 
d lately  afterwards.  Alloys  I.  and  II.  contain  copper  and  ziiu- 
only,  I.  being  unannealed  and  II.  annealed  at  800°  C.  for 
2  hours,  whilst  III.  contains  tin  and  IV.  and  V.  conl  ;nn 
lead.  The  results  of  these  tests  are  shown  in  Tables  II. ，  I  1 1  . 
and  IV.  By  "  precipitate  "  is'  meant  the  flocculent  precipit  tt c 
of  basic  salts  which  appears  in  the  electrolyte,  and  is  readily 
separated  from  the  specimen,  whilst  "  adherent  layer  ',  denotes 
the  metallic  deposit  which  was  mixed  with  zinc  oxychloricle 
in  the  cases  of  Alloys  I.,  II. ，  IV.,  and  V.,  and  with  tin  oxy- 
chloricle in  the  cases  of  Alloy  III.  This  deposit  could  not 
he  flaked  off  as  with  the  "  ，，  alloys,  this  being  probably  due 
to  the  increased  amount  of  basic  salts  whicli  seemed  to  be 

T A.BLE  II. — Corn jtosit ton  "f  I* n<'i pitni e . 
Time,  5  minutes. 
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TABLE  IV. —— Total  Wthjht  nf  Corrosion  /'/',,/〃,'/• 
Time,  5  miiuites. 

2*(i2  un  1  2-71  ，i、illiw.imni'、s. 

2-  65  "  2-40  ,, 
4- 03     ,,  4- 14  ，• 

3-  44  ,,  3' 30  •， 
2-30    ，，  2-28  ,, 

intimately  mixed  with  the  coppery  deposit  from  the  surface 
to  its  junction  with  the  brass  beneath.  If  these  basic  salts 
were  removed  by  a  very  dilute  solution  of  liydrochloric  acid 
(one  drop  in  30  cub.  cm.  of  water)  there  remained  an  adherent 
layer  of  coppery  crystals.  This  layer  was  much  more  difficult 
to  detach  from  the  brass  than  that  which  was  produced  in 
tlie  corrosion  of  the  ft  alloys,  but,  as  in  the  former  experi- 
ments, a  perfectly  sliarp  bouiularv  between  the  brass  and  t  lie 
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dezincified  layer  was  always  present.  In  the  second  series  of 
experiments  100  cub.  cm.  of  the  electrolyte  were  allowed  to 
flow  over  the  surface  during  a  period  of  60  mins.  (Tables  V., 
VI.,  and  VII.)  The  total  weight  of  the  corrosion  product, 
including  both  the  precipitate  and  the  adherent  layer,  is 
given  in  Tables  IV.  (5  ―  min.  tests)  and  VII.  (60-min.  tests). 

Microscopical  Observations. ― The  Alloy  I.，  containing  copper 
and  zinc  only,  had  a  very  distinctly  cored  structure  when 
examined  in  the  cast  condition,  the  appearance  under  the 
microscope  being  characteristic  of  an  a- solid  solution  in  a 
state  of  imperfect  equilibrium.  Annealing  for  2  hours  ot 
800°  rendered  the  alloy  perfectly  homogeneous.  A  specimen 
was  also  examined  in  this  state,  and  appears  in  the  tables  as 
Alloy  II.  Alloy  IIL，  containing  tin  (1*08  per  cent.),  was  also 
heterogeneous  in  the  cast  condition,  showing  distinct  segrega- 
tion of  the  copper-tin  constituent  at  the  boundaries  of  the 
crystals.  This  constituent  disappeared  on  annealing,  and 
this  and  the  remaining  alloys  were  only  employed  for  the 
corrosion  tests  in  the  annealed  condition.  Alloy  IV.  did  not 
become  completely  homogeneous  on    annealing,  but  small 


salts,  which  adhered  very  firmly,  and,  having  a  dull  surface 
with  low  reflecting  power,  made  it  difficult  to  obtain  satis- 
factory photographs.  Momentary  immersion  in  very  dilute 
hydrochloric  acid  removed  the  greater  part  of  the  oxychloride, 
exposing  the  coppery  layer,  which  was  invariably  made  up  of 
small  crystals,  mainly  exhibiting  octahedral  angles.  In  the 
long-period  tests  etch-figures  were  conspicuously  developed, 
cubic  forms  being  frequently  observed.  Fig.  1，  taken  from 
Alloy  L，  shows  this  effect,  the  cubic  angles  being  well  seen 
surrounding  a  rather  deep  etching-pit  on  the  left.  Fig.  2， 
taken  from  Alloy  IIL，  shows  the  general  appearance  of  the 
surface  after  detaching  the  film  of  copper.  The  crystal 
boundaries  have  been  revealed  by  the  corrosion,  and  the 
difference  of  orientation  in  neighbouring  grains  is  perceptible, 
but  is  somewhat  less  conspicuous  than  in  the  (S  alloys  under 
similar  conditions.  The  black  area  in  this  photograph  repre- 
sents a  firmly  adherent  layer  of  oxychlorides,  covering  one  or 
more  crystal  grains.  The  cored  structure  of  the  unannealed 
specimen,  Alloy  I.，  was  strongly  developed  during  corrosion, 
finally  leaving  ridges  in  high  relief,  whilst  the  annealed  alloys 
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Fig.  1. ― Alloy  I.   1-hour  Test.  Etch  Figubes. 
Magnified  200  diameters. 


Fig.  2.— Alloy  III.   Coppi.ry  Layer  Bemovkd. 

M  \(iNIFIED  45  DIAMETJCHS. 
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3.— Alloy  V.   Etch  Figures.  Magnified 

200  DIAMETERS. 


Brass. 


Copper. 


Fig.  4.— Section  op  Corroded  Condenser 
Tube.    Magnified  20  diameters. 


Fig.  5.— Corrosion  Alonh  Boundaries  and 
Twinning  Planks.    Magnified  160  diameters. 


Fig.  6. ― Artificial  Corrosion  of  Condenser 
Tube.   Magnified  30  diameters. 


isolated  areas  of  lead  remained  undissolved  here  and  there, 
whilst  Alloy  V.，  with  twice  the  quantity  of  lead,  showed 
well-defined  bands  of  segregated  lead  at  the  boundaries  of 
many  of  the  crystals . 

The  behaviour  of  the  alloys  on  corrosion  was  characteristic, 
and  strikingly  different  from  that  of  the  (3  alloys.    This  was 

Table  V. — Composition  of  Precipitate. 
Time,  60  minutes. 


Table  VI. ― Co /// posif/fm  of  Adherent  h<t)j<r. 
Time,  60  mintues. 
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specially  noticeable  in  regard  to  the  film  of  copper  left  after 
dezincification,    This  was  always  intimately  mixed  with  basic 


Table  VII. —— Total  ]Y ci<jht  of  Corrosion  Product. 
Time,  60  minutes. 

Alloy    1                        21*95  and  21-65  milligrammes. 

，， II                        20-87     ，，  20-63  ，， 

，， III                        22-95     ，，  23-62  ,， 

，， IV.                         19-86     ，，  19*49  ，， 

，， V.                         14-75     ，，  14-19  ,， 

corroded  very  uniformly.  The  effect  of  lead  was  remarkable. 
On  clearing  off  the  adherent  layer  from  Alloys  IV，  and  V, 
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each  isolated  mass  of  lead  was  seen  to  be  surrounded  by  a 
ring  of  copper.  Octahedral  etch-figures  were  si  r()ii。  iy 
developed,  as  is  shown  in  Fig.  3. 

The  Relation  Between  Natural  and  Electrically  Stimulated  Cor- 
rosion.— An  opportunity  of  comparing  the  effects  produced  b) 
the  application  of  an  external  electromotive  force  to  an  a  brass 
in  contact  with  salt  solution  with  those  observed  in  the  cor- 
rosion of  a  similar  brass  under  conditions  of  service  was 
afforded  by  the  examination  of  some  condenser  tubes.  These 
tubes  had  been  taken  from  a  vessel  on  the  Manchester  Ship 
Canal,  and  exhibited  in  parts,  especially  near  to  the  inlet  enci, 
very  considerable  deziiicification,  extending  over  the  whole 
internal  surface  of  the  tube,  but  penetrating  completely 
through  the  tube  along  a  horizontal  strip,  occupying  about 
one-quarter  of  the  circumference,  and  forming  the  bottom  of 
the  tube.  Along  this  strip  the  zinc  had  been  completely 
removed,  a  transverse  section  showing  nothing  but  somewhat 
spongy  copper.  The  upper  p'art  of  the  tube,  in  the  same 
section  of  its  length,  was  dezincified  to  a  small  depth,  becoming 
deeper  in  the  lower  part,  and  merging  into  the  completely 
dezincified  area. 

A  transverse  section  of  one  of  the  typically  corroded  por- 
tions was  prepared,  the  tube  being  previously  filled  with 
fusible  metal,  in  order  to  prevent  any  cracking  or  separation 
of  the  coppery  layer  during  sawing.  Fig.  4  is  a  section  of  a 
part  of  the  tube  where  dezincification  has  extended  half-way 
through  the  thickness  of  the  metal.  The  section  has  been 
slightly  heat-tinted,  so  as  to  darken  the  copper,  leaving  the 
uncorroded  brass  quite  bright.  The  boundary  between  the 
two  is  irregular,  but  perfectly  sharp. 

Further  insight  into  the  mechanism  of  the  process  is 
afforded  by  an  examination  under  a  higher  magnification, 
after  etching  with  ammonia.  Fig.  5  shows  an  area  at  the 
boundary  of  the  corroded  and  the  unchanged  portions  after 
being  treated  in  this  way.  The  light  constituent  visible  at 
the  circumference  of  the  circle  is  porous  copper,  whilst  the 
greater  part  of  the  area  is  a  brass.  Dezincification  has  pro- 
ceeded, as  usual,  along  the  boundary  of  the  crystal  grain. 
As  usual  in  annealed  brasses,  the  a  constituent  shows  repeated 
twinning,  and  it  is  interesting  to  observe  that  dezincification 
has  invaded  the  mass  of  the  crystal  grain  along  a  twinning 
plane.  This  behaviour  is  characteristic  of  the  a  brasses,  and 
is  observed  throughout  in  this  and  similar  specimens,  whether 
corroded  naturally  or  under  the  influence  of  an  applied 
electromotive  force.  It  indicates  an  electrochemical  difference 
at  a  twinning  plane,  an  effect  which,  although  not  often 
observed,  is  to  be  expected  on  theoretical  grounds. 

The  attempt  was  next  made  to  reproduce  this  corroded 
structure  by  using  an  applied  electromotive  force.  A  clean, 
uncorroded  piece  of  the  same  tube  was  taken,  cut  to  a  length 
of  2  cm.,  and  formed  into  a  cell,  containing  the  same  electro- 
lyte (5  per  cent,  sodium  chloride  solution)  as  that  used 
throughout  the  experiments.  The  tube  was  the  anode  and  a 
platinum  wire  was  the  cathode.  After  remaining  connected 
with  the  cells  for  24  hours  the  section  of  tube  was  washed, 
filled  with  fusible  metal,  sawn  through,  and  polished.  De- 
zincification was  found  to  have  taken  place  to  a  considerable 
depth .  Thei  effect  is  shown  in  Fig.  6,  the  structure  having 
been  developed  by  heat-tinting.  As  before,  the  boundary 
between  spongy  copper  and  brass  is  a  very  sharp  one,  and  is 
found,  on  examination  under  a  higher  magnification,  to  follow 
the  outline  of  the  crystal  grains,  penetrating  into  them  along 
the  twinning  planes.  There  is  thus  complete  identity  between 
the  corroded  structure  which  was  produced  under  working 
conditions  in  contact  with  the  water  of  the  Manchester  Ship 
Canal  and  that  obtained  artificially,  using  salt  solution  ami 
an  external  electromotive  force. 

The  composition  of  the  condenser  tube  was  somewhat 
unusual,  the  proportion  of  zinc  being  considerably  below  that 
of  a  normal  70  : 30  brass.  Several  concordant  analyses  gave 
as  the  composition  ：  ~~ - 

Per  cent. 

Copper    72*72 

Zinc    27-04 

Iron    015 

Lead    009 


100*00 

There  is  no  reason  to  suppose  that  this  difference  in  the  per- 


centage of  zinc  makes  any  appreciable  di (Fere nee  in  tlie  process 
of  corrosion. 

Discussion  of  Results. ― Tli,*  \<a  ； il  ('"t<'m'"i  of  tl":  ；;  Hoy,  i} 
as  might  be  expected,  much  less  than  that  of  the  fi  alloys 
under  the  same  conditions.  A  relatively  much  larger  pro 
portion  of  copper  is  also  removed  in  solution,  that  is,  there  is 
】ess  preferential  removal  of  zinc  than  in  the  case  of  the  (3 
alloys.  Tliis  also  is  in  accordance  with  expectations,  tlie 
a-solid  solution  having  less  tendency  to  lose  zinc  tlian  tlie 
more  concentrated  (3  solution. 

There  is  very  little  did'erence  l)ct  wren  the  r('、i:、tmg  powers 
of  the  uriannealed  and  annealed  alloys  of  copper  and  zinc  (I. 
and  II.),  but  sucli  small  differences  as  occur  are  uniformly  in 
the  direction  of  lessened  corrosion  after  annealing.  Of  the 
remaining  alloys,  the  greatest  amount  of  corrosion  is  given  by 
that  containing  tin,  and  the  least  by  that  containing  2  per 
cent,  of  lead. 

It  must  be  repeated  that  this  method  determines  only  the 
initial  stages  of  the  process  of  corrosion,  and  the  results  must 
be  interpreted  from  this  point  of  view.  The  physical  charac- 
ter of  the  process  is  as  important  as  its  chemical  nature, 
since  the  physical  properties  of  the  deposit  formed  on  the 
surface  of  tlie  metal  determine  whether  subsequent  corrosion 
will  proceed  with  constant  or  accelerated  velocity,  or  will  be 
gradually  brought  to  a  standstill. 

Taking  Alloy  II.  as  a  standard  of  comparison,  it  is  seen 
that  Alloy  I.，  the  structure  of  which  is  less  homogeneous 
owing  to  the  presence  of  cores,  corrodes  to  a  slightly  greater 
extent,  the  removal  of  zinc  taking  place  principally  at  the 
periphery  of  the  crystallites.  Dezincification  proceeds  here  to 
a  greater  extent,  but  there  is  no  important  difference  in  the 
physical  properties  of  the  adherent  layer  in  the  two  cases. 

Alloy  III.,  containing  tin,  is  corroded  much  more  rapiWl v 
at  first  than  Alloy  II.  In  the  5-min.  tests  this  difference 
is  very  marked,  but  it  becomes  less  in  the  60-min.  tests,  and 
there  is  little  doubt  that  it  would  disappear  and  even  b(' 
reversed  in  tests  continued  over  longer  periods.  This  is  due 
to  the  formation  of  a  remarkably  tough  layer  of  basic  salts. 
Dezincification  proceeds  far,  but  the  coppery  layer,  instead  of 
being  easily  detachable,  is  firmly  cemented  to  a  compact  mass 
by  basic  salts,  the  tin  being  retained  in  this  deposit.  Such  a 
layer  must  offer  a  considerable  obstacle  to  further  corrosion. 
This  effect  was  also  observed  in  the  experiments  with  /3  alloys. 

Alloy  IV.,  containing  1  per  cent,  of  lead,  also  shows 
dezincification,  but  the  adherent  layer,  unlike  that  of  the  tin 
alloy,  is  loose  and  open  in  texture.  It  is  therefore  not  sur- 
prising that  the  total  corrosion  is  not  lessened  appreciably  ； 
in  fact,  the  5-min.  tests  show  an  increase. 

Alloy  V.,  containing  2  per  cent,  of  lead,  is  dezincified 
locally,  the  areas  of  free  lead  becoming  surrounded  by  a  zone 
of  copper,  which  gradually  extends  over  the  entire  surface  as 
the  process  is  continued.  The  coppery  layer  is  very  firmly 
adherent.  In  its"  upper  portions  it  is  cemented  by  basic  salts, 
but  a  layer  of  copper,  containing  comparatively  little  zinc, 
intervenes  between  this  varnish-like  layer  and  the  unchanged 
metal.  The  total  corrosion  is  less  than  that  of  any  of  the 
other  alloys,  and  the  advantage  becomes  more  pronounced  as 
the  time  of  testing  is  extended,  being  greater  in  the  60-min. 
than  in  the  5-min .  tests. 

The  experiments  have  confirmed  the  authors  in  their 
opinion  that  there  is  no  essential  difference  between  the  pro- 
cesses of  electrically  stimulated  and  natural  corrosion,  and 
that  consequently  the  method  that  they  have  described  may 
be  employed  for  the  purpose  of  determining  the  probable 
order  of  resistance  of  alloys  to  corrosion.  The  results  now 
presented  are  in  good  agreement  with  the  conclusions  of  Dr. 
Bengougli's  report  as  to  the  suitability  of  different  alloys  of 
the  a  series.  It  is  uext  proposed  to  examine  the  influence  of 
other  added  metals  on  the  a  alloys,  and  also  the  behaviour  of 
the  a,  (3,  or  Muntz  metal  alloys. 


Institute  of  Metals  ：  Birmingham  Section.  At  a  met'tini:  oi  tlu» 
Birmingham  Section  of  the  Institute  of  Metals,  under  the 
presidency  of  Prof.  Turner,  a  paper  by  Messrs.  Shepherd  and 
Alerrick  on  "  Non-ferrous  Metals  "  was  read.  The  defects 
shown  in  numerous  arrays  of  samples  were  explained.  There 
were  upwards  of  40  different  samples,  ranging  from  a  copper 
billet  containing  blowholes  to  naval  brass  condenser  tubes 
designed  to  meet  Admiralty  mechanical  tests. 
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BLASTFURNACE  GAS  CLEANING  PLANT. 

In  the  course  of  a  paper  on  the  cleaning  of  blastfurnace 
gas  read  by  Mr.  A.  N.  Diehl  at  the  February  meeting  of  the 
American  Institute  of  Mining  Engineers,  a  brief  a bstract  of 
which  was  given  in  our  issue  of  April  3rd  (see  page  316  ante), 
the  author  discussed  the  method  of  handling  the  flue  dust 
problem  at  the  Duquesne  works  of  the  Carnegie  Steel  Com- 
pany as  follows  ： ― 

The  amount  of  moisture  in  the  raw  gas  varies  with  the 
water  in  the  stock.  The  use  of  Mesabi  ore  has  made  the 
addition  of  water  a  necessity  in  most  harcl-driven  furnaces  in 
order  to  prevent  dust  being  blown  over,  and  this  water,  of 
course,  is  evaporated  and  carried  by  the  gas.      Per  pound  of 


General  Auuangkmknt  of  Gas  Cleaning  Plant. 

dry  fuel  gas  consumed,  clean  gas  with  moisture  saturated  at 
70。  Fah.  gives  an  available  heat  of  79*51  per  cent,  if  the  pro- 
ducts of  combustion  are  cooled  to  600°  Fah.  Raw  gas  at 
400°  and  35  grains  moisture  has  an  available  heat  of  77'03  per 
cent.  Partly-washed  and  cooled  gas  at  125°  Fah.  gives  an 
available  heat  supply  of  74.33  per  cent.  From  a  calculated 
thermal  standpoint,  we  conclude  that  waslied  gas  cooled  to 
70°  Fah.  gives  the  largest  percentage  of  available  heat.  This 
is  followed  by  hot  unwashed  gas  under  furnace-top  conditions 
carrying  35  grains  moisture.  The  lowest  percentage  of  avail- 
able heat  exists  for  washed  gas  cooled  to  125°.  It  is  interest- 
ing to  note  that  thermal  equilibrium  between  raw  unwashed 
gas  and  washed  gas  approximates  a  temperature  midway 
between  70°  and  125°. 

The  solids  contained  in  the  gas  consist  of  the  mechanically 
carried  particles  of  varying  degrees  of  fineness  and  a  volatile 
substance  which  is  carried  as  a  gas  and  finally 
deposited,  or  which  may  pass  through  the 
entire  system.  The  gas  from  the  furnace 
should  deposit  the  heavier  material  of  the  flue 
dust  in  the  dust  catcher  and  pockets,  and  only 
the  lighter  material  should  pass  to  the  scrub- 
l»ers.  In  order  to  determine  if  this  is  true, 
we  took  samples  of  the  dust  from  the  dust 
'； il  her  at  the  Duquesne  plant  and  also  samples 
of  the  sludges  from  the  settling  basins.  We 
first  endeavoured  to  sieve  the  material,  after 
drying,  but  with  no  success,  and  then  waslied 
it  through  screens,  weighing  that  wh  ich  re- 
mained. The  screens  ran  up  to  300-mesh,  and 
the  tests  show  that  92  to  95  per  cent,  of  the 
sludge  from  the  basin  passed  through  the  300-inesb  screen. 
This  material  is  also  the  richest  in  metallic  yield,  showing 
41  per  cent.  iron.  It  is  noticeable  that  only  about  18  per 
cent,  of  the  fine  dust  remained  in  the  dust  catcher.  This  may 
have  been  carried  down  in  contact  with  larger  particles  ； 
that  is,  the  fine  particles  would  stick  on  the  larger  ones,  but 
would  be  separated  by  water.  Very  interesting  data  would 
be  revealed  if  ore  were  wet  sieved  instead  of  dry  sieved  ；  a 
more  uniform  and  more  accurate  representation  of  the  actual 
physical  condition  would  then  be  had.  An  ore  which  we 
sieved  dry  ran  9  per  cent,  through  100- mesh,  and  the  same 
sample  ran  24  per  cent,  through  100-mesh  when  wet  sieved. 

Bearing  in  mind  the  finely  divided  condition  of  tlie  dust, 
as  shown  in  the  sieve  tests^  it  will  be  interesting  to  note  the 


rate  of  settling  of  this  material.  We  have  a  double  settling 
l)asin.  The  water  passes  from  the  collecting  sewer  beneath 
the  scrubbers  and  flows  into  one  section,  filling  it  with  dirt. 
The  dirty  water  is  then  diverted  to  the  other  section,  and  the 
first  cleaned  by  means  of  a  grab  bucket,  the  material  bein^ 
loaded  into  cars.  There  are  six  partitions,  or  baffles,  whicli 
tend  to  hold  back  the  dirt  and  aid  in  settling  it.  Each 
division  of  the  basin  is  161ft.  long  and  26ft.  wide,  the  water 
(lowing  over  a  weir  at  the  end.  The  capacity  is  500  tons  of 
wet  dirt.  Each  side  of  the  settling  basin  holds  197,920  galls, 
of  water  when  clear  of  dirt.  The  dirty  water  was  allowed  to 
flow  through  for  a  day  ；  then,  from  a  platform  erected  over 
the  first  compartment,  samples  were  taken  at  various  dept lis. 
A  brass  tube  fitted  with  a  rubber  stopper  and  a  rod  was  used 
to  obtain  the  samples.  The  closed  tube  was  lowered  to  the 
desired  depth,  the  bottom  opened  and  the  water  allowed  to 
flow  in.  The  stopper  was  then  drawn  into  place  and  the 
samples  put  in  a  jar  for  weighing  and  measuring. 

The  sludge  in  the  settling  basin  is  of  the  consistency  of 
a  thick  jelly  and  filters  with  almost  the  same  rapidity.  In 
this  condition  it  is  extremely  difficult  to  handle.  We  allow 
the  basin  to  drain  as  much  as  possible,  then  remove  the  sludge 
with  a  grab  bucket,  and  load  into  cars.  These  cars  must  be 
caulked  water  tight  to  hold  the  material.  If  the  niaterial 
would  drain  easily  most  of  the  trouble  would  be  obviated,  and 
tests  were  made  to  locate  the  difficulty.  A  flume  was  first 
constructed  to  carry  the  water  from  one  scrubber  and  with 
sufficient  fall  to  create  fairly  rapid  flow.  Constrictions  were 
built  hi  the  flume  so  as  to  speed  up  the  water  at  different 
points  to  carry  the  lighter  material  forward.  By  this  sclienie 
we  succeeded  in  making  a  rough  separation,  and  obtained  a 
fine  but  granular  product  from  whicli  the  water  drained 
easily.  The  trough  was  widened  out  somewhat  at  the  end 
and  the  speed  of  flow  decreased.  This  gave  us  the  same  pro- 
duct we  had  to  deal  with  in  the  basins,  as  a  lot  of  fine  material 
was  deposited.  In  order  to  determine  a  settling  standard  for 
comparison,  we  took  some  Group- 3  ore,  a  standard  Mesabi,  and 
wet  sieved  it  through  the  various  screens  up  to  300-niesh. 
These  different  screenings  were  put  into  similar  bottles  filled 
with  water  and  shaken  up.  The  material  whicli  passed 
t  hrough  the  200-mesh  sieve  took  14  seconds  to  settle  ；  that 
which  passed  through  the  300-mesh  required  several  hours. 
A  scum  of  fine,  light  material,  principally  coke  dust,  extremely 
gelatinous,  forms  on  top  of  the  basins  and  afterward  sinks. 
Mixing  a  small  quantity  of  this  material  with  the  coarse  dirt 
M'hich  previously  filtered  freely,  at  once  prevents  all  filtration. 
It  is  reasonable  to  suppose  that  a  lot  of  the  dirt  could  easily 
be  handled  if  this  slime  were  eliminated.  We  are  at  present 
experimenting  with  various  means  to  make  this  separation 
and  expect  to  do  away  with  many  of  the  difficulties  in 
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Fig -  '2.— CounsK  of  the  Gas  thuough  the  Clkamng  l'ltocKss. 

hauclliiig  this  material  and  also  recover  a  good  product  l'o r 
sintering  or  charging  back . 

An  attempt  was  made  to  arrive  at  a  correct  figure  for  dirt 
in  the  gas  entering  the  scrubbers,  and  it  was  decided  that 
500  cubic  centimetre  samples  of  water  should  be  taken  at 
intervals  from  the  overflow  water  of  the  scrubber  and  collected 
in  a  carboy.  The  water  was  afterwards  filtered.  In  this 
maimer,  and  over  a  period  of  19  days,  samples  consisting  of 
2,0001bs.  each  were  taken.  From  weir  readings  on  the 
settling-basin  overflow,  we  determined  the  quantity  of  water 
for  the  period,  and  by  means  of  recording  meters  and  Pitot- 
tube  readings  we  determined  tlie  gas  volume  ])assiu^  1  liroui^h 
1  lie  scrul)l)ers,  a n d ,  t  lierefore,  (k'tefiniued  t  lie  ； u*tu;i I  (JiiL 
represented  in  6,240  cub.  ft.  of  yas,  wliicli  was  2'6  grains  per 
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It  was  then  decided  to  reverse  the  scbeme  of  having  gas 
( lie  doriiinal in^  clcniciM  aiifl  put  in  tl"'  water  in  >w\i  maim'-r 
as  to  change  t he  direction  of  the  gas  in  its  upward  '  (""  、'•  ； m'l 
at  the  same  time  spray  it  repeatedly.  This  was  (loi"'  l>v 
in je<rling  the  water  tlirough  a  valve  liavin^  a  "umber  of 
openings  and  a  core  moving  therein.  TIuh  core  successively 
blocks  off  the  openings  to  the  difTerent  nozzles,  and  tli'  i'  l'. 
temporarily  stops  the  flow  of  water,  causing  an  area  of  low 
pressure  direct  ly  above  the  nozzle.  When  the  core  lias 
passed,  the  water  resumes  and  sprays  through  th<*  ^as  wliirh 
lias  flowed  to  this  point,  driving  it  to  the  nfxt  noz/.lc,  wlicr** 
the  same  process  is  repeated .  The  core  is  revolved  electrically, 
a  5  h.p.  inotor  being  ample  for  the  four  valves  on  two 
scrubbers.  The  gas  rises  through  the  scruhher  at  t lif  ratf  ol' 
4ft.  per  second  and  the  water  at  60ft.  per  second  with  a  head 
of  351bs.  main  pressure.  A  second  valve  is  placed  in  the 
scrubber  just  above  the  range  of  the  lower  one  and  operates 
in  the  same  manner.  Screens  are  placed  above  the  nozzle  to 
break  the  water  up  into  fine  drops  so  as  to  bring  the  gas  aiul 
water  into  intimate  contact.  It  is  evident  that  the  gas  will 
be  repeatedly  sprayed  as  it  travels  in  an  upward  spiral  mm  ' 
until  it  lias  passed  the  range  of  the  water.  Fifteen  revolu- 
tions per  minute  is  found  to  be  about  the  right  speed  for  1  1m- 
core.    Fig.  4  is  a  section  through  the  scrubhfrs. 

The  gas  is  cooled  clown  very  effectually,  numerous  readings 
showing  only  5°  to  6°  above  the  temperature  of  the  ingoing 
water.  An  average  moisture  test  shows  05  grain  above  tlie 
saturation  point  at  the  temperature  of  the  outgoing  gas. 
These  tests  were  taken  on  the  outlet  pipe  of  the  scrul 山 （r 
and  were  made  with  the  Brady  apparat  us  ； m(l  also  witli  t  lie 
Brown  apparatus.  The  difference  in  temperature  between 
the  gas  and  water  can  be  increased  or  decreased,  depending  on 
the  quantity  of  gas  passing  through  the  scrubbers.  We  ha vc 
found  that  between  25,000  cub.  ft.  and  30,000  cub.  ft.  can  1'*' 
passed  through  our  12ft.  scrubbers.  The  moisture  content  of 
the  gas  increases  very  rapidly  above  90°  Fall.,  and  we  aim 
keep  under  this  as  much  as  possible.  The  moisture,  if  not 
controlled  within  limits,  will  lower  the  stove  efficiency  to  such 
an  extent  as  to  make  cleaning  prohibitive. 

The  water  is  taken  from  the  service  mains  and  is  chai  _'»  .| 
at  the  regular  water  rate.      This  condition  is  difTt'rent  in 


in  the  latter  case.  The  former  is  the  harder  to  remove,  and 
almost  invariably  if  the  dirt  on  the  filter  capsule  in  the  testing 
apparatus  is  light  in  colour,  the  gas  is  dirtier  than  if  red. 
Gas  after  final  cleaning  still  retains  some  of  the  whitish  fume. 
Tliis  material  is  deposited  in  the  bottom  of  the  stoves,  in  the 
stacks,  and  on  the  boiler  settings.  In  places  where  the  gas 
has  only  been  rough  cleaned  the  colour  is  a  pinkish  white, 
without  grit  and  with  a  feeling  similar  to  talcum  powder. 
The  stacks  at  all  times  show  this  white  fume,  and  a  deternii na- 
tion was  made  to  see  how  much  of  the  dust  left  in  the  gas  at 
the  scrubbers  passed  through  the  entire  system  without 
depositing.  It  indicated  that  27'5  per  cent,  of  the  dirt  shown 
in  the  scrubber  analysis  passes  through  the  entire  system. 

The  system  of  cleaning  gas  at  the  Duquesne  blastfurnaces 
consists  at  present  of  scrubbers,  fans,  and  Theisen  washers. 
This  installation  was  first  designed  for  the  purpose  of  cleaning 
gas  lor  six  3,600  h.p.  gas  engines,  four  sets  of  s">v('s,  and 
1 ,500  boiler  horse-power.  At  the  time  of  its  installation  ii 
was  the  largest  in  the  country  and  very  little  relialtlc  dat ;i 
could  then  be  collected  on  the  subject.  Nine  towers,  lour 
i'ans,  and  four  Theisen  washers  were  erected .  After  operating 
a  while,  niuiierous  changes  became  necessary.  We  t'ouiul  that 
four  scrubbers,  two  fans,  and  two  Theisens  were  sufficieril  for 
the  demands.  The  plant  is  shown  in  the  ilkist rai ions  as 
at  present. 

We  first  started  with  scrubbers  having  a  rotating  nozzle 
at  the  top,  the  water  to  form  a  rain  and  thus  come  in  cont  ； ict 
with  the  gas  and  clean  as  well  as  cool  it,  in  this  manner.  T 1 1 v 
gas  channeled  under  these  conditions  ；  t he  pressure  over  t lie 
scrubber  area  was  constant,  but  the  ascending  gas  (  i，hiin'i, 
due  to  velocity  head,  deflected  the  water.  This  was  sltown 
clearly  by  repeated  tests,  using  a  pipe  with  a  funnel  on  o\\v 
end  and  a  standard  pail  outside,  the  time  required  to  fill  the 
bucket  being  taken.  After  the  bucket  was  full,  the  pipe  was 
withdrawn  4in.  and  ilie  filling  timed  once  more.  In  this 
way  we  tested  across  the  scrubber.  Distinct  (ii  v  areas  were 
Inund,  irrespective  of  all  possible  regulation  of  water  ； md 
deflecting  appafatus. 


- Fig.  4.— Section  tu bough  Schubbkiis.  showim;  Aitauatus  fuh  I^umauv 

Cleaning. 

plants  where  waste  water  is  used.  The  Duquesne  plant  con- 
struction is  such  as  to  deliver  our  bosh  cooling  water  to  mill 
condensers  aiu!  water-jnuification  plants.  Al)out  S|.~>  ^alN. 
of  water  are  used  per  minute  per  srrubher.  All  、、'；"<"'  Hows 
over  a  weir,  so  that  the  quantities  are  accurately  detonniiicd, 


cuhic  foot .  Tli('  s;imi>liii^  was  done  under  normal  (>|"'raim' 乂 
coiidit  ions. 

This  dust  consists  ol'  ore,  coke  dust ,  and  liincsione  dusl , 
l)esi<le  organic  acids  and  conipounds  which  seem  to  ('(川(1('1卜。 
and  ai-o  composed  principally  ol'  silica  and  aluniina.  Tli(' 
gas  may  be  of  a  dense  white  nature,  or  of  a  redd  is!)  liue,  due 
to  the  predominance  ol'  funic  in  t  lie  t'oinier  case,  and  ovv 山卜 t, 
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readings  being  taken  four  times  a  day.  The  electric  power 
is  metered,  and  the  quantity  of  gas  delivered  to  the  engines  is 
determined  by  Venturi  recording  instruments.  The  stove  gas 
is  determined  by  Pitot-tube  readings,  hydro-determinator  and 
Ellison  gauge,  all  results  checking  closely.  The  water  used  in 
gas  valves  and  seals  flows  to  the  settling  basins  and  is, 
therefore,  recorded  in  the  weir  readings. 

The  fans  are  of  Sturtevant  type,  electrically  driven  by 
direct  and  alternating-current  motors  ；  each  one  has  a 
capacity  of  84,000  cub.  ft.  of  gas  per  minute.  A  water  seal  is 
placed  on  either  side  to  provide  means  for  repairing.  The 
seal  after  the  fan  also  forms  a  spiral  separator  for  water  which 
may  be  picked  up  in  the  fan.  A  caulked  main  serves  to 
connect  the  scrubbers  with  the  fans  and  is  10ft.  Gin.  diam. 
After  leaving  the  fans,  the  gas  is  carried  into  an  8ft.  primary 
gas  main  and  distributed. 

The  Theisens  are  four  in  number,  three  being  driven  by 
alternating  and  one  by  direct-current  motors.  The  motors 
are  each  150  h.p.  and  drive  the  rotor  375  revs,  per  minute. 
Each  Theisen  has  a  capacity  of  15,000  cub. ft.  of  gas  per 
minute.  There  are  seals  and  separators  on  the  Theisens  the 
same  as  on  the  fans. 

The  gas  from  six  blastfurnaces  is  allowed  to  go  into  a 
general  dirty-gas  main,  8ft.  6in.  diam.,  and  is  distributed  to 
the  boiler-houses,  both  sets  of  stoves  and  gas-cleaning  plants. 
A  pressure  of  12in.  of  water  is  maintained  in  this  main.  The 
gas  for  the  gas  cleaning  plant  goes  through  water  valves  to  the 
scrubbers  which  are  in  parallel,  and  thence  to  the  10ft.  6in. 
collecting  main,  from  which  it  goes  through  the  fans  to  the 
primary  or  scrubbed-gas  main  and  is  distributed  to  No.  3 
boiler-house  extension  to  stoves  on  Nos.  3，  4，  5，  and  6 
furnaces,  and  to  the  Theisens.  The  pressure  in  the  receiving 
main  is  lO^in.  and  in  the  primary  main  8in.  The  Theisens 
boost  the  pressure  to  12in.  and  deliver  the  gas  to  the  engines. 
These  pressures  relate  to  operation  without  fans,  the  gas  being 
propelled  by  the  pressure  of  the  furnace.  We  operated  for  a 
period  of  a  year  and  a  half  this  way,  but  are  using  fans  now, 
due  to  a  desire  to  lower  the  top  pressure,  saving  gas  losses,  and 
lessening  the  dangers  during  tuyere  changing,  &c.?  when  a 
high  gas-main  pressure  causes  trouble.  We  desire  a  pressure 
of  5in.  to  6in.  at  the  stove  burners,  for  the  reason  that  our 
distributing  mains  are  too  small  and  we  have  poor  stove 
draught.  The  friction  through  the  various  fan  seals,  and 
through  the  fans,  also  made  it  necessary  to  back  up  the  gas. 
In  a  new  installation  many  of  these  difficulties  would  be 
obviated.  Formerly  we  removed  no  dirt  in  the  fans,  but  we 
have  so  altered  them  lately  as  to  reduce  the  dirt  content  from 
0*2  to  0'06  grain  per  cubic  foot.  The  Theisen  washers,  as 
shown  in  the  gas  test  for  1912,  lower  the  dirt  content  to 
0*009  grain  per  cubic  foot. 


TURBO  ALTERNATORS. 

BY  R.  B.  WILLIAMSON. 

The  design  of  alternating-current  generators  for  connection 
to  steam  turbines  involves  a  number  of  requirements  that  are 
not  difficult  to  comply  with  in  ordinary  slow  or  moderate 
speed  generators,  but  which  become  serious  problems  in 
machines  operating  at  the  excessively  high  speed  required 
for  this  type  of  generator.  For  example,  the  windage  loss 
becomes  relatively  very  large,  and  all  the  magnetic  and  elec- 
tric losses  are  concentrated  within  such  small  space  that 
special  care  must  be  taken  to  secure  adequate  ventilation. 
Other  problems  are  encountered  in  the  design  of  the  wind- 
ing that  are  quite  easily  handled  in  an  ordinary  slow-speed 
machine,  but  which  require  special  treatment  in  a  turbo- 
alternator. 

For  a  given  output  there  is  a  speed  at  or  near  which  the 
most  economical  design,  taking  everything  into  consideration, 
can  be  obtained.  Theoretically,  turbo-alternators  should  be 
cheap  machines  per  kilowatt  output,  because  they  run  at 
high  speed  ；  as  a  matter  of  fact,  slower-speed  water-wheel 
generators  can  frequently  be  built  at  lower  cost  per  kilowatt. 
This  is  because  the  turbo-generator  operates  at  such  exces- 
sively high  speed  that  expensive  material  must  be  used,  and 
the  design  is  so  limited  in  other  respects  that  the  total  cost 
works  out  high.  Thus  it  may  cost  no  more  to  build  a 
3,000  kw.  water-wheel  alternator  running  at  300  or  400  revs, 
per  minute  than  a  turbo-generator  of  the  same  output  run- 


ning at  3,600  revs,  per  minute.  Generally  speaking,  the  most 
economical  design  for  machines  of  fairly  large  outputs  is 
obtained  with  peripheral  speeds  ranging  from  7,000ft.  to 
10,000ft.  per  minute,  and  practically  all  turbo-generators 
must  of  necessity  operate  at  peripheral  speeds  much  beyond 
these  values.  It  follows,  therefore,  that  it  does  not  pay  to 
run  the  peripheral  speed  of  this  type  of  generator  any  higher 
than  is  needed  to  secure  a  suitable  design  in  other  respects. 

Many  of  the  earlier  machines  were  designed  for  peripheral 
speeds  much  higher  than  necessary,  with  the  result  that  the 
centrifugal  forces  in  the  rotor  were  hard  to  take  care  of,  and, 
what  was  perhaps  a  greater  drawback,  the  windage  and  fric- 
tion were  so  high  as  to  result  in  poor  efficiency,  particularly 
at  fractional  loads.  Moreover,  the  large  windage  and  fric- 
tion loss  produced  considerable  initial  heating  in  the 
generator.  High  peripheral  speed  gives  a  rotor  of  relatively 
large  diameter,  which,  for  a  specified  output,  makes  the 
revolving  part  comparatively  short  as  measured  axially.  A 
few  years  ago  both  of  these  features  were  considered  desirable 
by  designers  because  the  short  machine  was  more  easily  ven- 
tilated, and  the  distance  between  bearing  centres  was  kept 
down  so  that  there  was  no  difficulty  in  making  the  critical 
speed  of  the  rotor  exceed  the  normal  running  speed.  As  the 
demand  for  still  larger  outputs  increased,  the  designer  was 
forced  to  make  longer  machines,  because  the  peripheral  speed 
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was  already  about  as  high  as  could  be  safely  used,  and  larger 
diameters  were  not  feasible. 

These  longer  machines  of  large  output  brought  up  problems 
relating  to  ventilation  that  were  successfully  solved,  so  that 
in  this  respect  there  was  no  further  difficulty  in  building 
machines  of  considerable  axial  length  and  keeping  the  tem- 
perature rise  of  the  middle  parts  within  safe  bounds. 
It  was  also  found  that  long  machines  could  be  run  above 
their  critical  speed  without  trouble ~ that  is,  the  rotor,  in 
coming  up  to  normal  speed,  passed  through  its  critical  speed, 
and  no  bad  results  from  vibration  were  noticed.  In  fact, 
it  has  been  found  that  rotors  running  above  their  critical 
speed  are,  if  anything,  easier  to  balance  and  run  more 
smoothly  than  the  short  stiff  rotors  formerly  considered  most 
desirable.  It  was  also  found  that  these  long  machines  of 
large  output  were  more  efficient  than  the  shorter  ones,  prin- 
cipally because  the  windage  loss  was  a  smaller  percentage 
of  the  output. 

The  next  step,  therefore,  was  to  build  machines  on 
smaller  diameters,  where  this  could  be  done  advantageously, 
with  the  result  that  a  considerable  improvement  was  made  in 
efficiency,  especially  in  generators  of  sizes  ranging  from 
5,000  kw.  down.  Fig.  1  shows  the  relative  sizes  of  two  rotors, 
each  for  5,000  kw.  turbo-generators  running  at  1,800  revs, 
per  minute.  Rotor  A  is  one  of  the  earlier  type,  running 
at  a  peripheral  speed  of  approximately  22,000ft.  per  minute  ； 
rotor  B,  of  smaller  diameter  and  greater  active  length,  runs 
at  a  peripheral  speed  of  17,000ft.  per  minute.  In  Fig.  2 
comparative  efficiency  curves  are  shown.  On  account  of  the 
rrmch  lower  windage  loss  of  the  smaller  diameter  rotor,  it  is 
seen  that  there  is  a  decided  improvement  in  efficiency, 
especially  at  fractional  load.  It  must  be  remembered  that 
a  gain  of  1  or  2  per  cent,  in  efficiency  in  a  large  turbo- 
generator unit  represents  a  large  net  saving  in  the  course  of 
a  year's  operation. 
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Tht、  tendency  in  t  urbo-generator  design  is  towards  larger 
and  larger  units,  machines  of  25,000  kw.  to  35,000  kw.  now 
being  installed  or  under  construction.  Such  generators  liave 
stator  cores  of  great  length,  and  the  problem  of  getting  rid 
of  the  heat  developed  in  the  core  and  windings  is  a  difTicult 
one.  Considering  the  heat  developed  in  the  copper  conduc- 
tors of  the  stator,  this  is  not  in  itself  a  very  large  loss  ex- 
pressed as  a  percentage  of  the  output,  but  most  of  these 
l;ir"o  Tiiacliines  are  wound  for  rather  high  voltage  (9,000  to 
13,200  volts),  and  there  is   considerable   thickiioss   of    iiisi 卜 
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Iating  material  surrounding  the  conductor.  All  insulating 
materials  are  poor  heat  conductors,  and  all  the  heat  de- 
veloped in  the  copper  must  find  its  way  out  through  this 
covering.  In  turbo- generators  the  projecting  ends  of  the 
coils  are  comparatively  cool,  but  they  cannot  be  depended 
on  to  act  as  radiators  of  the  heat  dissipated  in  the  middle  of 
the  machine,  where  the  core  has  considerable  length 
measured  axially.  Tf  we  assume  for  a  moment  that  all  the 
heat  in  the  conductors  is  disposed  of  by  conduction  to  the 
ends,  it  can  easily  be  shown  that  the  difference  in  tempera- 
ture between  the  centre  of  the  core  and  the  end  necessary  to 
cause  this  flow  of  heat  is  directly  proportional  to  the  square 
of  the  distance  from  the  centre  to  the  end.  Thus  this  tem- 
perature difference  increases  very  rapidly,  and  in  long 
generators  the  heat-radiating  effect  of  the  coil  ends  cannot  be 
depended  on  to  any  great  extent.  The  heat  developed  in 
the  copper  must  pass  through  the  insulation  to  the  iron,  and 
sufficient  surface  must  be  provided  for  the  passage  of  this 
heat  so  that  the  temperature  difference  between  copper  and 
iron  will  not  become  excessive.  This  means  that  the  winding 
must  be  sub-divided  and  the  current  density  in  the  conduc- 
tors limited  so  that  the  number  of  watts  per  square  inch  area 
of  insulation  will  not  exceed  the  allowable  amount. 

In  large  turbo-generators  the  slots  are  of  considerable 
radial  depth,  and  as  there  are  frequently  but  one  or  two 
conductors  per  slot  these  conductors  are  also  deep.  It  is 
therefore  necessary  to  take  special  precautions  to  minimise 
eddy  currents  induced  in  the  conductors  by  the  cross-flux  in 
the  slot  set  up  by  the  working  current  in  the  conductor. 
Such  deep  conductors,  if  made  of  solid  copper,  would  heat 
excessively,  and  must  be  stranded  or  laminated  in  such  a 
manner  that  these  currents  would  be  partially  or  wholly 
neutralised.  In  some  cases  the  conductor  lias  been  made  of 
stranded  cable  pressed  to  shape  or  of  flattened  hollow  cable. 
In  other  cases  the  conductor  is  made  of  parallel  strands,  and 
tlie  parts  of  the  coil  inter-connected  so  that  the  eddy  cur- 
rents in  one  part  will  be  partially  neutralised  by  those 
induced  in  another  part. 

Another  feature  in  large  turbo-generators  that  calls  for 
special  attention  is  the  bracing  of  the  stator  coils  where  they 
project  beyond  the  core.  These  overhanging  parts  must  be 
securely  supported  and  braced  against  side  motion,  otherwise 
the  conductors  will  be  twisted  or  bent  out  of  shape  in  case  of 
short  circuits  on  the  generator.  When  a  turbo-genera  toi- 
ls suddenly  short-circuited  while  running  at  full  voltage  an 
enormous  current  flows  for  an  instant,  and  oil  switches  will 
not  operate  quickly  enough  to  prevent  this  flow.  The  attrac- 
tive or  repulsive  action  between  the  conductors  sets  up  very 
large  forces  between  adjacent  parts  of  the  overhanging  coils, 
with  the  result  that  they  will  be  distorted  if  not  securely 
braced.    This  is  only  another  instance  of  one  of  the  many 


filings  which  become  very  prominent  in  a  liigli-speed  turbo- 
generator, hut  which  give  little  or  no  trouble  in  slow-speed 
machines.  At  first  this  coil  distortion  gave  considerable 
trouble,  but  methods  of  coil  bracing  have  now  'J(*v''lo|n'fi 
to  such  an  extent  that  these  generators  will  stand  momen- 
tary short-circuits  without  damage.  In  the  rase,  lK>wev**r, 
of  large  25 -cycle  machines  it  is  frequently  advisable  to  "卜 t;'ll 
external  reactance  coils  to  limit  the  short-circuit  current,  hih! 
the  use  of  these  coils  is  now  becoming  very  general  in  larcje 
stations.  It  must  be  remembered  tliat  even  though  the  c<n\- 
may  not  be  damaged  by  a  sliort  circuit,  very  severe  mechani- 
cal stresses  are  set  up  in  the  wliole  inacliine,  and  other 
troubles  may  be  caused  on  the  system  by  the  excessive  rush 
of  current. 

When  one  stops  to  consider  that  more  power  is  now 
developed  in  a  single-high-speed  unit  than  was  found  only 
a  few  years  ago  in  many  stations  of  very  respectable  size, 
the  advances  made  in  this  class  of  apparatus  are  remarkable, 
and  the  above  is  intended  merely  as  a  brief  outline  of  some 
of  the  problems  met  with  in  this  class  of  apparatus. ― "Sibley 
Journal  of  Engineering." 


APPARATUS  FOR  ASCERTAINING  THE  HARDNESS  OF  METALS 

It  is  a  well-known  workshop  practice  to  test  the  degree  of 
hardness  of  pieces  of  metal  by  means  of  a  file  held  in  the  hand 
of  the  workman  and  rubbed  across  the  pieces,  the  estimation 
being  entirely  dependent  upon  the  operator's  experience  and 
judgment.  To  eliminate  the  personal  element  in  making 
such  tests  as  the  foregoing,  and  to  provide  means  for 
accurately  comparing  the  bodies  to  be  tested  with  a  standard 
specimen,  Messrs.  Rudge-Wliitworth,  Ltd.,  Coventry,  in  con- 
junction with  Mr.  H.  L.  Heathcote,  have  designed  and 
patented  the  apparatus  shown  in  the  accompanying  cuts.  It 


Fig.  1.— Appxkatus  for  Ascehtaining  Hari>nkss  of  Mktals. 

has  been  observed  that  if  a  flat  piece  of  metal  be  placed  upon 
a  horizontally  positioned  flat-topped  piece  of  the  same  or 
another  material,  and  the  latter  be  tilted,  then  after  a  certain 
angular  movement  depending  upon  the  friction  between  the 
surfaces,  the  upper  piece  will  begin  to  slide,  or,  sliding,  will 
continue  to  slide  down  the  under  piece.  It  has  also  been 
found  that  if  one  of  the  surfaces  is  hard  and  rough,  i.r . ,  ridged 
or  pointed,  so  as  to  cause  abrasion,  the  friction  and  conse- 
quently the  angle  when  movement  just  begins  or  continues 
depends  upon  the  degree  of  hardness  of  the  softer  surface. 
For  instance,  if  a  piece  of  hard  flat  steel  is  placed  upon  3 
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horizontal]  v  posit  ioiif<]  llaf  file  and  the  file  is  tilted  to  the 
exact  angle  where  the  force  of  gravity  overcomes  the  friction 
l)etureen  the  contact  surfaces  so  that  the  metal  begins  to  slide 
down  the  file,  the  angle  is  less  tlian  the  angle  when  a  similarly 
slia|>ed  piece  of  soft  metal  sitcli  as  lea<l  is  (Mnploved  instead 
of  hard  steel. 

The  apparatus  shown  in  Fig.  1  has  been  designed  for  com- 
paring the  relative  hardness  of  cylindrical  pieces.  Two  files, 
A  and  B，  are  supported  upon  a  seating  C，  on  a  table  provided 
with  adjusting  screws  for  levelling  the  surface  of  the  lower 
file  B  before  use.  The  lower  file  B  is  rigidly  fastened  to  the 
seating  C，  and  the  upper  file  A  is  loosely  hinged  to  the  seating 
at  one  end  by  a  knife-edge  F,  being  provided  at  the  other  end 
with  an  extended  arm  carrying  a  weight  H.  The  arm  works 
in  a  slot  in  a  quadrant  J  fastened  to  the  seating  C  and  pro- 
vided with  a  divided  scale  indicating  the  inclination  of  the 
lower  surface  of  the  upper  file  A  to  the  upper  surface  of  the 
lower  file  B.  The  slot  is  formed  so  that  the  arm  works  quite 
freely  therein,  and  the  hinge  connection  F  is  also  constructed 
so  as  to  offer  no  resistance  to  the  swinging  movement  of  the 
upper  file. 

To  use  the  apparatus  the  screws  are  adjusted  so  that  the 
surface  of  the  lower  file  B  is  perfectly  level,  and  a  standard 
cylindrical  specimen  piece  Z  of  the  requisite  hardness  and 
with  which  the  other  pieces  are  to  be  compared  is  placed  upon 


the  lower  file  B，  with  the  upper  file  A  raised,  and  resting 
thereon  in  an  inclined  position  as  indicated  in  Fig.  2.  The 
weight  of  the  upper  file  resting  upon  the  specimen  piece  Z  will 
give  rise  to  forces  of  which  one  component  will  be  in  a 
horizontal  direction  parallel  to  the  surface  of  the  lower  file 
and  away  from  the  hinge  and  movement  of  the  specimen 
piece  Z  in  this  direction  will  only  be  opposed  by  the  resistance 
of  the  surface  to  the  abrasion  consequent  upon  the  amount  of 
indentation  of  the  surface  produced  by  the  weight  of  the  file. 
The  harder  the  surface  the  less  will  be  the  indentation,  and 
therefore  a  smaller  resistance  to  movement  relative  to  the 
abrading  instrument  will  be  offered  by  a  hard  surface  than 
by  a  soft  one.  As  the  horizontal  component  before  mentioned 
decreases  with  the  angle  between  the  files  it  will  be  clear  that 
for  conditions  of  equilibrium  there  will  be  a  smaller  angle 
between  the  files  with  a  hard  piece  in  position  than  with  a 
softer  one.  The  position  of  equilibrium  for  a  comparatively 
hard  steel  piece  Z  may  be  as  shown  in  Fig.  2，  and  the  inclina- 
tion of  the  two  files  may  be  read  upon  the  scale  attached  to 
the  quadrant  J.  The  relative  hardness  of  other  pieces  may 
))e  readily  compared  with  that  of  the  standard  specimen  piece 
by  placing  them  in  the  apparatus  and  noting  the  position  of 
tlie  arm  upon  the  scale  when  the  upper  file  assumes  a  position 
of  rest.  This  position  for  a  comparatively  soft  steel  piece 圍 
is  indicated  at  Fig.  3. 

It  will  be  understood  that  the  abrasive  action  of  the  files 
will  be  dependent  upon  the  relative  smoothness  of  the  surface 
of  the  pieces  as  well  as  upon  their  hardness,  and  it  is  therefore 
only  possible  to  compare  the  relative  hardness  of  pieces  having 
surfaces  possessing  a  somewhat  similar  degree  of  smoothness. 
Further,  it  is  essential  that  the  pieces  to  be  compared  should 
l>e  applied  to  the  apparatus  in  a  similar  manner,  as  the 
sticking  friction  and  moving  friction  between  surfaces  differ, 
and  if  a  piece  has  been  moving  horizontally  in  one  direction 
prior  to  coming  to  rest,  its  position  of  rest  may  be  different 
to  the  one  it  would  assume  if  it  had  been  moved  horizontally 
in  the  other  direction  to  a  position  of  rest.  Provided,  how- 
ever, that  the  surfaces  of  the  pieces  are  similar,  and  that  they 
are  placed  in  the  apparatus  in  a  similar  manner,  a  very 
accurate  determination  of  the  relative  hardness  of  the  pieces 
may,  it  is  claimed,  be  obtained  by  means  of  the  apparatus. 
Modified  forms  of  the  apparatus  have  been  designed  for 
testing  spheres,  internal  cylindrical  or  concave  surfaces,  and 
horizontal  surfaces. 


A  TORSIONMETER  WITH  VISIBLE  SCALE.* 

IiY  (>!!.  K.  SUYEHIRO,  PROFESSOR  OF  NAVAL  AKf  HITFXTURK  AT 
TOKIO  IMPERIAL  UNIVEItSlTY. 

Sinc  k  1  lie  introduction  of  the  method ― associated  with  the 
name  of  Sir  Archibald  Denny ― of  finding  the  power  of  steam 
turbines  by  measuring  the  twist  of  the  shaft,  many  instru- 
ments have  been  invented  following  the  same  lines.  But  as 
the  measurement  has  to  be  made  while  the  shaft  is  running 
and  as  the  parts  of  a  quickly  rotating  body  are  not  readily 
visible,  most  torsionmeters  give  the  twist  indirectly  in  one 
way  or  another.  The  use  of  intermediate  links,  whatever  be 
their  kind ― mechanical,  optical,  or  electrical 一 for  this  pur- 
pose may  become  a  source  of  error  in  observation. 

In  the  torsionmeter  devised  by  the  author  the  number  of 
intermediate  links  is  reduced  to  a  minimum.  The  twist  is 
indicated  directly  by  means  of  a  scale  and  a  pointer  in  a 
manner  similar  to  that  used  in  a  statical  torsional  test,  and 
the  reading  of  the  scale  is  taken  by  a  simple  optical  device 
consisting  of  mirrors  rigidly  fixed  to  the  body  of  the  torsion- 
meter.  The  device  by  which  the  scale  is  made  visible  is  as 
follows  ：  In  Fig.  1，  let  R  be  the  cross-section  of  a  shaft,  O  its 
axis,  and  S  a  scale  fitted  to  the  arm  of  the  torsionmeter. 
It  is  well  known  that,  even  while  the  shaft  is  running,  the 
scale  S  is  visible  if  it  is  well  illuminated  by  an  intermittent 
light  of  very  short  duration,  such  as  an  electric  spark.  To 
emit  electric  sparks  in  proper  phase  with  the  revolution  of  a 
shaft  is  not  a  difficult  matter  in  a  physical  laboratory,  but 
is  a  matter  of  much  inconvenience  in  the  shaft  tunnel  of  a 
ship  ；  so  that  such  a  method  is  hopeless  for  practical  purposes. 
In  this  torsionmeter  a  plane  mirror  M  is  attached  to  the 
arm  just  midway  between  O  and  S，  with  its  plane  per- 
pendicular to  O  S.  By  this  arrangement  the  virtual  image 
of  the  scale  S  will  always  be  formed  in  the  axis  for  all  angular 
positions  of  the  shaft,  and  if  the  size  of  the  mirror  M  is  not 
too  large  the  angular  range  through  which  the  scale  S  is 
reflected  into  the  eye  of  an  observer  will  be  small.  Therefore, 
though  S  revolves  with  the  shaft,  its  virtual  image  remains 
practically  stationary,  and  as  it  appears  successively ― once 
in  each  revolution —— it  is  as  if  the  scale  were  fixed  in  its 
position. 

Thus,  as  the  scale  can  be  made  visible  by  such  a  simple 
device,  the  relative  twist  between  two  points  on  a  shaft  can 
be  measured  in  a  very  simple  manner.  For  instance,  accord- 
ing to  ordinary  practice,  let  a  sleeve  of  suitable  length  be 
clamped  to  the  shaft  at  one  end,  its  other  end ― carrying  a 
pointer 一 being  free  ；  also,  let  a  short  sleeve  mounted  with 
a  scale  and  a  plane  mirror  arranged  in  the  foregoing  manner 
be  clamped  to  the  shaft  near  the  free  end  of  the  long  sleeve, 
the  scale  on  this  sleeve  being  so  located  that  it  comes  in 
contact  with  the  pointer  on  the  long  sleeve.  Then  tlie 
required  twist  may  be  measured  while  the  shaft  is  running 
just  as -in  a  statical  test,  for  the  reason  just  described.  This 
simple  method  of  measuring  the  twist  of  a  shaft  can  be 
aj^pfied  to  the  line  shafting  of  land  engines,  by  substituting 
for  one  length  a  special  length  constructed  of  special  steel 
of  reduced  diameter,  the  amount  of  twist  being  magnified 
accordingly.  For  marine  use,  however,  where  such  sub- 
stitution is  generally  inconvenient  and  where,  in  some  cases, 
not  only  the  maximum  power,  but  also  the  power  for  reduced 
speed,  has  to  be  obtained,  the  measurement  made  in  this 
simple  manner  is  not  sufficiently  accurate  ；  a  further  device 
is  necessary  for  magnifying  the  amount  of  twist.  In  similar 
cases,  where  magnification  is  required,  it  is  not  uncommon 
to  use  a  lever,  rack  and  pinion,  or  some  similar  kind  of 
mechanism.  But,  from  the  author's  experience,  it  seems 
preferable  to  avoid  such  mechanism,  as,  even  with  the  best 
workmanship  and  material,  there  can  be  no  positive  assurance 
of  keeping  free  from  wear  during  a  long  run.  To  get  rid  of 
any  contact  of  the  moving  parts  an  optical  method  is  again 
used,  this  time  to  obtain  multiplication  of  the  displacement 
of  a  pointer  relatively  to  the  scale,  as  described  below. 

The  marine  torsionmeter  is  shown  in  detail  in  Fig.  4，  and 
also  diagrammatically  in  Fig.  3.  As  shown  in  the  latter 
figure,  and  as  described  above,  the  torsionmeter  is  composed 
of  a  short  and  a  long  sleeve  A  and  B.    The  short  sleeve  A 
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with  an  arm  ■ 蠡 directly  fixed  to  tlie  shaft,  while  the  long 
sleeve  B  is  fixed  to  t  lio  shaft,  at  t lio  ond,  its  near  "m<I 
being  free  ami  in  contact  with  tlie  short  sleeve  A.  Anot  Ikt 
arm  L„  projects  ('",  the  free  end  of  11i(、  long  sleeve  M.  On 
the  arm  Lj  a  ground-glass  plate  S,  having  a  scale  /  divided 
into  ,!  mni.  and  a  "  point  in^  ed^e  '，  //  (t  ho  t  l  ansvct  sc  houndarv 
between  the  white  and  hlat-k  grounds),  is  liti near  tlie 
edge,  and  a  plane  mirror  M  is  fitted  in  such  a  posit  ion  t  hat- 
its  'reflecting  surface  is  just  midway  between  the  scale  plate 
and  the  axis  of  the  shaft.  Tlie  purpose  of  fitting  the  latter 
is  to  form  t  lie  virtual  inia^o  /  of  the  scale  t  in  tlie  axis  of  tlie 
shaft,  so  as  to  make  the  scale  visible,  on  the  pl.im'iple 
desci-ihed  above.  On  the  shorter  arm  a  concave  mirror  〃/ 
is  inoiinted  in  such  a  position  that  the  pointing  ed^e  〃  on 
the  scale  plate  is  so  reflected  that  its  virtual  image  j  is 
formed  in  tlie  axis  of  the  shaft.  Thus  images  i  and  j  of  t  lio 
scale  and  the  pointing  edge,  which  are  cut  on  one  and  tlie 
same  glass  plate  S,  are  formed  separately  in  the  axis  of  the 
shaft,  the  former  by  the  plane  mirror  M  and  tlie  latter  !»v 


curve  of  the  "  Anyo  M;mi，"  the  first  geared  turbine  steamer 
in  Japan  ；  two  curves  are  sliowu,  one  giving  the  power  as 
ascertained  l)y  torsioiuneter,  tlie  other  t  lie  power  curve  lx*ini/ 
deduced  from  mod ol  experiments  previously  coinhu-t c*l  in  t ho 
experimental  tank  hHongiiig  to  the  Mitsubishi  Dork y.irW 
Company,  the  Ixiildcrs  t  lie  ship.  Altlion^li  tlie  data 
supplied  to  me  with  regard  to  t  lif*  tank  Wf"im('i"、  o\  tli 卜 
ship  are  rather  incomplete,  the  long  experience  of  tlie  Mit  - 
suljislii  firm  in  tank  experiments  may  give  assurance  of  the 
correctness  of  the  curve  exhibited.  The  rloso  similarity  of 
the  two  curves  on  the  figure  speak  well  for  tlie  reliabilit v  of 
tlie  torsioiimeler.  Soino  of  t  lie  important  particulars  in  this 
case  are  as  follows : — 

Diameter  of  shaft   1 3 .1  i  1 1 . 

Length  of  base   6ft.  6in. 

Distance  of  scale  plate  from  the  centre  of  shaft.. 21  in. 

Magnification  of  twist   3'67  times. 

One  division  of  scale   \  mm. 

Mfixinnun  reading   37  divisions  (  :t'7mm.). 


ELESCOPE 
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the  concave  mirror  ///.  These  images  are  so  formed  that  tliev 
appear  side  by  side  through  a  telescope  placed  in  a  proper 
position.  Referring  to  Fig.  2，  when  the  relative  position 
jf  m  of  the  pointing  edge  and  the  concave  mirror  is  clianged, 
in  consequence  of  the  twist  of  the  shaft,  to  another  relative 
position  //  〃"  the  virtual  image  of  the  pointing  edge  will  l>e 
displaced  from  the  original  position  j  to  the  new  position  •/， 
the  displacement  being  magnified  according  to  the  position 
and  the  curvature  of  the  concave  mirror.  The  amount  of 
this  magnified  displacement  j  f  is  measured  bv  tlie  virtual 
image  of  the  scale  formed  by  the  plane  mirror.  A  photo- 
graph of  the  measuring  part  of  the  torsionmeter  fitted  to  a 
small  electric  motor,  taken  while  the  motor  was  running-  at 
700  revs,  per  minute,  and  exposed  during  about  5  sees.,  shows 
the  appearance  of  the  images  of  the  scale  and  pointing  edge, 
ami  indicates  that  both  of  them  seem  as  if  they  were  at  rest . 

In  measuring  the  power  developed  by  a  steam  turbine, 
for  which  the  measurement  of  the  twist  of  tlie  shaft  taken 
at  any  one  angular  position  is  sufficient,  one  telescope  placed 
in  a  proper  position  and  a  portable  electric  lamp  illiuiiiiiatin^ 
the  scale  plate  are  to  be  used .  For  the  purpose  of  measuring 
the  shaft  horse-power  of  a  reciprocating  engine,  where  the 
observation  must  be  made  at  several  angular  positions,  many 
telescopes  should  be  placed  in  proper  angular  positions  around 
the  shaft,,  and  tlie  scale  plate  illuminated  with  an  electric 
lamp  fitted  and  revolving  with  it.    Fig.  '「）  is  the  speed -power 


The  authorV  torsion m eter  has  so  far  l)een  applied  to  three 
； hips,  and  in  each  case  it  has  worked  entirely  satisfactory. 


SIX  YEARS'  EXPERIENCE  WITH  BONUS  WAGE  PAYMENTS. 

RY  、V.  L.  MYLES. 

The  question  is  often  asked,  Does  the  bonus  plan  of  work 
benefit  tlie  emj^love  wlio  performs  the  task  /  After  six  years 
of  experience  with  this  system  and  by  close  observation  of  its 
methods  the  writer  can  safely  say  without  fear  of  successful 
contradiction  that  it  does,  and  to  substantiate  t his  statement 
will  cite  some  instances.  Whv  has  it  become  neoessarv  to 
change  methods  of  pay  and  work  from  the  old  (lav's  work 
system  of  pay  to  bonus  or  any  other  scientific  system  of  work 
which  offers  a  reward  in  the  form  of  extra  cornpensation  for 
greater  efforts  put  forth ？  First,  because  competition  is  so 
keen  that  the  manufacturer  must  reduce  the  cost  of  produc- 
tion to  meet  this  competition  successfully  and  keep  his  men 
engaged.  Second,  because  labour  demands  its  just  share  of 
the  profits  from  that  wliich  it  produces.  Under  the  old 
methods  of  pav  about  90  per  cent,  of  the  workers  give  their 
employers  on  an  average  about  60  per  cent,  of  their  capabi- 
lities, which  means  that  40  per  cent,  is  wasted  in  some  wav 
or  other.  This  condition  is  plainly  noticeable  to  a  practical 
eye  in  almost  any  shop  where  modern  methods  are  not  in 
force.    In  trying  to  reclaim  this  40  per  cent,  of  lost  efficiency 
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Fig.  4.— The  Suykhiro  Torsionmktek,  Diameter  13i  ins.   (See  page  372.) 


he  accomplishes,  not  for  the  time  he  spends  in  the  shop,  as  is 
the  case  under  the  day's  work  plan.  As  long  as  the  rate  paid 
per  piece  is  high  enough  to  keep  him  interested  he  will  have 
inducements  to  keep  at  work.  He  will  have  a  chance  for 
individuality,  a  chance  for  competition,  a  chance  for  personal 
recognition.  His  liking  for  reasonable  racing  will  be  culti- 
vated, also  his  liking  for  play  may  be  cultivated.  All  of 
these  incentives  arise  because  the  man  feels  that  his  sense  of 
justice  is  being  considered  ；  and  he  realises  that  when  the 
task  is  properly  laid  out  and  the  price  per  piece  is  justly 


of  energy  in  the  accomplishment  of  the  task,  but  received  the 
full  reward  nevertheless.  It  benefits  the  working  man  by 
reducing  to  a  large  degree  the  physical  effort  formerly  put 
forth  in  his  work,  for  under  this  system  the  mechanic  is 
instructed  as  to  the  best  methods  of  performing  bis  work  ； 
and  by  following  the  instructions  given  him,  he  soon  realises 
that  by  the  co-operation  of  his  brain  and  hands  less  physical 
effort  is  required.  In  a  shop  where  this  system  is  in  force 
the  men  are  doing  40  per  cent,  more  work,  with  about  25  per 
cent,  less  physical  effort.    This  is  possible  because  this  system 


( 'tit/t pnri^on  T<thle  "f  Resul fs  Olifa  'nwd  i/nr/er  the  Old  and  X f  tr  、'//.、■〃  〃/、•  of  Pay. 


Operation. 

Day  Work  Plan. 

Bonus  Plan. 

Advantage  of  Bonus  Plan. 

Time  taken 
per  Piece, 
Hour. 

Mechanic's 
Hourly  Rate, 
Cents. 

Time  taken 
per  Piece, 
Hour. 

Mechanic's 
Hourly  Rate , 
Cents. 

Increase  in 
Rate  per 
Hour,  Cents. 

Percentage  of 
Increase  in 
Wage. 

Percentage  of 
Decrease  in 
Cost. 

Increase  in 
Efficiency, 
per  Cent 

Radial  drill  job   

2 

23 

i 

30 

7 

30 

47 

62 

Milling  machine  job   

45 

35 

in 

•43 

8 

25 

56 

64i 

Drill  press  job  No.  I  

20 

23 

14 

28 

5 

22 

15 

30  " 

Drill  press  job  No.  2  

25 

32 

28 

45 

Drill  press  job  No.  3  

15" 

28 

8 

37 

9 

32 

30 

47 

Boring  mill  job   

30 

32 

Hi 

42 

10 

:n 

30 

Lathe  job  No.  1   

； H 

1 

14 

10 

30 

57 

66§ 

Lathe  job  No.  2   

2 

:u 

1 

45 

11 

32 

34 

50 

Planer  job   

23 

33 

13 

42 

9 

27 

28 

43J 

Large  mill  job   

11 

35 

5 

45 

10 

29 

40 

55 

Forging  job   

2 

40 

52 

12 

30 

46 

58 

Vice  and  floor  job   

16 

34 

7 

46 

12 

32 

35 

44 

determined,  he  is  given  a  square  deal  in  being  allowed  to 
accomplish  as  great  an  amount  of  work  as  he  can,  with  the 
assurance  that  his  reward  will  be  readily  paid  him.  He  also 
feels  safe  and  willing  to  go  ahead  on  the  task  set  for  him, 
because  he  has  the  company's  guarantee  that  he  will  receive 
his  regular  day's  wage  in  case  of  his  failure  to  accomplish 
the  task  in  the  time  allowed.  It  is  in  this  particular  instance 
where  straight  piece  work  falls  down  in  that  it  provides  no 
compensations  for  the  man's  efforts  in  case  of  failure  to  come 
up  to  the  time  allowed, 


automatically  forces  the  brains  of  the  management  to 
co-operate  with  the  efforts  of  the  men  in  the  shop,  the 
employe  receiving  his  share  of  the  benefits  through  this 
co-operation. 

Some  of  the  benefits  derived  by  the  men  under  this  system 
can  readily  be  seen  from  a  report  taken  from  one  of  the 
leading  manufacturing  concerns  of  New  Jersey  where  both 
skilled  and  unskilled  labour  have  shared  in  its  benefits.  The 
report  shows  that  for  a  period  of  12  months  the  average  net 
increase  for  mechanics  per  hour  was  6.1  cents}  or  26  per  cen^, 


man v  so-called  scientific  systems  of  wage  payment  have  been 
devised  ；  a  few  have  met  with  some  success,  a  great  many 
have  proved  to  be  total  failures  due  practically  to  "  over- 
efficient  ，， methods. 

The  system  that  seems  to  meet  the  demands  of  the 
employer  most  successfully  and  to  benefit  the  working  man 
most  satisfactorily  is  the  differential  bonus  piece  work  system 
of  pay  with  a  guarantee  wage,  because  its  basic  principles  are 
individual  efforts  with  individual  rewards  or  equal  pay  for 
equal  work.    Under  this  system  the  man  is  paid  for  what 


One  of  the  great  advantages  that  this  system  of  pay  has 
over  straight  piece  work  is  that  there  are  no  cuts  in  the  time 
or  rate  allowed  per  piece  ；  a  time  once  determined  becomes 
standard.  Because  of  this  the  man's  attention  is  always 
concentrated  on  his  work  and  not  distracted,  as  it  surely  must 
be  in  the  straight  piece  work  system  where  continual  cutting 
of  the  time  and  rate  is  practised  so  freely.  It  also  benefits 
the  working  man  because  of  the  chance  afforded  of  indi- 
viduality ； he  does  not  have  to  divide  the  spoils  with  some 
fellow- worker  who  may  not  have  put  forth  the  same  amount 
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higher  wage.  The  average  increase  for  unskilled  labour  was 
somewliat  higher,  due  to  the  fact  that  they  were  put  on  jol>s 
that  were  rated  at  a  higher  rate  of  pay  than  they  were 
receiving  for  the  day's  work,  for  under  this  system  it  is  equal 
pay  for  equal  work .  that  is,  if  a  20-cent-per-hour  man  can 
do  the  same  work  satisfactorily  and  in  the  time  allowed  as  a 
35-cent-per-hour  man  can  he  is  justly  entitled  to  equal  pay 
on  that  job.  The  benefits  derived  from  the  educational  value 
of  this  system  are  in  no  way  small.  By  following  the  instruc- 
tions and  methods  of  this  system,  the  men  learn  to  rely  upon 
themselves  and  acquire  a  self-sustaining  power.  There  is  no 
need  of  the  foremen  speeding  the  men  up  to  a  point  where,  as 
soon  as  he  leaves,  the  worker  natu rally  slows  down.  T 1 1 e 
reward  offered  induces  enough  incentive  to  the  man  to  speed 
himself  up  without  tlie  supervision  of  a  gang  boss. 

The  accompanying  table  is  a  good  illustration  of  some  of 
the  direct  benefits  obtained  from  the  differential  bonus  plan 
of  wage  payment  to  men  on  various  operations,  compared 
with  former  rates.  In  one  manufacturing  establishment 
where  the  bonus  got  to  be  such  a  big  proposition  that  it 
became  necessary  to  have  two  pay  days  (one  for  the  bonuses 
or  rewards  that  were  earned  by  the  men,  which  they  received 
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each  Wednesday,  the  other  the  regular  pay  day  on  Saturday), 
a  blue  envelope  was  provided  for  the  bonus  mid-week  pay  day 
and  all  bonuses  earned  up  to  Tuesday  night  were  paid  the 
men  Wednesday  noon.  This  scheme  was  readily  appreciated 
by  the  men,  as  they  receive  direct  benefit  of  their  efforts  as 
soon  as  their  task  is  accomplished.  This  also  helps  to  tide 
over  those  who  develop  financial  weakness  about  the  middle 
of  the  week  and  "  borrowing  on  account  ，'  has  been  greatly 
reduced.  But  the  greatest  benefit  obtained  by  the  bonus 
envelope  is  the  feeling  that  it  represents  a  perso»ial  reward 
for  extra  efforts  and  is  in  addition  to  the  sum  which,  received 
at  week-ends,  may  be  regarded  as  covering  the  regular  living 
and  home  expenses. 

But  you  may  ask,  "  How  about  the  poor  fellow  who  does 
not  earn  a  bonus  ？  What  effect  does  it  have  on  him  ？',  It 
arouses  and  cultivates  that  zest  for  reasonable  racing,  witli 
the  possible  chance  of  beating  his  fellow-workman,  and 
before  long  he  becomes  so  efficient  in  his  work  that  he  too 
receives  his  blue  bonus  envelope  on  Wednesdays.  Without 
a  doubt,  the  adoption  of  this  plan  of  wage  payment  of  ^qual 
pay  for  equal  work  is  the  most  satisfactory  to  both  employer 
and  employe  in  that  it  supplies  the  needed  incentives,  forces 
co-operation  of  both,  party's  interest  in  the  work,  obtains  and 
maintains  an  efficient  force  of  men,  and  is  a  long  stride 
toward  social  justice. ― "  The  Iron  Age." 


INDUSTRIAL  AND  TRADE  NOTES. 

Messrs.  Sir  W.  H.  Bailey  &  Co.,  Ltd.,  Altiion  WorkH,  Salfdrd,  Mau- 
chester,  have  just  received  an  order  through  their  u^entH,  MesurH. 
U.  H.  Longl>(»t!iam  &  <、,.，  Ltd.,  Wuketiel«l,  for  one  of  their 
" Roster's  "  patent  eluctrically-driven  air  compressors  to  deal  with 
】，<;()<)  cub.  ft.  of  free  air  per  minute,  for  the  Consott  Iron  Cr>rnpan\ , 
Ltd.,  Consett,  Co.  Diirliam. 

Mine  experiment  Station  at  Pittsburg,    k  is  pr (屮" to  ♦  ,  w  i  ； it  ,i 
cost  of  £1<)(),(HX)  a  mine-experiment  station  at  Pittsl 川 rg.  l'«'mi  , 
l  .S.A.    A  series  of  mine  sh;ii ts  will  I"'  provid«»d.    (>m.  will 
used  as  an  elevator,  anotlior  for  tests  of  milling  appliances, 
hoisting  ropes,  wliilo  a  third  will  give  entrance  to  tiimu'ls  <'x"""l 
ing  under  tho  buildings,  in   w  liich  milling  <'x|"'ri""'nts  will  I"' 

ClHI(lllCt*'(] . 

International  Congress  of  Chambers  of  Commerce.    'I  lie   fit  li    I  nt  -■!  ■ 

national  Congress  of  Chambers  of  Commerce  will  I"  in  l'a ris 

trom  the  8th  to  10th  June  next.  Amongst  otlicr  matters  t\io  Con- 
gress will  discuss  the  utility  of  international  action  against  unfair 
competition,  the  unification  of  the  la  us  relating  to  arbitration 
proceedings  between  inhabitants  of  different  countries,  and  tin- 
question  of  unification  of  the  laws  relating  to  credit  on  goods. 

Electricity  in  Fiery  Mines.  -At  the  South  Wales  -Mim'i、'  K.-d.-i  ntinn 
annual  conference,  at  Cardiff,  on  the  7th  inst.，  there  was  a  long 
discussion  on  a  resolution,  which  was  eventually  carried,  to  seek 
prohibition  of  the  use  of  electricity  for  motive  power  in  ficr.v 
mines.  The  matter  arose  out  of  statements  at  the  Sei)^hcn\<l(l 
explosion  enquiry,  and  the  danger  of  the  emission  of  sparks  from 
cahles  was  emphasized  by  Mr.  T.  iiicliunls.  M  P.  (g,'i"'ral  s*-crct;irv 
of  the  Federation).  Jt  was  pointed  out  that  many  ii<'\vly  <M|iiipj>c(I 
r()lli('r"'s  h;i'l  installed  electrical  plant. 

New  Joint  Railway. ― The  new  railway  wliich  is  to  l>e  owned  jomth 
by  the  Great  Central  and  Hull  and  Jiarnsley  Companies  will  t-\ 
from  (iowdall,  on  the  Hull  and  Ha rnsley  main  tine,  to  Braith- 
well,  where  it  will  connect  with  the  Great  Central,  the  Hull  and 
Barnsley,  and  the  M idland  Joint  line.  It  will  provide  (1m  ct  (">m 
nimiication  with  the  new  collieries  at  Bulk-rott,  Hentlcy . 
Wellington,  and  form  a  junction  with  the  Great  Central  Hailw  a\ 
Company's  new  Doncaster  line  at  Hexthorpe.  The  lint*, 
which  has  a  length  of  22  miles,  will  probably  be  completed  l>y  tlu> 
end  of  the  current  year. 

Reduction  of  Customs  Duty  on  Pig  Iron  Imported  into  Russia.  —  It  was 
decided,  at  a  meeting  of  the  Council  of  Russian  31imsu'r.、，  li'  l'l 
last  month,  to  permit  the  importation  into  Russia  from  abroad 
of  foreign  pig  iron,  at  reduced  rates  of  Customs  duty,  to  tin* 
end  of  December,  1915.  The  total  amount,  the  importation  of 
which  is  to  be  allowed  during  this  period  at  tlie  rt'dii(v(l  r;a'  、  m 
duty,  will  not  exceed  323,000  tons.  Special  application  will  have 
to  be  made  in  respect  of  every  consignment  which  it  is  proposed 
to  import,  and  the  actual  reduction  of  Customs  duty  to  he  i^i-aiitiMi 
will  be  determined  separately  in  the  case  of  ('； i(  h  coiisi^hnicnt.  A 
Bill  embodying  these  provisions  will  be  laid  ln'i'ore  the  Impcr  ia I 
Buma  by  the  Ministry  for  Commerce  and  I ndu>try  at  muv. 

International  Trade  Convention. ~ "As  a  result  of  the  i  t  i" ''  lit  " I 

in  November,  1913，  at  Brussels,  for  the  purpose  of  considering  t \w 
possibility  of  drawing  up  a  scheme  for  the  publication  of  inter 
national  trade  statistics,  a  convention  has  been  signed  l>y  tl"' 
29  countries  】epiesented  creating  at  Brussels  an  I ntei national 
Board  of  Commercial  Statistics.  This  convention,  according  to 
" The  Times,"  will  come  into  force  on  July  1st  next,  and  propard 
tions  are  being  made  to  give  effect  to  it.  Apart  from  the  oidinary 
trade  returns  issued  by  each  country,  the  convention  pi ovich's  tor- 
the  preparation  of  special  statistics,  drawn  up  on  n  uniform  liasis, 
showing  the  exports  and  imports  of  certain  classes  of  goods.  The 
weight  of  tho  goods  will  he  indicated  wl">r*'ver  |)(>ssil，l，'，  as  w  fli 
as  the  value.  The  publication  of  these  returns  will  l>，'  mado  in 
the  form  of  a  I)ulletin  printod  in  tlie  French  laiigiiiw 

Board  of  Trade  Commercial  Intelligence  Committee.  -  A  iiiet*tiiiur  ，'t 
the  Advisory  Committee  to  the  Board  of  Trade  on  ('o"m"Mri:»l 
liitelligenco  was  held  in  London,  on  tl"、  7th  inst.  Amongst  tl"' 
matters  considered  by  the  committee  were  the  arran*rtMn*Mits  m 
connection  with  the  special  Commercial  M ission  to  Siberia,  to  U、 
und^i'taken  t'orthwitli  by  Mr.  H.  (,o(、k*、，  H . M .  t'omniorcial 
Attache  for  Russia  ；  a  special  ConuihTcial  M  ission  to  C  hina  ;  pro 
posals  for  the  reclassification  of  goods  for  the  purposes  ot  tl"' 
Trade  Marks  Art  ；  and  possible  action  for  the  removal  of  diffi- 
culties caused  to  traders  by  differences  in  the  legal  procodure  of 
the  United  Kingdom  and  certain  othor  Knropean  coiuitrios.  1 1 
was  reported  that  tho  number  of  enquiries  received  at  the  Com 
mercial  Intelligence  Branch  during  1913  \v  as  ](i,(>(>8.  a  ml  that  tho 
niinihor  of  reports  (othor  tha n  annual  reports)  received  from  H. -、 I. 
Locations  and  Consulates,  and  from  H.M.  Trade  (，on、n"ssionei> 
and  the  T rade  Correspondents,  and  ！ itilisod  l»y  th»»  hranch.  was 
4,082,  as  coinparod  with  ：<.7">4  in  \9V2. 


37G 


THE    MECHANICAL  ENGINEER. 


[April  17,  1914 


NEW  PATENTS. 

Specifications 驪 the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  Wd.   Ad<ln  .^s 
" Mechanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 
MECHANICAL.  1913. 

Valve  niechanisin  for   internal-combustioii  t'liginos.     Daw  apm  a- 

ruthna.  6883. 
Stop  valves.    Williams  &  Wrightson.  "973. 

Apparatus  ior  automatically  preventing  overwinding  of  colliory 

cages.    Bayley  &  Froggatt.  6990. 
Water  cooling  apparatus.    Powel  &  B(、ri'y.    70^7 . 
JOngino-starting  devices.    Prescott.    7282 . 

( '； i  rim  i-cttcrs  for  internal- combustion  engines.    Skrltmi.  7-'i70. 
Internal-combustion  engines.    Cox.  7475. 

Means  for  indicating  variations  of  temperaturo  of  the  cylindors 
of  internal-combustion  engines.    J3oyce.  7070. 

Means  for  circulating  the  cooling  water  of  explosion  ciigines. 
Blackstone,  Carter,  &  Carter.  7743. 

Acetylene  gas  generators.    Davis.  8258. 

Centrifugal  pumps.    Gerdau.  8678. 

】51adt、s  for  steam  turbines.    Dianovszky  A'  Sclilr^cl.  87'-" 
Ai>]»;uatus  for  automatically  controlling  teinporatnre.  Wilkinson. 
1)041. 

Processes  of  treating  metals.  British  Thomson  Houston  Com- 
pany. 9097. 

Silencer  for  internal  combustion  engines.    J3ottoml(\v.    ！) 111. 
Apparatus  for  the  direct  conversion    of.  heat    into  okctricity. 

(iyuris,  and  Alois  Sclilesinger.    100^(i . 
Carburetters    of    internal-combustion    engines.      Leeke  it  、Vilu- 

smith.  10117. 
Drilling  and  boring  apparatus.    Banibridge.  10139. 
Screw  or  worm  conveyers.    Bovircoud.  10207. 

Oil-blast  burners.    Fletcher,  Russell,  &  Co.，  and  Fletcher.  lU'ii". 

Water-tube  boilers.    Mellersh-Jackson.  11458. 

】{otar'y  internal-combustion  engines.    Nield.  11522. 

.Mc;ms  for  preventing  the  leakage  of  oil  from   hearings.  Stead 

and  National  Gas  Engine  Company.  12039. 
Automatic    timing    apparatus    particularly    ap|)licablo    to  tli(， 

i'Wi】ati(m  of  the  stoking  of  boiler  furnaces.    Everslied  i\  n<l 

Vi^noles,  Ltd.,  Kilroy,  &  Needham.  13228. 
l?ota i y  cylinder  engines.    Soc.  Clerget  et  Cie.  13333. 
Drilling  machines.    Asqtiith,  and  William  Astjuith,  I. tel.  14454. 
Horizontal   face-plates   for   lathes.     Compagnie  des   Forges  et 

Acieries  de  la  Marine  et  dJ  Homecou^  14691. 
Cutter-holders  used  in  cutting  gear  teeth.    Sykes.  l^f>2. 
Alloy.    Westley.  15982. 

Me;ins  for  securing  boiler  tubes.    Downer.  lo998. 
Kxliaust  silencer  for  internal- combustion  ni^in.'s.      iM (.■I'lictson. 
16336. 

Speed  indicators.    Ufert.  17933. 

Carburetters  for  internal-combustion  engijios.    Soc.  J.  (;r (川 velle， 

H.  Arquembourg,  et  Cie.  18081. 
Balanced  double-beat  steam    regulating   valve    for  locomotives. 

Lockyer.  13209. 
Double  helical  gearing.    Thorne.  18370. 

l^ocess  of  heating  and  moulding  metals.    De  Lostalot.    1 8-~  1 H . 
Cnpolas.    Tropenas  &  Tournier.  20924. 

Silencers  for  intcriial-conibnstion  engines.    Lclar^c.  21228. 
Steam  dryei*s  and  oil  separators.    Ogden.  21731. 
Supply  of  air  to  boiler  and  other  furnaces.    Davison.  21788. 
Carburetters  for  internal  combustion  ongincs.    Soc.  M.  Goiulard 

et  Mennesson.  21952. 
Smoke  consuming  fire-bridges  with  ro^nlat;il)le  air  s'lpplv.  Brill. 

22109. 

Appa ratiis  ior  charging  blast  furnaces  with  iiicimclesceiit  coko. 

Semmler.    22873.  _ 
rtilisation  of  waste  lie  at  of  iron  works.    Soiiunlor.  22875. 
Casting  compouiul  stetd  ingots.    Fuery.  2^5022. 

Slides  of  sliapiii^;  niacliiiics.  (Jcneral  Composiiig  Compfii v.  k」 1  lUo. 
Cliaiig«_'  sp(、('(i  gear.    ^Vlagnat  &  Moser.    267 "22. 

Lubricating  apparatus  ior  intei'iial coinlMistioii  eti^i lies.  Daimler 
Motoreii-Ges.  27545. 

1914. 

Stcinn  ^cncM*ators.    Rohinsoii.  338. 
Steam  hcat(»cl  i  iuliator.s.  Schroder. 
Elastic  fluid  motors.    Daniel.  ]404. 
Fluid  contr')!  v;i]\cs.    SpiTi'yn  1、'  Co, 
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and  Jones.  1834. 

ELECTRICAL,  1913. 

lircctvin^;  ； ipjm ratus  for  wireless  t('l(w;iph.v.    Clianihors.  47 
Klcct  rical  s\\  itches.     British  L.M.  Ei-icsson  .M  aniilacturiiig 
pany,  and  Rogers.  6873. 


l)n)U、'tiiig   ('Ki<-tric;il    inslrum«'iits   t  rom  operated    by  ex 

1]-;iihm)us  i'lirroits.    I)m'm,'r.  (>900. 
( >v«']  lioa(l  conductors  for  electric  traction  systems.     】《m"'n  and 

Cedes  Electric  Traction,  Ltd.  7305. 
Dyna  nios.      British     Thomson-Houston    Comj)anv,    C'lougli,  and 

Dunker.    7  GOO. 

Ti  ;insiiiitting  a pparatus  ior  w  irclcss  tcl'-^rapliy  and  u、k>pliony. 

-Marconi  A-  Franklin.  7610. 
Dotrctors  for  use  in  wireless  telegraphy.   Graliani  A:  Latham,  Ltd., 

"r;il"mi.  A'  Sol»otka.  7977. 
i^loctric  incaii 山' s('('iit  lamp  lutlrlcrs.  Wilkinson.  KXJ04. 
Suhstitution  resistances  for  electric  lamps.   Heins.  102-52. 
Kh'ctric  arc  lamps.    British  Thomson-Houston  Company.    J ().'{() i. 
Klcctiic  lime  switches.   Thompson  <fe  BoAvden.  ]】0o7. 
Indicating  appliances  for  electric - measu r i n instrunu  iits.  JJritisli 

Thomson-Houston  Company,  and  Hoklen.    12 瞻. 
Kk-ctric  dimming  s\\  itch.    Hulhert.  13023. 
l^icctric  arc  lamps.    Hailing  A:  Angold.    14071 . 

Si'ciu'ing  of  windings  in  dynamos.    Siemens  Bros.  DvnaiiKj  、V"rk、， 

Ltd.,  Koettgen,  &  Kieffrr.  ].—)148. 
KK'ctric  water  gauges.    Rajczy.  16691. 

H  i^li-spct'd     rotors     for     high-frcfiucticv     multipolar  electrical 

niachinory.    Goklschmidt.  17268. 
Electricity  meters.    Koi  ting  t、'  MathiL\son  Akt.  (ies.  2787-1 


EK'ctric  time  switclu 
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METAL  QUOTATIONS. 

TUESDAY,  APRIL  14th. 

Aluminium  ingot    8o/-  per  cwt. 

，,         wire,  according  to  sizes,  &c  from  1 12/-  ，， 

,，         sheets        ，，  ，，    ，,  112/ -  ，， 

Antimony   £27/10/-  to  £29/10/-  per  ton. 

Brass,  rolled   7  jd.  per  lb. 

，，     tubes  (brazed)    <^d.  ，, 

，，       ，，     (solid  drawn)   7^d.  ，， 

"       ，，      wire    7jjd.  ，, 

Copper,  Standard   £04/17/0  per  ton. 

Iron,  Cleveland   Jt 

，， Scotch   57/3  ，， 

Lead,  English    £18/15/-  ，， 

，， Foreign  (soft)    £18/2/0  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per 】b. 

,，  ,，  "       medium   3/6  to  6/-  ，， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/-/-  per  bottle. 

Silver   2(i^d.  per  oz. 

Spelter    £21/10/-  per  ton. 

Tin,  block   £1*57/7/0  ，， 

Tin  plates,  I.C   12/10}  per  box. 

Zinc  sheets  (Silesian)   £24/15/-  per  ton. 

，，  (Stettin  ；  Vieille  Montagne)   £25/2/6  ，， 


Id. 


The  Cunard  Fleet ― The  fleet  of  the  Cunard  Steamship  C1om- 
j)any,  Ltd.,  comprises  27  steamers  and  tenders,  having  an 
aggregate  displacement  of  284,097  tons,  and  propelled  by 
engines  working  up  to  309,800  h.p.  The  following  three 
steamers  are  now  building,  and  will  shortly  be  added  to  the 
fleet :  "  Aquitania,"  for  the  Liverpool  and  New  York  mail 
service  ；  "  Transylvania,*'  for  the  New  York  and  Mediter- 
ranean service  ；  and  "  Aurania/'  for  Canadian  service. 

Accident  to  a  Scotch  Express. ―  A  collision,  involving  the  loss 
of  two  lives  and  injuries  to  12  passengers,  occurred  early  on 
Tuesday  morning  on  the  North  British  Railway  at  Burnt- 
island, Fifeshire.  The  3-55  express  from  Edinburgh  for 
Aherdeeti  reached  Burntisland  about  4-50,  and  just  outside 
the  station  ran  into  the  front  portion  of  a  goods  train  wliicli 
was  being  shunted  into  a  siding.  Travelling  at  the  rate  of 
about  40  miles  an  hour  at  the  time,  the  impact  was  so  great 
1  hat  the  express  engine  left  the  rails,  together  with  the  front 
coach  and  three  luggage  vans,  broke  through  a  low  wall,  and 
to])])led  over  into  a  public  park.  Unfortunately,  the  ci river 
and  fireman  of  the  express  had  no  chance  of  escape,  both  being 
buried  under  their  engine  and  killed  outright.  Twelve 
passengers  in  the  front  carriage  were  injured  more  or  less 
seriously.  The  wreckage  of  the  leading  coach  caught  fire 
following  an  explosion,  but,  profiting  by  the  lesson  of  the 
Aisgill  disaster,  there  were  patent  fire-extinguishers  on  the 
train,  and  the  guard  speedily  extinguished  the  flames. 
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FLEXIBLE 


METALLIC  TUBING 


Original 


Write 
for 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,    Highest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c. 


(i) 


HEAD  OFFICE : 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  -whence  all  but  he  had  flown, 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearing,  when  we  took  him  tinderhand, 
Now  a  smile  he's  always  wearing,  he's  found  •'  NONLKAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILE  P 

NflNL EAK  Jointing 

llUllLtMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE  ！ 


FREE  FROM  LEAD! 

IMPROVES  WITH  AGE  ！ 


TESTING  SAMPLES. 


AVILL  NEVER  BLOW  OUT,  SCAIiE,  OR  ROT. 

Leeds  Road, 


J.  E.  TURNER  &  C0.，  Ltd.,  ^  »^  Bradford,  vorics 

Fowler's  Mechanics  &  IVIachiirists， 
Pocket  Book  and  Diary,  1914. 

Thoroughly  Revised  &  brought  up  to  date. 


The  demand  for  the  1913  edition  of  this  book  was  phenomenal,  and 
although  we  printed  a  very  large  quantity  they  were  sold  out  almost 
immediately  on  publication,  with  the  result  that  thousands  were  dis- 
appointed. The  demand  for  the  1914  edition  has  been  greater  than  we 
anticipated.    To  prevent  disappointment,  those  desiring  copies  should 

ORDER  AT  ONCE. 


Price  8d.  post  free. 

SCIENTIFIC   PUBLISHING  COMPANY, 

53,  NEW  BAILEY  STREET,  MANCHESTER. 


ax  uu  :  rki.rED  v  iiioar  Journm.  '      33  No  848 

Edited  by 

IAM    H.  FOWLER, 

Wh.  Sc.,  M.Inst.C.E. 

Telegrams:  "Scientific,"  Manchester. 
Telephone  No.  0055  City. 

SUBSCRIPTION  RATES. 

United  Kingdom  ：  12/6  per  annum,  post  free. 

Canada :  14/6  per  annum,  post  free. 

Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21./-*       ，，  ，，          Thick  ，， 

*  Foreign  Remittances  by  International  Money  Order  only. 

Note.— Direct  annual  subscriptions  include  a   Free  Copy  of 
Fowler's  "  Mechanical  Engineers*  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  pavnl.h-  iu  Scimtifir 
Publishing  Company,  and  forwarded  to  our  Manchesl.T  OHi.-r. 
o3j  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  currtMit  issue  should 
reach  our  Manchester  office  not  later  tlian  first  post  Tue&dav 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Board  of  Trade  Enquiries  into  Boiler  Explosions. 

We  have  more  than  once  referred  to  the  whimsical  manner  in 
which  the  Board  of  Trade  appears  to  exercise  the  power  it 
possesses  under  the  Boiler  Explosions  Acts  in  ordering  a 
formal  enquiry  to  follow  the  preliminary  enquiry  which  is 
always  held.  We  touched  on  the  matter  so  recently  as  Feb- 
ruary last  (see  p.  114  ante),  aud  smce  then  a  report,  No.  2281， 
has  been  issued  respecting  an  explosion  which  occurred  at  a 
colliery  at  Dairy,  in  Scotland,  which  adds  point  to  our  remarks. 
The  boiler  was  of  the  Lancashire  type,  measuring  30ft.  in  lengt  li 
by  7ft.  6in.  diam.，  and  there  was  no  doubt  as  to  the  cause  of 
failure.  It  was  due  simply  to  corrosion  at  the  bottom  of  the 
shell  arising  from  neglect,  with  the  result  that  the  plates 
eventually  became  too  weak  to  withstand  the  ordinary  work- 
ing pressure,  and  were  ripped  open.  The  boiler  was  hurled 
from  its  seat  and  landed  on  to  a  r;n!\vay  truck  in  a  sidino- 
30ft.  away,  while  an  adjoining  boiler  was  dislodged, 
the  steam  pipes  and  connections  wrecked,  and  the 
engine-man  badly  injured.  From  the  report  of  the 
preliminary  enquiry,  which  was  the  only  iiiv,'、t  i-ai  iuii 
that  was  held,  it  appears  that  the  boiler  was  not 
enrolled  with  any  inspection  or  insuraiu-e  company,  and  that 
the  only  examination  it  received  was  at  the  hands  of  a  boiler 
smith  in  the  employ  of  the  company,  whose  (|ualifications  for 
the  duties  of  a  boiler  inspector  were  very  iinpert'ert.  Tliat  his 
inspection  was  inadequate  is  evident  from  the  fact  that  the 
boiler,  where  it  gave  way,  was  wasted  by  external  corrosion 
imtil  the  plates,  originally  ^in.  thick,  were  as  tbin  as  a 
sixpence,  aud  this  corrosion  must  obviously  have  been  in 
existence  for  a  long  time.  The  case  was  precisely  one  in  which 
it  appears  to  us  that  the  powers  designed  for  the  Board  of 
Trade  to  expose  incompetent  inspection  ami  ne^lert  bv  order- 
iug  a  il  formal  ••  investigation,  and  if  need  be,  iulik-tin^  costs, 
uiiglit  very  well  have  beeu  exercised.     Such  i>unisbinent,  it 
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may  be  here  remarked  to  those  who  are  not  familiar  with  the 
rlausos  of  the  Boiler  Explosions  Acts,  is  not  possible  with  a 
'' preliminary  "  enquiry,  as,  although  a  report  is  published,  the 
enquiry  is  in  the  nature  of  a  private  investigation  by  a  Board 
of  Trade  engineer.  Now,  the  explosion,  without  doubt,  was  a 
serious  one,  and  the  report  states  that  "  in  view  of  the  extreme 
thinness  of  the  plate  it  can  only  be  inferred  that  the  examina- 
tion of  the  boiler  (made  six  months  before  the  explosion)  was 
inadequate.''  Further,  alluding  to  the  boiler  smith  who 
made  the  inspection,  it  adds,  "it  is  very  doubtful  whether 
he  could  be  considered  a  '  competent  person  ，  to  examine 
and  assign  the  working  pressure  of  a  steam  boiler." 
No  reflections  are  cast  by  the  report  upon  the  con- 
scientious 】namier  in  which  the  boiler  smith  endeavoured 
to  discharge  his  duties,  but  this  in  no  way  detracts 
from  the  fact  that  he  was  incompetent,  and  that  as  a  result 
of  this  a  disastrous  explosion  ensued.  The  man  may  not 
have  been  to  blame  for  his  imperfections,  but  the  owners  were 
certainly  responsible  for  employing  him  to  discharge  the 
duties  of  a  boiler  inspector,  and  the  Board  of  Trade  Com- 
missioners have  again  and  again  stated  that  ignorance  cannot 
be  pleaded  as  justification  in  such  circumstances.  It  is 
interesting  to  contrast  this  case  with  another  (see  report 
No.  1684)，  relating  to  the  "  explosion  "  of  a  water  tube  boiler 
at  Leamington.  In  this  case  the  so-called  explosion,  with 
respect  to  which  a  formal  enquiry  was  ordered  and  gravely 
enquired  iuto  by  two  Board  of  Trade  Commissioners  for  two 
days,  consisted  of  a  crack  |in.  long  in  a  4 in.  water  tube  of  a 
Babcock  &  Wilcox  boiler.  Whilst  we  agree  with  the  Com- 
missioners, who  stated  in  this  latter  case  "  that  the  extent  of 
an  explosion  is  no  test  as  to  the  desirability  or  otherwise  of 
holding  a  formal  investigation,"  it  is  impossible  to  avoid  feel- 
ing that,  if  a  formal  enquiry  was  called  for  in  the  Leamington 
case  it  was  infinitely  more  urgent  in  connection  with  the 
explosion  at  Dairy.  It  is，  of  course,  easy  to  criticise  the 
working  of  any  public  department,  but  our  remarks  are  not 
directed  by  a  captious  spirit.  We  are  fully  conscious  of  the 
good  work  that  has  been  done  by  the  Board  of  Trade  in  the 
administration  of  the  Boiler  Explosions  Acts,  and  if  the 
examples  we  have  given  were  solitary  ones  they  might  be 
allowed  to  pass,  but  they  are  not,  and  it  does  seem  as  if  the 
discretionary  powers  which  the  Board  exercises  in  respect  to 
the  appointment  of  "  formal  ，，  enquiries  might  be  used  with 
greater  consistency. 


Condenser  Tubes. 

A  condenser  tube  appears  an  insignificant  detail,  but  pro- 
bably no  part  of  a  ship's  equipment  has  caused  at  one  time  or 
another  greater  trouble  and  anxiety,  or  had  more  care  and 
thought  spent  on  its  composition.  The  peculiarities  of  the 
corrosion  and  splitting  to  which  it  is  liable,  and  which  are 
the  chief  source  of  the  difficulties  associated  with  it,  have 
formed  the  subject  of  numerous  researches  which  have  been 
described  before  engineering  societies  from  time  to  time,  and 
Sir  Henry  J.  Oram,  Engineer-in-Chief  of  the  Fleet,  in  his 
presidential  address  before  the  Institute  of  Metals  recounted 
the  experience  of  the  Admiralty,  which  is  interesting  not  only 
as  showing  how  engineering  worries  may  arise  from  a  trifling 
detail,  but  how  they  may  be  finally  conquered  by  patient 
investigation  and  research.  To  this  end,  the  special  com- 
mittee appointed  by  the  Institute  of  Metals  to  enquire  into 
the  matter  has  contributed  very  materially,  and  due  credit 
was  paid  by  Sir  Henry,  on  behalf  of  tlie  Admiralty,  to  the 
value  of  the  second  report  read  at  the  Ghent  meeting  last 


year.  That  report  largely  confirmed  Admiralty  experience 
during  the  last  20  or  30  years,  but  this  is  seldom  published, 
and  for  this  reason  the  detailed  record  of  it  set  forth  by 
him  and  which  we  reproduced  in  our  issue  of  March  27tb 
(see  page  294  ante),  deserves  the  careful  attention  of  all 
who  are  interested  in  the  question.  How  largely  the 
troubles  have  been  removed  by  selection  ot  suitable  alloys 
and  care  in  testing  is  shown  by  some  figures  quoted  in  the 
address.  It  is  impossible  to  give  the  number  of  failures  that 
occurred  in  the  early  years,  as  no  records  were  kept,  but  Sir 
Henry  states  they  were  very  numerous,  while  his  figures  sliow 
they  are  now  practically  eliminated.  In  1908  the  approximate 
number  of  condenser  tubes  at  work  in  the  British  Fleet  was 
millions,  and  the  number  of  failures  occurring  on  service 
only  totalled  90，  or  at  the  rate  of  1  in  28,000  per  annum ?  and 
even  this  slight  percentage  has  been  considerably  reduced,  for 
in  1913  the  total  number  of  tubes  in  service  was  approximately 
3,800,000,  and  the  total  failures  only  131，  i.e.,  1  in  60,000 
per  annum.  This  excellent  result  has  been  mainly  attained 
by  a  happy  combination  of  the  experience  of  the  user  with  the 
experimental  work  of  the  laboratory  and  the  commercial 
possibilities  of  the  manufacturer,  a  combination  powerful  to 
solve  difficulties,  but  unfortunately,  owing  to  trade  jealousies, 
not  always  possible  to  bring  about. 


WASTE  HEAT  BOILERS  AT  OPEN-HEARTH  FURNACES. 

An  American  contemporary  gives  some  interesting  data 
relative  to  economies  developed  by  the  installation  of  waste 
heat  boilers  in  connection  with  the  open- hearth  furnaces  at 
the  South  works  of  the  Illinois  Steel  Company.  Previous  to 
putting  in  the  boilers  all  the  steam  used  by  the  gas  producers 
was  obtained  from  the  blooming  mill  boiler  house  through  a 
long  steam  main.  This  resulted  in  very  low  steam,  both  as  to 
pressure  and  quality ?  at  the  south  end  furnaces.  The  first 
boiler  to  be  put  in  was  a  small  Heine  of  1,900  sq.  ft.  of 
water-heating  surface.  A  fan  driven  by  a  vertical  high-speed 
engine  draws  the  stack  gases  from  the  furnace  through  the 
boiler  and  discharges  back  into  the  furnace  stack.  The  im- 
provement in  steam  conditions  was  very  marked,  the  pressure 
then  being  raised  from  501bs.  to  about  lOOlbs.  However,  the 
results  often  showed  that  the  boiler  and  fan  were  much  too 
small,  as  only  a  small  part  of  the  available  heat  was  abstracted 
from  the  waste  gases,  so  another  installation  was  made  of  two 
Stirling  boilers  of  4,000  sq.  ft.  of  heatiug  surface  and 
much  larger  motor-driven  fans.  As  originally  installed,  tbe^e 
boilers  had  heaters  iu  the  breeching  to  heat  the  feed  water, 
but  the  flue  dirt  in  the  gases  caused  so  much  trouble  by 
clogging  up  the  spaces  in  the  heaters  that  they  were  takeu  out. 
The  present  feed-water  system  carries  out  the  idea  of  waste 
heat  utilisation  to  the  utmost  extent  and  is  as  follows  ：  The 
warm  waste  cooling  water  from  the  bulkhead  and  port  pipes 
of  the  furnaces  is  supplied  to  the  Dyblie  gas  valve  hood 
instead  of  cold  water.  After  being  heated  still  further  by  the 
gas  valve,  it  flows  from  a  semi-circular  trough  to  a  small  tank, 
the  water  level  of  which  regulates  the  amount  supplied  to  the 
Dyblie  valve  hood  by  a  float  valve  according  to  the  require- 
ments of  the  boilers.  From  the  small  tanks  the  water  flows 
through  a  pipe  under  the  floor  to  the  feed  pump?  but，  before 
entering,  the  exhaust  steam  from  the  feed  jnnnj)  is  discliargecl 
into  the  water.  These  three  additions  of  heat  are  sufficient  to 
raise  the  feed  water  from  35。  to  200o,  equivalent  to  90  boiler 
horse-power.  The  boilers  are  now  making  about  825  boiler 
horse-power,  which  is  equal  to  1,900  tons  of  coal  a  mouth 
obtained  from  waste  beat. 
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A  CURIOUS  BREAKDOWN  OF  AN  OIL  ENGINE. 

Tiik  April  issue  of  "  Vulcan  ^ives  particulars  of  ； i  r;i\  her 
curious  breakdown  of  an  oil  engine  arising  from  the  presence 
of  water  in  the  cylinder  which  is  worth  noting  by  users  of 
this  type  of  prime  mover  which  work  in  dusty  atmospheres 
and  where  water  filtering  arrangements  are  used  t()  climinat c 
dust  from  air  drawn  through  tlie  air  inlH  tor  1  lie  com pi-cssion 
charge.  The  breakdown  of  steam  engines  by  a  sudden  rusli 
of  water  into  the  cylinder  is,  our  contemporary  observes,  nni 
uncommon,  as  steam  is  so  easily  converted  to  water  by  lowci  i iil; 
of  temperature.  Condensation  in  steam  pipes  is  rt'spoiisil 山' 
for  a  large  number  of  such  breakdowns,  as  well  as  the  suckiiig 
up  of  water  into  the  cylinder  of  a  condensing  engine  from  the 


Fig.  1.— Breakdown  of  an  Oil  Engine. 

condenser  and  air  pump.  In  the  case  of  gas  engines,  break- 
downs are  also  caused  occasionally  by  water  in  the  cylinder, 
though  they  are  rarer  than  similar  breakdowns  of  steam 
engines,  as  a  leaky  liner  joint  or  a  fractured  breach  end  seldom 
allows  a  sudden  rush  of  water  from  the  jacket  sufficient  in 
quantity  to  fill  the  clearance  space  of  the  combustion  chamber, 
and  bring  the  piston  to  a  dead  stop  whilst  working.  We  have 
on  the  present  occasion  a  still  rarer  experience  to  record, 
namely,  the  disastrous  breakdown  of  an  oil  engine  at  a  cement 
works,  caused  by  water  in  the  cylinder,  and  on  this 
page  we  publish  two  photographs  of  the  broken  bedplate  and 
frame  of  this  engine,  which  had  a  cylinder  12in.  diam.  by 
lft.  6in.  stroke,  and  ran  at  230  revs,  per  minute.  One  after- 
noon when  starting  the  engine  it  was  noticed  that  water  began 
to  squirt  out  of  the  cylinder,  accompanied  by  a  heavy  knock, 
and  before  the  engine  could  be  stopped  by  shutting  off  the 
oil  supply  the  smash  occurred.  The  front  part  of  the  bedplate 
was  completely  carried  away,  the  crank  shaft  bent,  and  con- 
siderable other  minor  damage  done.  On  investigation  it  was 
found  that  the  air  filter  on  the  air  inlet  was  responsible  for  the 
trouble.  This  filter  was  of  special  design,  owing  to  the 
extremely  dusty  character  of  the  atmosphere,  and  the  filtering 
medium  was  water,  but  owing  to  a  defect  in  the  arrangement 
water  had  accumulated  in  the  horizontal  portion  of  the  air 
pipe  to  the  engine  to  such  an  extent  that  it  was  drawn  into 
the  cylinder  when  the  engine  got  under  speed,  with  the  results 
described. 


QUALITY  OF  LUBRICATING  OIL  AFTER  LONG  USE. 

The  results  of  a  series  of  tests  of  lubricating  oil  to  deteniiinc 
whether  it  "wears  out  "  or  not  ia  long-continued  service 
appeared  in  a  recent  issue  of  ' '  Engineering  News."  Tlie 
tests  were  made  by  Prof.  R.  C.  Carpenter  and  Prof.  W.  M  - 
Sawdon,  at  Cornell  University,  for  the  Richardson- Plieuix 
Company.  Samples  were  secured  of  filtered  oil  from  a  power 
plant  in  New  York  City,  where  an  installation  of  this  com- 
pany's central  oiling  and  filtering  system  has  been  in  sorvit-o 
one  and  a  half  years.*    For  comparison  samples  of  fresh  oil 

*  Tests  at  the  ])Iant  showed  a  circulation  of  3,ti00  gallons  of  oil  per  day,  or  ahout 
1,800  bl>l.  vvv  montli.  About  3  1>1»1.  of  fir  si  i  oil  are  iidtU'd  oucli  iiionUi  to  make  lip 
for  losses  aiul  withdrawub.  i>yuic  four  gallons  uf  wutcr  per  clay  iuv  scpanitt'd 
irom  the  oil. 


of  the  same  quality  and  brand  were  secured.  A  few  of  tlie 
co]nj)arative  rt'sulls  of  Ui"  hI.ihIv  of  physical  properties  arc 


New  oil. 

(M  oil. 

Colour. 

Mciliinn  ml  ； 

J)ark  ml 

traiiMluccnt. 

opafpje. 

I'IjisIi  point   open  cuj>  

410°  F. 

410°  K. 

IJiirnin^  point    op<>M  cup  .... 

460。  \  \ 

440°  P. 

Specific  gravity1   

0-895 

Jlclative  viscosity-   

70°  F.— 3*48 

卜 

m 

07°  F.— 2-14 

103°  F.— 2 

K> 

130°  R— 1-63 

130。  F.— 1 

(i2j 

215°  F.—122 

218°  F.— 1 

10 

i\Vater  =  1  at  60°  F.  2Water  二  1  at  60°  F.,  27.9  sec.  100  cm.,  OI«cn 
vi.sco.simotcr. 


A  series  of  tests  were  also  made  on  a  Thurston  rail  road - 
lubricant  tester  (hardened  steel  journal  and  bronze  bearings 
of  20  sq.  in.).  The  machine  was  run  at  constant  speed  of 
about  360  revs,  per  minute  and  bearing  load  applied  in  incre- 
ments up  to  751bs.  per  square  incli.  Oil  was  fed  as  nearly 
constantly  as  possible.  Test  at  each  load  was  continued  nntil 
friction  and  temperature  had  become  constant.  The  follow- 
ing figures  have  been  taken  from  the  data  of  these  runs  ： ― 


Bearing 

J)  11  ia<  ion 

Tciiip.  <lifl. ； 

Minimum 

pressure  ； 

test  ； 

beariirj 

coefficient 

lbs.  .、q.  in. 

minutes. 

and  room. 

friction. , 

New  

75 

120 

46-3 

0-01166 

Old   

75 

150 

46-0 

0-012(i5 

150 

50  i 

49-3 

0-006fi(5 

01(1   

150 

60 

50-7 

0-00717 

New  

225 

60 

58-0 

0-00-)：{：{] 

Old   

225 

60 

57-2 

("00522 

New  

300 

60 

66-5 

0-00458 

Old  

300 

80 

G7-5 

0-00458 

New  

375 

50 

70-5 

0-00373 

Old   

375 

50 

59' 7 

0-003(57 

From  the  first  table  it  is  seen  that  the  old  oil  had  gained 
in  specific  gravity ― as  would  be  expected  through  loss  of 
volatile  constituents  and  the  addition  of  small  quantities  of 


Fig.  -2.— Brkakdown  or  an  Oil  Engink. 

cylinder  oil  from  piston  rods  and  stuffing-boxes  The  used 
oil  showed  a  higher  viscosity  than  the  new,  indicating  that  it 
gained  in  "  body  ，，  with  use.  The  friction  tests  showed  con- 
sistent results  ；  the  new  oil  had  a  slightly  lower  coefficient 
of  friction  on  low-bearing  pressures,  while  "the  reverse  is  true 
for  the  higher  pressures.  Tlie  changes  are  so  snjall,  howe\  t*r, 
that  the  values  are  alike  for  all  practical  purposes. 

Tramway  Goods  Service— The  Liverpool  Tramway-  (',m: 
mittee  are  entering  into  negotiations  with  the  South-west 
Lancashire  tramway  companies  with  regard  to  the  inaugura- 
tion of  a  t  fait  I  way  iroods  seivice  between  t  he  Liverpool  docks 
aud  Boltoiu  liury,  Kochdale,  aud  other  Lancashire  towuy. 
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HIGHSPEED  BEARINGS.* 

BY  GERALD  STONEY,  F.U.S. 

There  are  three  principal  types  of  friction  in  all  bearings. 
(1)  Contact  friction,  where  both  surfaces  are  dry,  and  this 
type  was  investigated  as  early  as  1781  by  Coulomb,  who  found 
for  pressures  from  ^lb.  to  lOOlbs.  per  square  inch  and  speeds 
up  to  10ft.  per  second  that  the  friction  was  independent  of  the 
pressure  per  square  inch  and  the  velocity  :  but  was  propor- 
tional to  the  total  force  pressing  the  surfaces  together,  and 
was  dependent  also  on  the  nature  and  material  of  the  surfaces. 


Fig.  1. 

(2)  Greasy  friction,  where  there  is  more  or  less  complete 
lubrication  and  a  more  or  less  complete  film  of  oil  between  the 
surfaces.  This  has  been  investigated  by  many  experimenters, 
but  concordant  results  have  not  been  obtained  as  so  much 
depends  on  the  degree  of  lubrication.  Generally  speaking, 
however,  friction  of  this  kind  is  proportional  to  the  load  and 
is  independent  of  the  speed,  i.e.,  the  coefficient  of  friction  is 
constant.  (3)  Complete  lubrication,  where  there  is  a  complete 
oil  film  between  the  surfaces  and  there  is  no  metallic  contact. 
This  usually  occurs  in  high-speed  journal  bearings  where 
bath  or  forced  lubrication  in  some  form  is  provided. 

The  theory  of  complete  lubrication  may  be  said  to  have 
originated  in  1884  at  the  British  Association  meeting  at 
Montreal.  In  Lord  Raleigh's  address  (page  13  of  B.A. 
Report,  1884)，  he  mentions  Towers'  experiments  and  shows 
that  the  incoming  layer  of  oil  is  thicker  than  the  outgoing. 
He  mentions,  moreover,  that  some  additional  elucidation  of 
t'he  phenomena  might  be  expected  from  Prof.  Stokes,  after- 
wards Sir  George  Stokes,  but  there  is  no  further  record  of 
this  in  the  B.A.  Report.  There  was  also  a  paper  read  by 
Prof.  Osborne  Reynolds  before  Section  A  on  "  The  Action  of 
Lubricants/'  but  no  more  than  the  title  of  this  is  given. 
Lord  Raleigh  pointed  out  the  value  of  Towers'  experiments 
with  complete  lubrication,  and  how  they  upset  ideas  pre- 
viously widely  admitted,  and  that  the  results  showed  the 
friction  to  be  nearly  independent  of  the  load  and  much 
smaller  than  generally  supposed,  giving  a  value  of  /x  as  low  as 
He  also  directed  attention  to  the  fact  that  the  weight 
on  the  bearing  was  really  borne  by  the  oil  film  which  was 
thicker  at  the  ingoing  than  at  the  outgoing  edge,  and  that  the 
oil  must  have  a  certain  viscosity  proportional  to  the  pressure. 

It  is  evident  that  both  Lord  Raleigh,  and  Prof.  Stokes  saw 
that  the  problem  could  be  attacked  mathematically,  but 
until  Prof.  Reynolds  in  1886  ("  Phil.  Trans""  1886)  effected 
the  integrations  in  certain  cases  nothing  further  was  done. 
Even  the  integrations  then  effected  are  in  most  cases  approxi- 
mate only.  Prof.  Reynolds,  in  fact,  worked  out  two  cases, 
first  that  of  a  flat  surface  (of  finite  length  in  the  direction  of 
motion,  but  of  infinite  length  at  right  angles  to  it)，  moving 
over  another  flat  surface,  and  secondly,  tlie  case  of  a  shaft 
running  in  a  bearing  of  infinite  length.  The  bearing  assumed 
in  his  calculations  was  semi-circular  and  of  slightly  larger 
radius  than  the  shaft.  He  showed  that  the  theory  thus 
established  gave  results  in  very  close  agreement  with  Towers' 
experiments.  A  further  extension  was  made  by  Sommerfield 
(" Zeitschrift  fur  Mathematiscli  mid  Physic  "  Band  50)  and 
Michell  (Ibid.,  Band  52).  The  latter  worked  out  the 
distribution  of  pressure,  the  coefficient  of  friction  and  the 
angle  of  the  surfaces  for  the  cases  of' a  square  plane,  a  plane 
with  the  length  three  times  the  width,  a  plane  of  infinite 
length,  and  a  plane  of  infinite  width,  and  it  was  on  this 
investigation  that  he  based  his  well-known  pivoted  thrust 
bearing.  r 

*  Abstract  of  lMpor  read  before  tbc  North-cast  Cyast  Iustibutiou  of  Engineers 
uud  Shipbuilders. 


The  case  usually  occurring  in  practice  of  a  journal  of  finite 
length  bearing  011  only,  say,  one-third  of  the  complete  circum- 
ference has  not,  so  far  as  can  be  traced,  had  the  necessary 
integrations  made,  and  so  we  have  to  fall  back  on  experimental 
results.  Towers  experimented  with  a  bearing  4in.  diarn.  aixl 
(nn.  long,  the  brass  embracing  the  full  half  circle  and  being 
accurately  scraped  to  an  easy  fit  to  the  shaft.  The  brass  was 
on  top  and  the  shaft  clipped  into  an  oil  bath  so  as  to  ensure 
complete  lubrication.  He  found  that  the  oil  film  was  under 
very  considerable  pressure  and  that  the  distribution  of 
pressure  was  as  shown  in  Figs.  1  and  2，  with  a  nominal  load 
of  3331bs.  per  square  inch.  The  general  result  was  that  with 
olive  oil  at  90°  Fah.  the  friction  was  nearly  independent  of 
the  pressure,  and  increased  approximately  as  the  velocity  V'M;. 

Fig.  3  shows  the  average  of  liis  results,  V  being  in  feet  per 
second,  p  being  the  shear  resistance  per  square  inch  taken  011 
the  projected  area  of  24  square  inches. 

In  the  range  of  his  experiments  with  j>ressures  from  lOOlbs. 
to  5001bs.  per  square  inch  of  projected  area  there  was  little 
change  in  the  value  of  p 

Fig.  4  shows  the  relative  viscosity  of  the  oil  at  various 
temperatures^  from  Osborne  Reynolds'  experiments.  The 
dotted  part  is  extrapolated  by  his  formula. 

Goodman  (Manchester  Association  of  Engineers,  1890) 
experimented  with  a  bearing  2in.  diam.  and  4in.  long  running- 
revs,  per  minute,  equivalent  to  a  surface  speed  of 
2*04ft.  per  second,  with  an  oil  bath  maintained  at  a  tempera- 
ture of  40°  C,  and  found  little  difference  with  loads  varying 
from  501bs.  to  5501bs.  He  also  found  that  the  total  friction 
was  inversely  proportional  to  the  arc  of  content,  which  he 
varied  from  the  full  width  of  2in.  down  to  ^in.,  the  shear 
resistance  being  constant  at  0  361b.  per  square  inch  taken  on 
the  chord  of  the  arc  of  contact .  This  reduction  of  the  arc  of 
contact  has  been  used  in  railway  journals  to  reduce  the 
friction. 

The  chief  published  experiments  on  high-speed  bearings 
are  those  of  O.  Lasche  (u  Traction  and  Transmission/'  Vol.  6， 
No.  22,  1S03).  These  tests  show  tliat  so  far  as  friction  is  con- 
cerned it  is  not  well  to  use  a  large  shaft  and  a  long  bearing, 
but  experience  shows  that  for  high  speeds  and  heavy  loads 
long  bearings  are  necessary,  and  they  have  also  to  be  large  to 
avoid  vibration  and  critical  speeds,  and  also  the  risk  of 
fracture  due  to  vibration.  To  avoid  this  latter  danger  the 
bending  stresses  have  to  be  kept  to  a  figure  which  would  be 
considered  very  low  in  ordinary  practice,  as  there  have  been 
several  cases  of  fracture  of  shaft  ends.  If  the  pressure  is  too 
high  or  the  oil  is  too  thin  a  bearing  may  run  all  right  so  long 
as  there  is  no  vibration,  but  if  vibration  occurs  the  oil  film 


Fig.  -2. 


may  be  driven  out  and  seizing  take  place.  This  is  especially 
liable  to  happen  with  the  shafts  of  electrical  inacliiucrV;  such 
as  the  armatures  of  dynamos  and  rotors  of  alteruators,  where 
there  is  always  a  liability  to  vibration  due  to  their  going  out 
of  balance,  and  it  is  probable  that  much  lower  pressures  are 
advisable  in  such  cases  than  in  those  of  turbine  rotors,  which 
from  their  construction  are  not,  as  a  rule,  so  liable  to  go  out 
of  balance. 

This  effect,  is  rediu-ed  in  very  lii^h-ypeed  sliafts,  above, 卜； iv， 
2,000  revs .  per  minute,  by  the  use  of  ilie  \veil-l\iiown  Parsons' 
flexible  bearing,  where  there  are  two  or  more  tubes  outside 
the  bearing  bush  with  a  small  clearance  between  them  iu 
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which  the  viscosity  of  the  oil  tends  to  damp  out  vil>rat ion-. 
】n  turbine  work,  a  rule  much  used  lor  t  he  size  of 

bearings  has  been  that  the  product  of  the  speed  by  the  pressure 
should  not  exceed  a  certain  figure,  but  it  is  <louht  l  ul  whether 
this  rule  is  of  much  value,  as  it  really  assumes  greasy  IVict  ion 
and  not  perfect  lubrication.  In  land  work  a  product  of  ■、，"。。 
has  rarely  been  exceeded  or  751bs.  per  square  inch  at  75ft.  per 
second.  At  lower  speeds,  higlier  w'ssiiits  ； u*e  used  s;il  is 
factorilv.  as,  for  example,  at  about  35ft.  per  second  a  pressure 
of  1301bs.  to  1501bs.  per  square  inch  is  admissible. 

In  a  discussion  on  Prof.  Christie's  paper  before  t  he 
American  Society  of  Mechanical  Engineers  in  1912，  Ilodgkin- 
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son  stated  that  speeds  of  80ft.  per  second  and  lOOlbs.  per 
square  inch  were  commonly  employed  in  America,  and  where 
there  is  no  risk  of  heavy  vibration  there  does  not  seem  any 
reason  why  higher  pressures  should  not  be  used.  It  has  to  be 
remembered  that  the  heat  to  be  carried  off  does  not  increase 
with  the  pressure,  and  that  the  real  danger  lies  in  the  possible 
breaking  down  the  oil  film  by  excessive  pressure  or  vibration. 

In  marine  turbines  the  journal  speeds  are  much  lower  than 
on  land  and  rarely  exceed  30ft.  per  second,  and  the  pressures 
are  usually  801bs.  to  lOOlbs.  per  square  inch,  but  there  is  a 
strong  tendency  to  increase  this  latter  figure,  and  it  is  probable 
that  pressures  of  1501bs.  or  even  possibly  2001bs.  per  square 
inch  could  be  used,  especially  if  the  oil  tern  per  a  tit  re  does  not 
exceed  100°  to  110°  Fah.，  as  is  usual  in  marine  work. 

The  temperature  of  the  oil  is  limited  by  its  loss  of  viscosity 
at  high  temperature  (see  Fig.  4)，  and  by  its  liability  to 
carbonise  and  oxidise  and  thus  cause  deposit  in  the  pipes, 
oil  ways,  &c.  In  land  practice  temperatures  of  120°  to 
140°  Fall,  are  common,  but  it  is  not  well  to  go  above  150° 
or  160°  Fah -，  as  most  oils  seem  liable  to  oxidise  and  cause 
deposit  above  this  temperature.  At  about  250°  Fah .  most  oils 
cease  to  lubricate,  as  their  viscosity  becomes  too  low. 

Lasche's  tests  show  that  the  friction  is  approximately 
inversely  proportional  to  the  temperature  measureci  from 
freezing  point,  but  after  a  certain  temperature  the  friction 
rapidly  increases  and  seizing  takes  place,  due  to  the  loss  of 
viscosity.  In  all  high-speed  bearings  artificial  means  have  t o 
be  used  to  carry  off  the  heat,  radiation  from  the  bearings  not 
being  sufficient.  The  general  plan  is  to  have  such  a  flow  of 
oil  through  the  bearing  as  to  cause  the  heat  generated  to  be 
caiTied  away  without  an  undue  rise  of  temperature.  Water- 
jacketing  the  bearings  has  been  used  in  some  cases,  but  it  is 
not  as  satisfactory  in  general  as  the  plan  of  supplying  sufficient 
oil  to  carry  off  the  heat.  Oil  coolers  have  therefore  generally 
to  be  provided  to  cool  the  oil. 

In  some  cases  also  the  oil  is  circulated  round  the  outside  of 
the  bearing  in  suitable  passages  so  as  to  assist  in  cooling  it, 
and  this  is  probably  necessary  in  the  case  of  very  large 
bearings  running  at  high  surface  speeds.  The  heat  to  be 
removed  is  not  only  that  caused  by  friction,  but  also  t  hat 
caused  by  conduction  from  the  steam  ；  on  the  other  hand  the 
bearings  near  the  condenser  are  cooled  by  the  exhaust  steam 
and  heated  by  the  gl;ind  steam .  From  Lasche's  tests  the  lieat 
]>roducetl  in  l>ea rings  running  at  a  tt*ni})tM*at ure  of  about 
122°  Fah.  is  that  due  to  a  shear  of  the  oil  film  of  about  0'4Glb. 


per  square  inch  of  U"'  j*'('"'(J  area,  and  t  liis  ;'iv''>  u、  the 
H.T.U.  per  hour. 

B.T.U.  =  2'1  d.Lv. 

where  d  is  diameter  of  bearing  in  inclieB. 
/  is  len^'t li  of  hearing  in  inches. 
v  is  surface  velocity  in  feet  per  secon*! - 

The  constant  varying  inversely  as  the  teiupcral  un-  al*ov** 
freezing  point.  A  formula  which  has  been  oftfii  in 
marine  practice  is:  B.T.U.  =W.''.1EK.，  which  gives  sli^lit  ly 
greater  results  ior  the  usual  speeds  m  marine  work  and  an  oil 
temperature  of  about  100°  Fall.  It  may  be  taken  that  this  is 
； i])|>roxiinately  the  heat  that  has  to  be  carried  off  by  the  oil. 
Taking  the  specific  heat  of  oil  to  be  0  31  and  allowing  a  r 卜' - 
of  10°  Fah.  in  the  oil,  we  require  201bs.  or  about  one-third  of 
a  cubic  foot  of  oil  per  hour  per  square  inch  of  projected 
bearing  surface  when  the  surface  speed  is  30ft.  per  second  and 
401bs.  or  two-thirds  of  a  cubic  foot  of  oil  per  hour  with  a 
surface  speed  of  60ft.  per  second.  In  practice  these  quantit  its 
are  often  increased  by  from  30  to  50  per  cent,  to  allow  of  the 
unequal  distribution  of  oil  between  the  bearings  and  to  ensure 
that  there  is  no  undue  heating,  also  in  some  cases  to  allow  for 
the  flow  of  heat  from  the  steam. 

Ring  lubrication  was  experimented  on  by  Lasche,  but  the 
results  were  found  to  be  very  variable,  and  in  general  he  says 
that  the  tests  show  ring  lubrication  to  be  very  uncertain,  and 
that  it  should  not  be  used  in  cases  where  external  cooling  of 
the  oil  is  necessary. 

Thrust  bearings  are  generally  of  the  usual  collar  type,  wit  h 
the  bottom  and  top  halves  separately  adjustable  to  take  u]»  fii'j 
play,  and  in  land  turbines,  which  are  practically  balanced,  the 
pressures  are  very  low,  never  exceeding  201bs.  per  square  inch, 
and  even  in  marine  turbines  501bs.  per  square  inch  is  never 
exceeded.  There  are  no  tests  available  as  to  the  friction  of 
such  bearings,  but  it  is  probable  that  it  is  fairly  high,  as 
perfect  lubrication  is  difficult  to  attain,  and  as  an  approxima- 
tion the  total  area,  that  is,  the  area  of  the  top  and  bottom 
halves  together,  might  be  added  to  that  of  the  main  bearings 
in  estimating  the  quantity  of  oil  required  and  the  surface  of 
the  oil  cooler.  Such  bearings  have  generally  a  high  coefficient 
of  friction,  owing  to  the  low  pressures  employed,  since,  as  it  is 
impossible  for  a  wedging  action  to  take  place  and  thus  admit 
the  oil,  such  as  has  been  described  as  occurring  in  the  case  of 
journal  bearings,  the  lubrication  is  rarely  perfect.  Towers 
found  at  moderate  speeds  that  the  pressure  which  could  be 
safely  carried  was  about  601bs.  per  square  inch,  as  against 
6001bs.  in  a  journal  bearing,  and  that  the  shear  resistance  of 
the  oil  film  was  greater,  being  l*51bs.  per  square  inch,  this 
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Fig.  4. 


giving  about  16  times  the  coefficient  of  friction  for  a  t Inust 
bearing  as  for  a  journal  one. 

The  theoretical  consideration  of  the  conditions  neces>ai  v 
for  perfect  lubrication  as  set  out  in  Osborne  Reynolds'  Royal 
Society  paper  in  1886，  referred  to  above,  and  also  bis  own 
investigations,  led  Michel  1  in  1905  to  devise  a  thrust  bearing 
which  would  admit  of  perfect  lubrication  (see  patents  S7'>  of 
1905  and  8,885  of  1912).  In  this  thrust  bearing  there  are 
segmental  blocks  pivoted  at  the  theoretical  centre  of  pressure, 
which  is  about  0  6  of  the  length  from  the  leading  edge.  By 
this  device  perfect  lubrication  is  attained  and  pressures  up  to 
l,500Ibs.  per  square  inoli  ('an  be  safely  carried  at  hi^h 
velocities,  with  a  consequent  reduction  of  the  coefficient  of 
frictiou  to  about  ^th  of  what  it  is  in  an  ordinary  th lust 
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Fig.  5. 


reduce  the  consumption  of  steam  between  1  and  2  per  cent, 
in  a  turbine  plant.  Ferranti  (patent  5,035  of  1910)  has  also 
worked  on  the  same  lines,  as  well  as  Kingsbury  in  America 
(American  patent  947,242  of  1910),  and  there  are  full  details 
of  the  latter's  thrust  bearing  in  the  "  Journal  of  the  American 
Society  of  Naval  Engineers,"  November,  1912.  Fig.  5  shows 
a  thrust  bearing  of  the  Michell  type  designed  by  Mr.  H.  T. 
Newbigin  for  23,0001bs.  thrust  at  550  to  570  revs,  per  minute. 

In  the  U.S.S.  "  Neptune  •，  a  single  collar  13iin.  (Ham. 
carries  45,0001bs.  thrust  at  72ft.  per  second  mean  speed 
surface,  or  a  pressure  of  5001bs.  per  square  inch,  and  in  general, 
such  turbine  thrust  bearings  are  designed  for  about  5001bs. 
per  square  inch  at  60ft.  to  75ft.  per  second.  Much  higher 
pressures  can  be  safely  carried,  as  is  shown  by  some  tests 
carried  out  by  the  Westinghouse  Company,  where  pressures 
up  to  about  7,0001bs.  per  square  inch  at  54ft.  per  second  were 
carried  without  heating.    The  coefficient  of  friction  of  such  a 


The  blocks  were  steel  faced  with  white  metal  - ^in.  thick, 
and  were  pivoted  behind  their  centre  of  area,  and,  with  all 
the  blocks  in  use,  l，010!bs.  per  square  inch  was  carried 
without  heating.  As  this  was  the  limit  of  force  which  could 
be  applied,  the  number  was  first  reduced  to  four  blocks,  and 
then  to  two,  the  corresponding  pressures  per  square  inch  being 
respectively  2?6201bs.  and  5,4201bs.  per  square  inch,  which 
were  carried  without  difficulty.  Tlie  surface  was  then  reduced 
to  1'9  sq.  in.  and  the  pressure  rose  to  5，9101bs.  per  square  inch. 
It  was  further  reduced  to  1*2  sq.  in.  wiMi  a  pressure  of 
10，0001bs.  per  square  inch ,  but  here  the  white  metal  flowed  iu 
all  directions  until  the  area  was  increased  so  that  the  pressure 
was  reduced  to  7,0001bs.  per  square  inch,  but  no  heating 
occurred . 

It  is  worth  noting  that  tlie  white  inei al  (lowed  equally  i u 
all  directions,  irrespective  of  the  direction  of  rotation.  It  is 
thus  seen  that  the  limit  of  pressure  with  such  a  bearing  is  the 


beariuir  Another  advantage  is  that  the  end  play  in  the 
thrust  bearing  can  be  greatly  reduced.  The  same  idea  has 
been  further  developed  by  Sir  Charles  Parsons,  K.C.B., 
F.R.S.,  in  patent  8,266  of  1912，  where  the  blocks  are  centrally 
pivoted,  and  it  has  been  found  that  in  cases  where  the  pressure 
comes  on  gradually  this  works  equally  well  in  practice,  and 
has  the  advantage  that  the  shaft  may  run  in  either  direction 
without  the  complication  of  shifting  the  point  of  support. 

These  principles  have  also  been  applied  to  journal  bearings 
by  Michell  (patent  23,496  of  1911)  and  Sir  Charles  Parsons 
(patents  8,266  of  1912，  29,810  of  1912，  953  of  1913，  and  5,619 
of  1913),  enabling  greatly  increased  pressures  to  be  used,  witli 
a  resultant  reduction  of  the  coefficient  of  friction  and  also  a 
large  reduction  in  the  length  of  the  bearings,  and  thus  of  the 
whole  plant.      The  reduction  of  friction  may  in  some  cases 


bearing  may  be  from  0.0008  to  0*003，  and  for  such  a  pressure 
as  5001bs.  per  square  inch  may  be  safely  taken  as  about  0*002, 
or,  say,  one-tenth  to  one-fifteenth  of  that  of  an  ordinary 
thrust  bearing. 

The  Westinghouse  Company  of  Pittsburg  made  an  inter- 
esting set  of  tests  on  such  a  thrust  bearing  for  a  steam  turbine, 
the  pressure  being  varied  by  throttling  the  balancing  pipe  to 
the  dummy  piston.    The  following  are  the  particulars  of  this 


bearing : — 

Outside  diameter  of  collar  4^iji. 

Inside  diameter  of  collar  2^in. 

Number  of  pivoted  blocks  10 

Total  area  of  pivoted  blocks  10'4  sq.  in. 

Revolutions  per  minute  3,470 

Mean  surface  speed  54ft.  per  second. 
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flowing  of  the  white  in  el  a  1  ； uul  not  the  Caihu'c       tlic  lul>ri<-a 
tion,  and  thai  with  pressures  of  5001hs.  per  stjuare  inrli  t  here 
is  an  enormous  m;u'giii  of  sa (Vt y,  <i ixl  ii  is  pi'oha l>Ic  1       t  hrcr 
times  this  pressure  will  be  found  quite  safe  in  practice. 


THE  USE  OF  DRY  AIR  IN  THE  BLASTFURNACE.^ 

IiY  II.  G.  GIKVIN. 

Tin-;  average  amount  of  moisture  in  t he  air  at  our  Hamilton 
Works,  where  the  dry  blast  plant,  is  located,  was  :;+ir)'」  grains 
per  cubic  foot  for  the  year  1 1)  I  2 ,  and  slight  ly  higher  t'oi-  1!)1:;， 
about  3*25  grains  per  cubic  foot .  These  data  are  obtained 
by  averaging  hourly  determinations  during  t lie  whole  year. 
Assuming  a  daily  average  content,  of  3'152  grains  of  moist  urc 
per  cubic  foot  and  50,000  cub.  ft.  of  air  per  minute,  we  iind 
that  we  are  blowing  into  our  i'ui'naces  a.  lit  tle  more  t  lian 
1  G  tons  of  water  vapour  in  1M  hours.  Of  course,  in  t  he  summer 
months  t  lie  moisture  contaiiUHl  in  t  lie  air  is  much  liiglier  1  lian 
in  t.he  winter  time,  and  we  frequently  extract  as  much  as 
33  to  35  tons  of  water  iit  one  day.  Our  best  record  has  been 
the  extraction  of  39*9  tons  in  24  hours.  Briefly,  our  system  is 
to  reduce  the  temperature  of  the  air  to  32°  Fah.  by  means  of 
cooled  brine,  and  then  to  cool  the  air  further  to  from  0°  to  5° 
Fall.  In  the  summer  about  two-thirds  of  the  moisture  is  ex- 
tracted in  the  first  stage  of  the  process,  and  in  the  second  stage 
the  percentage  of  moisture  can  be  reduced  to  any  desired  limit . 
The  following  is  a  description  of  the  units  in  the  dry-blast 
system,  as  installed  at  the  Hamilton  Works  of  the  Steel  Com- 
pany of  Canada,  Ltd. 

The  compression  side  of  this  plant  consists  of  three  hori- 
zontal machines,  twin  cross-compound  type  (De  La  Vergne 
pattern).  Each  machine  has  one  high-pressure  horizontal 
steam  cylinder  24in.  diam.  and  33in.  stroke,  and  one 
low-pressure  horizontal  steam  cylinder  48in.  diam.  and 
33in.  stroke,  with  long-range  Corliss  automatic  cut-off  and 
governor.  The  high-pressure  side  is  designed  to  withstand  a 
pressure  of  1501bs.，  and  the  low  side  a  pressure  of  501bs.  per 
square  inch  above  the  atmosphere  with  safety  and  without 
undue  heating. 

The  engines  will  work  the  compressors  with  maximujn 
economy  at  normal  speed  of  65  revs,  per  minute  under  the 
following  conditions  :  Discharge  pressure,  1501bs.  per  square 
inch  above  atmosphere  ；  suction,  171bs.  per  square  inch  above 
atmosphere  ；  steam,  1251bs.  per  square  inch  above  atmos- 
phere ； vacuum,  24in.  mercury  in  exhaust  pipe. 

When  running  non-condensing  the  engines  will  make 
65  revs,  per  minute  under  the  following  conditions :  Dis- 
charge pressure,  1901bs.  per  square  inch  above  atmosphere  ； 
suction,  171bs.  per  square  inch  above  atmosphere  ；  steam, 
OOlbs.  per  square  inch  above  atmosphere. 

The  ammonia  compressors  have  a  refrigerating  capacity  of 
300  tons  each  under  the  above  conditions,  and  consist  of  two 
watev-jacketed  horizontal  double-acting  compressors  18 jin. 
diam .  and  33in.  stroke  ；  they  have  been  tested  to  a  hydro- 
static pressure  of  5001bs.  per  square  inch  and  are  absolutely 
gas  tight.  The  ammonia  condensers  (De  La  Vergne  type)  are 
of  the  double-pipe  surface-condensing  variety,  consisting  of 
78  stands  containing  12  double  pipes  each,  and  are  arranged 
and  connected  in  three  units,  each  having  26  stands,  the  pipes 
being  2in.  and  l^in.  respectively-  The  total  weight  of  these 
condensers  is  125,4001bs.,  and  the  total  effective  cooling 
surface  is  6,270  sq.  ft.  This,  of  course,  represents  the  outer 
surface  of  the  1  jin.  pipe,  as  the  2in.  pipe  carries  the  ammonia  - 
The  ammonia  condensers  are  of  sufficient  size  to  condense 
enough  ammonia  to  cool  1,908  U.S.  gallons  of  brine  per 
mimite  from  1 7°  Fah.  to  7°  Fah.,  when  working  in  connection 
witli  the  other  units  and  with  condensing  water  at  a  tempera- 
ture of  80°  Fah.  and  a  condensing  pressure  of  1901bs.  per 
square  inch.  This  is  equivalent  to  678  refrigerative  tons  per 
24  hours. 

The  annnoina  receivers,  of  which  there  are  six,  are  made  of 
wrought  irou,  each  being  12ft.  long  and  15in.  diam.,  tested  to 
1 ,0001bs.  pressure.  They  are  horizontal,  and  receive  the 
anniionia  tVom  the  condensers.  There  it  is  carried  into  t lie 
bottom  of  the  brine  coolers,  which  are  large  insulated  tanks 
containing  the  brine  coils.  The  liquid  ammonia  is  passed  in 
through  an  expansion  valve  and  the  tank  is  filled  to  within 
about  a  foot  of  the  top.  The  compressor  pumps  the  gasified 
annnonia  from  the  top  of  these  tanks  at  a  j>ressure  of  1  Tibs. 

*  rapor  read  boforo  the  Cauudian  section  of  the  Society  of  Chcinical  Indvistry. 


Cgauge  pressure)  and  delivers  it  to  the  condensers  again,  still 
in  the  form  of  gas,  at  a  pressure  frofn  HH)lbs.  t(,  1901bs., 
thereby  making  a  complete  cycle. 

The  brine  coolers  are  of  ，l"'  Ishell-Porter  sliell  type  ； ui'l 
are  four  in  number,  each  with  a  riveted  steel  bIu-11  Vii: 
diam.  and  12ft.  lon^,  dosed  with  cast-iron  dislied 
and  supported  on  cast-iron  coluiims.  Kach  cooler  has  sul，i'  i，  iit 
】|in.，  1  iin.,  and  2in.  double-wound  pipe  coils  of  extra  li'  ;"', 
wrouglit-iron  ])ipe  to  aggregate  a  cooling  surface  of  ahout 
10,000  sq.  ft.  for  the  four  cooleis.  Each  coil  projcri  、 
through  stufiing-boxes  well  secured  at  each  end,  and  asscmhlcrj 
in  junction  boxes  at  the  top  and  bottom .  All  (  ooIm  、  ；,  i' 
thoroughly  insulated.  They  have  sufficient  capacity  lo  f-ool 
1,908  U.S.  gallons  of  brine  per  minute  from  17°  Fah.  to 
7°  Fah.  when  operating  witli  o\  her  parts  of  the  refrige- 
rating apparatus  with  ammonia  suction  pressure  of  171l，s. 
square  incli.  The  total  weight  of  the  four  coolers  is 
145,0001bs.,  and  the  brine  referred  to  is  calcium  rlilun 小： 
brine  with  a  specific  gravity  of  121  and  a  specific  heat  nt  "7". 

To  circulate  the  brine  we  have  four  steam  pumps.  Three 
of  these  are  of  the  cross-compound  crank  and  flywheel  t  vpe 
with  a  capacity  of  700  galls,  per  minute  each,  and  the  fourtli 
one  is  of  the  duplex  compound  type,  with  a  capacity  of 
1,000  galls,  per  minute.  We  also  have  two  fans,  one  at  each 
end  of  the  building,  to  draw  the  outside  air  into  the  building 
and  over  the  brine  coils  at  a  slight  increase  in  pressure.  These 
are  driven  by  vertical  steam  engines,  and  each  fan  has  ； i 
capacity  of  40,000  cub.  ft.  per  minute. 

The  brine  pumps  force  the  brine  through  the  coils  in  t  Ix- 
brine  coolers,  where  it  is  cooled  by  the  evaporating  armnouia 
to  the  temperature  required,  and  then  to  the  brine  coils  in  the 
refrigerating  room  proper  where  these  are  located .  The  i'i|,,'、 
in  this  part  of  the  building  are  made  of  2in.  lap-welded  iron 
pipe,  each  length  of  pipe  20ft.  long  plus  the  return  bends,  and 
if  placed  in  one  line  would  stretch  40  miles.  These  pipes  have 
a  cooling  surface  of  132,000  sq.  ft. 

The  oiling  system  in  connection  with  these  machines  is  ol 
the  gravity  feed  type,  with  water  separators  and  Burt 
filters.  This  plant  has  run  on  40  galls,  of  engine  oil  for  over 
13  months,  and  will  easily  exceed  this  record. 

The  air,  which  has  now  passed  completely  through  tlie 
system,  is  delivered  to  the  blowing  engines  at  a  moisture 
content  of  about  0*85  grain  per  cubic  foot,  and  a  temperature 
of  about  20°  Fah.  Both  temperature  and  water  vapour  can 
be  controlled  to  a  nicety,  thereby  eliminating  the  one  great 
variable  in  the  ruuning  of  blastfurnaces. 

We  find  in  practice  that  the  actual  saving  in  fuel  is  far 
greater  than  can  be  shown  by  calculation.  This  may  l»o 
accounted  for  in  several  ways.  The  temperature  of  the  top 
gases  is  greatly  reduced,  the  loss  of  stock  in  the  form  of  t\ue 
dust  is  materially  lessened,  and  figuring  per  unit  of  produc  t  ion 
the  amount  of  coke,  stone,  and  air  charged  is  much  less  ； 
therefore  the  capacity  of  the  stoves,  blowing  engines,  cVc,  i、 
correspondingly  increased,  and  the  working  capacity  of  the 
furnace  is  also  increased,  giving  a  greater  production.  Ac- 
cording to  our  records,  we  are  producing  more  iron  with  less 
coke  consumption  than  we  did  when  running  under  tlie 
conditions  of  natural  air.  I  have  taken  averages  for  a  wliole 
year  in  each  case,  and  for  the  sake  of  comparison  have  used 
the  records  showing  the  best  results  during  the  last  six  years, 
for  a  single  year  under  both  dry  and  natural  blast. 

On  basic  iron  our  furnace  A  produced  in  1913  about 
16  per  cent .  more  iron  with  12  per  cent,  less  coke  than  it  did 
in  1907，  which  was  the  best  year  under  natural  blast  ；  an<l  our 
furnace  B,  making  foundry  iron,  produced  22' 3  per  cent .  more 
iron  in  1913  with  2*7  per  cent,  less  coke  than  in  1908，  which 
was  the  best  year  under  natural  blast. 

One  peculiar  factor  in  the  dry  blast  plant  is  tliat 
occasionally  in  winter,  when  the  temperature  falls  to,  say. 
10°  or  15°  below  zero,  the  moisture  in  the  outside  air  is 
lower  than  we  require,  and,  therefore,  as  we  prefer  to  ha \  c  a 
constant  rather  than  an  extremely  low  moisture  content,  、v(' 
sometimes  run  the  dry  blast  plant  backwards,  and  add  to  the 
original  percentage  of  moisture.  Ordinarily  we  keep  the 
moisture  content  in  the  dried  air  unifcrnilv  between  0*80  and 
0  90  grain  per  cubic  foot.  For  instance,  on  February  12, 
1914,  the  temperature  of  the  outside  air  was  r)  Fab.  l>elow  zero 
and  the  moisture  content  was  02  grain  per  cubic  foot.  This 
air  was  delivered  to  the  furnace  at  a  temperature  of  1 1'-  Fiili. 
with  moisture  at  0*76  grain.    To  do  this  it  was  necessary  tu 
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add  to  the  blast  5，5571bs.  of  moisture  in  the  24  hours.  This 
was  accomplished  by  passing  10  per  cent,  of  the  first-stage 
brine  circulation  through  a  closed  coil  steam  heater  and 
keeping  the  first-stage  brine  at  a  temperature  of  20°  Fall. 
Cold  dry  air  from  the  outside  was  warmed  in  passing  the  first- 
stage  coils  and  rapidly  absorbed  moisture  by  sublimation  of 
the  snow  on  the  second-stage  coils.  Regulation  of  the  moisture 
can  be  effected  in  this  manner  as  long  as  any  snow  remains  on 
the  second-stage  coils. 

Thus,  as  the  records  show,  there  has  been  a  general 
improvement  in  amount  of  product,  also  from  cast  to  cast  the 
chemical  composition  of  the  metal  produced  is  more  uniform, 
and,  lastly,  this  has  been  accomplished  with  less  fuel  per  ton 
of  product  under  the  conditions  of  dry  blast  as  compared  with 
that  of  natural  air. 


TOOL  AND  TOOL  HOLDER  FOR  LATHES. 

The  accompanying  illustrations  show  a  novel  design  of  tool 
holder  and  cutter  for  lathes  and  other  machine  tools,  the 
joint  invention  of  Mr.  D.  Richards,  165，  Bexley  Road, 
Northumberland  Heath,  Belvedere,  Kent,  Mr.  H.  R.  Gray- 
son, and  Mr.  C.  L.  E.  Melsom.  J  is  a  parallel  slot  at  the 
end  of  tool  holder  A,  in  which  slot  is  mounted  the  tool  C 
together  with  the  hardened  roller  casing  B  which  is  recessed 
with  a  series  of  inclined  transverse  grooves  K,  in  each  of 
which  is  mounted  a  roller  D  and  a  flat  bent  spring  E  with 
V-pointed  ends.  On  either  side  of  the  slot  J  is  a  small 
V-groove  F  in  which  the  reduced  ends  of  the  rollers  D  ； uid 
springs  E  move  freely,  these  grooves  being  provided  in  order 
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to  prevent  the  displacement  of  the  rollers  and  springs.  The 
springs  E  press  the  rollers  D  towards  the  narrow  ends  of 
their  slots  and  consequently  into  contact  with  the  back  of  the 
tool  C.  At  the  back  of  slot  J  is  a  semi-circular  recess  N  for 
the  reception  of  the  corresponding  projection  G  at  the  back 
of  the  casing  B,  which  recess  and  projection,  together  with 
the  grub  screws  H，  taking  into  the  holes  or  recesses  R，  hold 
the  race  in  position.  The  rollers  D  are  adapted  to  move 
freely  in  the  grooves  K，  and  the  springs  E  act  on  the  rollers 
D  in  such  a  manner  as  to  force  the  latter  towards  the  narrow 
ends  of  slots  K  and  against  the  back  of  the  tool  C，  thereby 
locking  the  tool  against  the  pressure  of  the  work.  The  tool 
C  can  only  be  removed  from  the  holder  in  one  direction ― that 
is,  from  back  to  front  ；  while  the  tool  can  only  be  inserted 
from  the  back. 
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meeting  of  this  Section  was  held  at  the  Municipal  School  of 
Technology,  Manchester,  on  the  17th  inst.，  when  a  paper  was 
read  by  Mr.  J.  H.  Lester,  M.Sc.，  on  "  Motor-cars  Ancient  and 
Modern."  The  author  described  some  of  the  earliest  known 
types  of  autocars,  and  commented  on  the  retrograde  effect  of 
the  Act  of  Parliament  limiting  their  speed  to  walking  pace. 
Afterwards  various  designs  of  modern  cars  were  explained  and 
criticised,  high  tribute  being  paid  to  Lanchester  for  his 
scientific  pioneering.  Carburetter  troubles  were  dealt  with  at 
some  length,  and  gear  boxes  forcibly  dilated  upon  from  a  true 
engineering  standpoint.  A  number  of  lantern  slides  were 
exhibited,  enabling  the  author  to  demonstrate  his  points 
very  lucidly. 


LIGHTNING  CONDUCTORS  AND  THEIR  TESTS, 

BY  F.  H.  TAYLOli. 

The  generally  accepted  opinion  is  that  lightning  discharges 
are  of  two  distinct  kinds,  na】ned  by  Sir  Oliver  Lodge  the 
" A  '，  flash  and  the  "  B  ，，  flash  respectively.  The  "A" 
flash  is  simple  in  character  and  consists  of  a  discharge  between 
an  electrically-charged  cloud  which  is  approacliing  the  surface 
ot  the  earth  without  any  intermediate  cloud  intervening.  The 
path  of  the  "  A  "  flash  is  more  or  less  prepared  by  tlie  electro- 
static conditions  of  the  case,  and  it  is  said  to  strike  pointed 
conductors  in  preference  to  others.  The  ''  B  ，，  flash  is  a  dis- 
ruptive discharge  of  great  suddenness,  aud  arises  where 
another  cloud  intervenes  between  the  cloud  carrying  the 
primary  charge  and  earth,  the  two  clouds  acting  like  a  con- 
denser. The  Lightning  Research  Committee  of  1905  reported 
that  "  when  a  discharge  from  the  upper  cloud  takes  place 
into  the  lower  cloud  the  free  charge  on  the  earth  side  of  the 
lower  cloud  is  suddenly  relieved,  and  that  the  disruptive  dis- 
charge from  this  to  the  earth  takes  such  an  erratic  course 
that  no  series  of  lightning  conductors  of  the  then  hitherto 
recognised  type  suffice  to  protect  the  building."  It  should 
be  noticed  that  flashes  of  the  simple  ((  A，，  type  are  subject 
to  what  I  would  call  "  splashes/'  or，  as  some  authorities  call 
them,  "  lateral  discharges."  In  a  case  I  kuow  of  in  South 
Africa,  the  veranda  (or  as  it  is  there  called  the  "  Stoep  ') 
has  several  electric  light  cord  pendants.  These  are  con- 
tinually failing.  This  failure  is  not  due  to  attack  by  rain  or 
moisture,  but  my  own  feeling  is  that  miniature  lightning 
discharges  are  responsible. 

Lightning  discharges  are  sometimes  quite  silent,  aud  beiug 
so  may  pass  unobserved.  I  well  remember  some  overhead 
electric  lighting  conductors  erected  under  my  supervision 
in  the  grounds  of  a  building  placed  on  very  high  ground  on 
the  outskirts  of  one  of  our  home  counties.  I  had  lightning 
arresters  attached  to  these  where  they  entered  the  premises. 
Curiously  enough,  during  the  first  summer,  although  several 
severe  storms  occurred,  nothing  observable  happened.  During 
the  second  summer,  however,  when  everyone  agreed  that  no 
storms  had  been  noticed,  one  after  another  my  lightning 
arresters  gave  evidence  of  having  received  discharges — 
apparently  silent  ones.  Lightning  is  stated  by  many  authori- 
ties to  act  like  weak  human  nature,  and  to  select  the  path  of 
least  resistance.  But  what  forms  the  path  of  least  resistance ~ 
the  lightning  alone  decides. 

Protection  against  the  "  A  "  type  of  flash  is  fairly  easy, 
and  it  is  considered  that  the  ordinary  system  of  conductors, 
when  properly  constructed  and  maintained,  is  reasonably  safe. 
Discharges  of  the  "B"  type  involve  more  complex  treat- 
ment, and  in  the  words  of  tlie  Lightning  Research  Committee, 
1901-5,  "  absolute  protection  can  only  be  assured  by  a  com- 
plete wirework  enclosure,  in  fact,  of  the  nature  of  a  bird 
cage."  In  any  case,  the  extent  to  which  a  building  shall  be 
protected  and  the  cost  of  such  protection  usually  has  to  bear 
a  certain  relation  to  the  importance  and  the  first  cost  of  the 
building  itself.  Unfortunately,  the  lightning-conductor 
work  of  most  buildings  is  treated  with  an  indifference  as  dan- 
gerous as  it  is  unjustifiable.  The  specification  for  a  building 
costing,  perhaps,  £10,000  to  £12，000  will  sometimes  dismiss 
the  whole  matter  by  merely  stating  * '  allow  £10  per  cent, 
value  for  lightning  conductor."  With  su.cli  a  delightful 
amount  of  detailed  description  it  is  not  surprising  that  any 
sort  of  job  forms  that  so-called  lightning-conductor  system 
― often  put  up  by  people  quite  ignorant  of  the  work,  and 
utterly  careless  of  the  possible  consequences  of  their  ignorance. 
It  is  indeed  regrettable  that  insurance  companies  have  not 
so  far,  by  united  action,  found  it  possible  to  insist  upon  both 
adequate  protection  and  maintenance.  A  public  building 
which  cost  £125,000  to  erect  came  under  my  care.  On 
examining  and  testing  the  lightning  conductors  I  found  each 

*  Abstract  of  i)apei.  road  before  the  Juuior  Iustitutiou  of  Engineers,  March 
13th,  1914. 
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one  absolutely  useless  as  well  as  being  a  definite  source  of 
danger. 

Briefly  put,  any  lightning-conductor  system  comprises  :  ( I ) 
The  air  terminal,  consisting  of  what  is  called  the  "  elevation 
rod,"  the  top  of  which  is  provided  with  one,  three,  four,  or 
even  five  points;  (2)  the  conductor,  from  tlie  elevation  rod  to 
the  ground,  with  branch  conductors  from  other  parts  of  the 
building,  or  from  the  metal  work  of  the  structure,  such  as 
gutters,  stack-pipes,  metal  roofing,  &c;  and  (3)  the  earth 
coiniectioii. 

The  metal  most  commonly,  in  fact,  almost  universally, 
used  is  copper,  in  the  form  of  copper  tape  from,  say,  l^in.  by 
^in.,  down  to  .Un.  by  Iron  is  electrically  efficient,  but 

is  more  subject  to  corrosion  and  nob  so  easily  fitted  into  posi- 
tion. As  to  the  design  of  the  conductor  system,  this  can  only 
be  settled  when  the  design  of  the  building,  including  its  chim- 
neys, turrets,  gables,  ridges,  roofing  material,  &c.，  is  known, 
and  seine  consideration  inust  also  he  had  for  it:、  guu、r;il  sit  na- 
tion. For  rough  guidance,  however,  a  few  general  first  prin- 
ciples may  here  be  given  ：  (1)  Conductors  should  run  in  as 
direct  a  line  to  earth  as  possible.  Some  persons  pre- 
fer to  keep  them  a  certain  distance  from  the  wall. 
This  has  the  advantages  of  avoiding  an  accumula- 
tion of  dirt  and  also  avoiding  sharp  bends  when 
crossing  over  cornices,  &c.  (2)  Vertical  rods  should  pre- 
ferably be  connected  by  horizontal  conductors  fixed  to  ridges 
or  other  suitable  part.  (3)  Roof  metal-work,  <ic.，  should  be 
connected  to  the  system.  (4)  Chimneys  should  be  protected 
as  being  specially  liable  to  be  struck,  owing,  of  course,  to  tlie 
column  of  hot  gases  which  are  good  conductors,  the  carbon 
lining  to  the  chimney  in  the  form  of  soot  and  the  mass  of 
nietalwork  at  the  base,  in  the  form  of  a  stove.  (5)  Any 
joints  in  conductors  should  be  both  soldered  and  screwed 
together.  (6)  Conductors  should  be  kept  as  much  away  from 
interior  gas  pipes  or  electric  pipes,  &c,  as  possible.  (7)  Simi- 
lar nietals  should  be  used  throughout,  the  holdfasts  should 
be  of  gun  metal,  and  screws  or  rivets,  &c -，  of  copper.  (8) 
Long  runs  along  ridges,  &c"  should  preferably  have  more 
than  one  elevation  rod,  say,  at  least  one  at  each  end,  several 
short  points  along  a  ridge  being  better  than  a  few  tall  ones. 

The  earth  connection  of  any  lightning-conductor  system, 
however  simple  that  system  may  be,  is  of  the  very  utmost 
importance,  and  if  it  be  inefficient  the  whole  system  may  be 
regarded  more  as  a  danger  than  as  a  protection.  The  matter 
of  obtaining  a  good  earth  connection  is  mainly  a  question  of 
surface  contact  between  the  conductor  and  moist  earth.  A 
moderate  amount  of  resistance  (ohmic  resistance)  is  not  harm- 
ful, in  fact  may  be  otherwise.  The  mere  fact  of  taking  the 
conductor  into  moist  earth,  or  even  into  water,  does  not  neces- 
sarily form  a  good  earth  connection  unless  there  is  a  consider- 
able area  of  contact.  The  usual  method  of  forming  an  earth 
connection  is  by  means  of  a  copper  plate.  The  thickness  is 
not  important  provided  it  is  sufficient  to  withstand  oxidisa- 
tion. A  plate  measuring  30in.  by  30in.  by  ^in.  would  be 
more  efficacious  than  one  12iu.  by  12in.  by  iin.,  although  the 
latter  gives  72  cub.  in.  of  copper  as  against  56  cub.  in.  of  the 
former.  The  copper  tape  conductor  should  be  well  connected 
to  the  plate,  preferably  riveted  as  well  as  soldered,  and  the 
soldered  joint  pointed  over  to  retard  electrolytic  action. 
Many  people  bury  the  plate  horizontally  ；  personally,  I  always 
make  the  interment  vertically.  The  earth  connection  should 
always  be  kept  well  away  from  the  building  and  also  well 
away  from  gas  mains. 

It  is  absolutely  necessary  that  the  earth  connection  should 
be  kept  fairly  moist  so  as  to  allow  the  resistance  to  remain 
moderate  in  value.  It  is  usual  to  bury  a  quantity  of  broken 
coke  or  cinders  with  the  plate,  with  a  view  to  retaining  the 
moisture.  If  either  material  be  used  it  must  be  thoroughly 
washed  so  as  to  get  rid  of  any  sulphur  present  which  would 
destroy  the  copper.  There  are,  of  course,  cases  which  some- 
times arise  where  to  bury  a  copper  plate  in  the  ground  is  to 
invite  certain  failure.  In  the  neighbourhood  of  certain  fac- 
tories (tar  or  creosoting  works,  &c.)  the  soil  is  found  saturated 
with  ammonia,  which  is  destructive  to  copper. 

To  facilitate  discharge  into  the  general  mass  of  earth  saw- 
tooth points  to  the  plate  are  sometimes  used.  A  special  type 
of  earthing  plate  adopted  by  the  London  County  Council  is 


to  the  following  specification  ：  il  To  be  of  copper  /..in.  S.W.O. 
tape  riveted  and  soldered  the  full  length  of  the  plate,  joints 
washed  of  acid  and  protected  hy  thick  coat  of  tar.  K"(  li  \>\n\o 
to  have  four  rows  of  triangular  tongues  formed  out  ot 
plate  itself ― two  rows  of  six  and  three  inner  rows  of  five 
each,  so  that  tips  of  tongues  in  adjacent  rows  point  in  oppo- 
site direction,  each  tongue  being  3in.  long  and  tapering  I rorn 
2in.  to  a  point.  Tongues  to  be  hcut  at  right'  an^l ('-  and  to 
point  upwards  when  the  earth-plates  are  laid  in  position." 
The  loose  earth  or  wood  charcoal  to  be  filled  in  and  well 
rammed  on  top  of  the  plate.  This  plate  possesses  the  charac- 
teristics of  the  one  proposed  by  Sir  Oliver  Lodge  in  coiuicf 
tion  with  Elan  Valley  Waterworks. 

The  difficulty  of  keeping  the  eartli  connection  rnoist  is  in 
some  cases  a  very  real  one ~ of  course,  if  a  pond,  lake,  or  ri、  '  r 
can  be  utilised  it  is  excellent,  provided  the  plate  is  kept  free 
from  mechanical  injury,  and  that  you  do  not  one  day  find 
yourself  with  only  the  end  of  the  tape  left.  In  orck  r  to 
facilitate  the  provision  of  a  proper  earth  terminal  the  patent 
tubular  earth  has  been  designed  by  Mr.  Killin^wortli  11'  "— ''■ , 
M.Inst.C.E.,  M.I.E.E.  This  mainly  consists  of  three  parts  ； 
the  upper  for  connecting  to  the  copper  tape  or  cable,  and  ； il—u 
to  a  rain-water  pipe  ；  the  lower  end,  which  forms  the  actual 
earth  and  which  is  fitted  with  a  steel  spike  for  driving  into 
the  soil,  and  a  removal  cap  for  marking  the  position  of  the 
earth  in  the  ground. 

It  not  infrequently  happens  that  the  earth-plate  originally 
installed  on  a  job  has  failed,  and  that  for  various  reasons 
another  cannot  be  sunk.  In  this  case  a  live  water-main  makes 
an  excellent  and  a  lasting  earth  contact,  care  being  taken,  of 
course,  that  the  connection  between  the  tape  and  the  pipe  is 
properly  made.  Such  connection  will,  of  course,  be  external 
to  the  building. 

The  inspection  and  testing  of  a  lightning  conductor  after 
it  has  once  been  installed  is  mostly  conspicuous  by  its  absence, 
and  this  is  undoubtedly  the  cause  why  accidents  from  light- 
ning are  often  reported  to  have  occurred  to  buildings  that  liavo 
been  believed  to  be  protected  by  conductors.  It  is  not  simply 
a  case  of  "  out  of  sight ― out  of  mind."  It  is  open  neglect. 
The  reasons  which  call  for  regular  inspection  and  test  are 
obvious.  The  air  terminals  are  the  most  exposed  part  of 
the  structure  and  acted  on  by  wind  and  weather,  and  addi- 
tionally, in  towns,  by  uncertain  and  corrosive  impurities  in 
the  air  ；  the  air  terminals  cannot  be  made  unduly  large  with- 
out being  unsightly  ；  very  acute  bends  in  the  tape  are  often 
most  wrongly  insisted  upon ― purely  for  the  sake  of  appear- 
ance—— which  seems  to  count  for  more  than  safety  ；  decay  of 
the  earth-plate  may  arise  when  least  suspected,  and  particu- 
larly disconnection  just  above  the  ground  line.  The  tests 
which  should  be  made  should  show  tlie  conductor  to  be  con- 
tinuous from  air  to  earth,  and  to  possess  a  sufficient  lowness 
of  resistance  to  earth,  so  that  it  may  be  considered  reasonably 
safe  for  conducting  away  a  discharge  into  the  earth. 

Methods  of  testing  T  will  divide  under  two  heads :  (a)  The 
bell  test,  which  merely  shows  continuity  or  otherwise  ；  and 
(b)  measurement  of  resistance  test.  The  first  method  is  of 
little  or  no  service  whatever,  though  it  is  useful  as  a  pre- 
liminary. The  measurement  of  resistance  is  mostly  made  by 
some  form  of  Wheatstone  bridge,  the  most  usual,  perhaps, 
being  an  ordinary  P.O.  bridge  worked  with  a  few  dry  cells. 
People  who  only  test  jobs  situated  right  out  in  the  open 
country  swear  by  this  metliod.  If  they  had  to  test  in  a  very 
congested  town  district,  as，  for  instance,  in  some  parts  of 
London,  they  would  then  swear  at  it.  The  prevalence  of 
" earth  currents,"  due  to  countless  telephone  and  similar 
circuits,  has,  within  my  experience,  made  this  type  of  appara- 
tus very  troublesome,  and  in  some  cases  impossible  to  work 
with.  A  modification  of  this  apparatus  is  the  "  Magneto- 
inductor  Bridge,"  manufactured  by  Siemens  Bros.  &  ('。  ， 
Ltd.  Another  method  I  have  used  with  great  success  in 
congested  districts  infested  with  earth  currents  is  to  pass  a 
good  current  (measured)  through  the  conductor  and  earth, 
and,  observing  the  drop  in  volts,  calculate  the  resistance  from 
the  known  quantities.  For  this  purpose  I  have  used  a  4 -volt 
accumulator  good  enough  for  anv  discharge  up  to,  say,  60  or 
70  amperes.  In  this  way  you  can  readily  obliterate  other 
people's  earth-currents,  and  thus  carry  out  reliable  tests. 
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THE  USE  OF  SUPERHEATERS  AND  SUPERHEATED  STEAM  IN 
MERCANTILE  STEAMERS.* 

BY  HARRY  GRAY. 

The  re-introduction  of  superheaters  in  boilers,  and  the  use 
ot"  superheated  steam  in  engines  of  the  mercantile  marine, 
has  been  brought  about  by  continuous  research  together  with 
costly  experiments,  by  the  greater  knowledge  obtained  in  the 
process  of  making  and  amalgamating  metals,  by  the  improve- 
ments in  the  manufacture  of  such  metals  into  tubes  and  other 
suitable  forms,  by  the  introduction  of  oxy-acetylene  and 
electric  welding,  by  the  preparation  of  lubricating  oils  for 
use  under  high  temperatures,  together  with  a  mass  of  data, 
the  result  of  years  of  experimenting  and  investigation,  and 
which  has  now  been  put  to  the  crucial  test  of  practical 
working. 

Superheaters,  when  introduced  into  marine  boilers  some 
70  years  ago,  developed  rapid  deterioration,  producing  such 
a  heavy  bill  for  repairs  and  renewals  that  they  were  regarded 
as  too  costly,  not  to  say  dangerous,  for  use  on  board  a 
steamer,  and  it  is  possible  that  the  experiences ,  and  the 
troubles  which  then  developed  have  contributed  to  the 
extreme  caution  exhibited  by  many  engineers  and  steamship 
owners  in  considering  the  pros  and  cons  of  the  use  of  super- 
heaters and  superheated  steam  to-day.  In  the  "  Mechanics' 
Magazine  "  of  April,  1861,  appears  an  article  on  "  Super- 
heated Steam,"  which  is  a  most  interesting  record  of  what 
may  be  considered  the  last  serious  effort  to  give  a  superheat 
to  steam  for  use  in  steamers,  and  the  following  extracts  are 
taken  therefrom  : — 

" Mr.  Thomas  Howard  is  credited  with  establishing  the 
fact  that  great  economy  might  be  effected  by  the  principles 
of  superheating  in  about  the  year  1833，  and  that  Dr.  Hay- 
croft  shortly  afterwards  urged  its  application  on  the  ground 
that  it  would  effect  a  saving  of  30  per  cent,  in  fuel. 

" The  (  Prince  Alfred/  of  200  h.p.,  belonging  to  the  Inter- 
Colonial  Royal  Mail  Company,  is  stated  as  being  '  the  first 
sea-going  vessel  working  with  unmixed  superheated  steam 
and  fitted  with  Partridge's  system.' 

" Other  vessels  mentioned  are  the  '  Damascus/  of  200  h.p., 
the  consumption  per  indicated  horse-power  being  reduced  to 
3】bs.  In  the  Tyne  a  vessel  of  400  h.p.  was  fitted,  and  i  it  was 
found  very  beneficial  during  a  voyage  from  Southampton  to 
Rio  de  Janeiro  and  back/  The  H.M.S.  '  Dee  '  was  fitted,  and 
after  four  years  was  reported  as  in  good  condition. 

" Altogether  50  vessels  were  fitted  with  '  Partridge's ' 
apparatus,  representing  10,000  h.p.  to  12,000  h.p.,  and  the 
savings  effected  by  the  use  varied  from  15  to  30  per  cent. 
In  general,  the  steam  was  superheated  to  about  340°,  and 
tlie  pressure  ranged  from  lOlbs.  to  251bs.  per  square  inch. 

" Other  superheating  apparatus  mentioned  are  those  of 
' Parsons  ，  and  '  Pilgrims/  fitted  on  the  '  Osprey  1  in  1859， 
also  H.M.S.  tug  '  Bustler  '  in  1859，  and  in  15  other  vessels. 
Lamb's  superheater,  patented  in  1858，  was  adapted  to  over 
50  vessels  with  a  saving  of  20  to  40  per  cent.  Messrs.  Boden 
and  Clarke's  superheaters  were  fitted  on  the  '  Southampton  ' 
in  1860,  trading  between  Southampton  and  Channel  Islands, 
of  262  h.p.  condensing  engines  with  two  slide  oscillating 
60in.  cylinders,  5ft.  stroke.  She  burnt  only  37  tons  on  each 
trip  out  and  in,  averaging  22  hours,  or  about  121bs.  per 
horse-power.  The  '  Dispatch  '  was  also  fitted.  Butler's  super- 
heater was  fitted  to  the  1  City  of  Nantes/  with  a  saving  of 
30  per  cent,  and  increased  speed.  Pullen,  Cresswell,  and 
Longstaff's  apparatus,  patented  in  1860,  and  many  others 
which  showed  equally  favourable  results.  Reference  is  also 
made  to  the  researches  of  Dr.  Taylor,  Mr.  Brande,  Prof. 
Faraday,  Mr.  Fairbain,  and  others." 

Messrs.  J.  &  W.  Dudgeon,  of  Millwall,  between  1859  and 
1870  fitted  about  40  vessels  with  Beardmore's  system  of 
superheat. 

The  steam  engine  being  essentially  a  heat  engine,  no 
excuse  is  needed  for  advocating  the  use  of  superheat  ；  if  such 
were  the  case,  however,  the  records  of  the  past  70  years  alone 
are  full  of  instances  of  the  devices  brought  out  for  steam 
jacketing,  reheating,  and  other  arrangements  for  retaining 
and  maintaining  the  temperature  in  the  cylinders.  The  drop 
in  the  temperature,  not  only  between  the  boilers  and  the 
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engines  but  also  in  the  cylinders  themselves,  beyond  that  due 
f()  tlie  expansion  of  steam,  has  been,  if  not  the  greatest,  at 
least  one  important  cause  of  loss  of  power  in  steam  engines, 
as  it  has  thereby  increased  the  amount  of  saturation  in  the 
stearn . 

Another  loss  arose  from  the  amount  of  saturation  brought 
over  by  the  steam  from  the  boilers,  when  priming  was  not 
violently  taking  place.  This  loss  is  seen  more  or  less  in  all 
marine  engines  by  the  quantity  of  water  which  comes  down 
through  the  piston-rod  glands,  to  the  detriment  of  the  pack- 
ing and  the  piston  rods.  It 圍 also  manifest  by  the  noise 
which  betrays  the  presence  of  water  in  the  cylinders,  although 
there  may  be  none  of  the  usual  evidence  of  priming  in  the 
boilers,  which  shows  that  whilst  a  small  percentage  might 
be  attributed  to  condensation  in  the  cylinders,  a  large  volume 
is  really  due  to  the  heavy  state  of  saturation  of  the  steam 
coming  from  the  boilers,  and  moreover  that  this  is  a  variable 
quantity,  due  no  doubt  to  the  conditions  of  firing,  circulation, 
or  the  quality  of  fuel. 

In  order  to  obtain  some  data  bearing  upon  this  loss, 
measurements  were  taken  of  the  water  coming  from  the 
cylinders  of  quadruple- expansion  engines  of  3,000  i.h.p.  work- 
ing under  saturated  steam  conditions,  readings  being  taken 
during  the  voyage,  and  at  times  it  was  found  that  as 
much  as  20  galls,  per  hour  was  drained  off  the  M.P.  2  and 
L.P.  steam  chests.  The  fact  that  such  a  quantity  of  water 
was  found  to  accumulate  in  the  cylinders  of  a  quadruple- 
expansion  engine,  working  under  saturated  steam  conditions, 
convinced  Mr.  Alex.  J.  Dudgeon  and  the  writer  that  super- 
heat would  convert  this  loss  into  effective  horse-power  and  so 
contribute  to  a  more  economical  result. 

The  modern  system  of  superheating  steam  passes  the 
saturated  steam  from  the  boiler  through  small  tubes  placed 
國 different  positions,  according  to  the  type  of  boiler,  whether 
water-tube  or  marine  cylindrical  multitubular,  usually  termed 
the  "Scotch"  boiler.  It  is  not  proposed  to  deal  with  the 
various  points  of  interest  regarding  the  different  types  or 
design  of  superheaters  which  naturally  arise,  but  which  do 
not  come  within  the  scope  of  this  paper,  which  is  confined  to 
the  experience  of  the  use  of  superlieat  on  steamers,  with 
special  reference  to  the  important  question  of  economy  and 
cost  of  upkeep,  based  on  over  three  years'  working  in  engines 
of  both  triple  and  quadruple-expansion  type  in  the  mercantile 
marine  engaged  in  a  regular  trade,  voyage  after  voyage,  to 
Australia  via  the  Cape  of  Good  Hope. 

In  the  system  adopted  (Schmidt's)  the  steam  from  the 
boilers  passes  into  a  vertical  pipe  called  the  "  saturated  ，' 
header  placed  in  the  smokebox,  from  which  small  branch 
pipes  are  led  horizontally  across  the  front  of  the  tube  plates, 
the  pipes  passing  down  each  tube  of  the  row  being  doubled 
in  a  "  U  "  form  for  that  purpose,  so  that  each  "  element,"  as 
it  is  termed,  is  a  series  of  "  U，s，"  the  other  end  being  brought 
back  to  what  is  termed  the  "  superheated  "  header.  The 
jointing  of  each  end  of  the  element  to  the  headers  is  effected 
by  a  small  cross-bar  or  "  dog "  with  a  stud  through  r.lie 
centre,  so  that  each  dog  makes  two  joints.  Careful  super- 
vision, testing,  and  tightening  up,  as  the  pressure  rises  when 
getting  up  steam,  prevents  any  leakages  afterwards,  as  when 
once  tight  they  do  not  give  further  trouble.  A  drain  is  fitted 
to  both  headers,  that  on  the  saturated  header  for  blowing 
away  any  scum  that  might  be  brought  over  from  the  boiler, 
and  which  would  possibly  choke  the  lower  rows  of  elements, 
and  a  drain  on  the  superheated  header  to  permit  of  a  circula- 
tion of  steam  through  the  elements  when  getting  up  steam, 
or  when  the  steam  is  not  being  circulated  in  consequence  of 
the  supply  to  the  engines  being  shut  off  whilst  working  the 
engines  to  orders  in  ports. 

The  elements  are  examined  periodically,  being  removed 
from  each  nest  of  tubes  in  rotation,  so  many  each  voyage, 
thus  all  are  dealt  with  at  least  once  a  year  ；  but  whenever 
the  boilers  are  cleaned  the  ends  of  the  elements  are  examined 
from  the  combustion  chamber,  as  they  are  only  about  3in. 
inside  from  the  back  tube  plates,  for  any  signs  of  leakage  at 
the  weld  of  the  U  bend  of  the  elements.  These  defects  are 
something  less  than  "1  per  cent,  and  are  generally  only  pin- 
holes. Even  should  it  be  necessary  to  deal  with  the  U  end. 
it  is  not  a  serious  matter,  either  in  time  or  expense,  and,  in 
the  event  of  a  serious  leak,  the  steam  from  the  boiler  can 
be  shut  off  the  superheater  and  by-passed  direct  to  the 
engines,  whilst  the  defective  element  is  withdrawn  and  the 
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joints  on  l"'a(h'rs  l'cnwule  wit  h  l)huik  plu^s,  t  he  gross  ； u  ('a 
through  tlie  elcmt'ids  allowing  lor  a  considcraltle  reduct  ion 
wiiliout.  unduly  wire  -  drawing  the  sii[)crli<'at cd  steam. 
Kx|)rri(Micc  lias  shown  no  (let  oi-iorat  ion  of  \  lie  clcinciit  s  from 
corrosion  or  burning  of  tlie  end,  or  any  injurious  act  ion  on 
the  boiler  tubes.  Tlie  chief  expense  iix-urred  wit li  superheat 
is  on  account  of  cxt ra  labour  when  witlulrawin^  these 
elements  for  inspection.  None  of  the  steamers  under  con- 
sideration have  been  delayed  either  iti  port  or  on  the  voyage 
frOm  defects  in  superheater  elements  since  being  fitted,  not- 
withstanding tlie  iact  t  hat  t  liey  are  turned  round  quickly 
and  have  long  runs,  that,  of  the  "  Port  Augusta"  being  45 
days  without  a  call  at  -any  port,  and  the  Port  Lincoln  "  ； md 
" Port  Macquarie  ，，  39  days,  with  a  call  of  a  few  liours  only 
at  Capetown  for  coal  and  fresh  water.  The  cleaning  of  the 
lubes  on  the  voyage  is  HVer"'<l  l>y  "  Diainoiul  Blowers',  fitted 
in  eacli  coinhust ion  ('ii;imlK'r，  and  tliey  are  blown  tlirough 
every  day,  the  operation  taking  about  two  or  three  minutes 
for  each  nest ,  the  soot  which  accumulates  in  the  srnokebox 
being  cleared  away  through  the  doors  provided  for  the 
purpose. 

The  absence  of  moisture,  upon  wliich  marine  engines  roly 
for  internal  lubrication,  makes  the  lubrication  of  the  cylinders 
and  valve  f aces  of  most  vital  importance  when  superheated 
steam  is  used.  In  the  first  instance,  an  excess  of  internal 
lubrication  is  advisable,  until  the  pores  of  the  metal  surfaces 
become  saturated  and  filled  up  with  oil.  When  this  has 
taken  place  it  will  be  found  that,  although  the  surface  of  the 
cylinder  walls  may  be  cleaned  and  wiped  when  they  are  hot, 
upon  the  metal  cooling  down  a  film  of  oil  will  be  squeezed 
out  of  the  pores  on  to  the  surface  of  the  metal  ；  when  tiiis 
condition  has  been  attained  the  quantity  of  oil  for  internal 
lubrication  may  be  reduced  with  safety.  On  the  "  Port 
Augusta/7  of  2,000  i.h.p.,  1*5  galls,  per  day  of  cylinder  oil 
were  used  at  first  for  internal  lubricating  and  swabbing  of 
piston  rods  of  both  main  and  auxiliary  engines  ；  on  the  "  Port 
Lincoln  "  and  "  Port  Macquarie,"  of  4,000  i.h.p.,  about 
2  galls,  per  day,  this  being  gradually  reduced  until  now  only 
•5  to  *75  gall,  is  required. 

Another  important  detail  with  regard  to  this  is  that 
independent  means  of  lubrication  must  be  provided  for  ea^h 
engine,  either  in  the  valve  chest  or  cylinder.  That  for  the 
H.P.  cylinder  should  be  on  the  engine  side  of  the 
stop  and  throttle  valve,  otherwise  the  surfaces  are  liable  to 
become  coated  with  an  oil  deposit  during  a  long  run，  and 
may  cause  them  to  work  stiff,  thereby  interfering  with  their 
steam  tightness  when  brought  into  use  again  on  working  the 
engines  to  orders.  It  is  advisable  to  arrange  for  independent 
lubrication  for  the  L.P.  valve,  as,  owing  to  it  being 
generally  of  the  flat  "  D '，  type  and  unbalanced,  the  large 
surface,  even  with  a  low  pressure  upon  it,  gives  rise  to  con- 
siderable friction.  It  has  been  found  in  triple-expansion 
engines,  wliere  tlie  M.P.  cylinder  is  placed  adjoining  the  H.P. 
cylinder  with  short  exhaust  passages,  that,  after  the  surfaces 
become  saturated  with  oil,  the  regular  supply  to  the  M.P. 
cylinder  may  be  shut  off,  as  it  would  appear  that  a  sufficient 
quantity  of  the  oil  injected  into  the  steam  in  the  H.P. 
valve  chest  becomes  vaporised,  and  is  carried  over  to  the 
]\1.P.  valve  chest  with  the  exhaust.  Nevertheless,  in  the  first 
instance,  a  regular  supply  should  be  injected  into  tl«e 
M.P.  valve  chest,  and  even  when  this  is  shut  off  a  little  extra 
oil  should  be  injected  from  time  to  time,  according  to  the 
evidence  of  the  running  and  condition  of  the  surface  when 
opened  up  for  examination. 

The  selection  of  a  suitable  lubricant  for  internal  lubrica- 
tion under  the  temperatures  and  conditions  met  with  when 
using  superheated  steam  is  one  requiring  consideration. 
There  are  several  oils  on  the  market  with  a  flash  point  under 
the  open  or  atmospheric  test  of  from  610。  to  630°  Fah.，  but 
due  consideration  must  be  given  to  their  composition,  whether 
an  absolute  mineral  oil  or  a  compound  of  a  mineral  with  an 
animal  or  vegetable  oil,  wliich,  it  is  claimed,  adds  to  the 
lubricating  qualities  without  creating  troubles  from  car- 
bonisation or  other  causes;  this,  however,  is  a  doubtful  point. 
Upon  the  question  of  the  evaporation  point,  and  also  tlie 
flash  point,  when  the  oil  is  under  pressure,  we  know  of  no 
reliable  data  ；  possibly  these  points  are  higher  under  pressure 
than  those  obtained  by  the  tests  under  atmospheric  con- 
ditions. 

It  is  absolutely  necessary  to  have  a  reliable  system  of 


filtration  for  the  feed  water,  so  as  to  ensure  the  abstraction 
of  the  oil  and  safeguard  the  boilers  from  t he  po^ihility  at 
any  trac?s  getting  through.  Tlie  difli(  ult at  first  met  with 
to  obtain  this  result  have  l>een  overcome  by  fitting  a  large 
gravitation  filter.  The  whole  secret  of  filtration  is  "  time  " 
to  allow  tlie  feed  water  to  come  almost  to  rest,  and  enable 
tlie  oil  to  rise  to  the  surface  and  be  collected  ；  afterwards  t  ！ u- 
feed  water  should  pass  through  a  cliamber  filled  with  coke, 
and  finally  tlirough  a  section  fitted  with  ,(  cartridge  "  cvim- 
ders,  covered  with  filter  clotli  towelling  of  substantial  body 
having  a  rough  surface.  The  more  compartments  of  tli'-  :  i  t 
or  settling  stage  that  are  provided,  the  longer  the  coke  and 
filter-cloth  sections  will  last  without  requiring  to  be  changed . 
The  filter  must  be  so  placed  that  tlie  water  will  gravis,'  i', 
the  same  water  level  as  the  weir  in  the  liotwell  of  the  air 
pumps.  It  is  essential  that  the  covers  of  this  filter  should 
be  always  open  when  working,  so  that  it  may  be  under 
observation,  and  that  the  thick  scum  accumulating  on  the 
surface  of  the  settling  chambers  may  be  removed  by  liand 
from  time  to  time.  The  cleaning  of  the  coke  and  filter-cloth 
chambers  can  be  done  very  quickly,  if  a  full  set  of  spare 
parts  are  carried,  which  can  be  kept  charged  with  fresh  coke 
and  with  clean  filter  cloths  on,  ready  for  use.  When  such 
spare  parts  are  provided  there  is  no  necessity  for  a  by-pass 
arrangement,  as  the  working  of  the  filter  is  not  interfered 
with  during  the  process  of  changing  the  filtering  medium,  and 
the  time  is  so  short  that  no  danger  from  oil  passing  through 
with  the  feed  water  is  experienced.  Tlie  feed  water  betrays 
not  the  slightest  sign  of  oil  even  in  emulsion  when  drawn  off 
from  the  feed  pumps  ；  there  is  no  '  taste  ，，  of  oil  perceptible  ； 
the  internal  surface  of  tlie  boilers,  even  on  the  water-line,  do 
not  show  any  signs  of  oil,  and  this  has  been  confirmed  in 
each  of  the  four  boilers  in  both  the  steamers  with  quadruple- 
expansion  engines  having  passenger  certificates,  upon  ii!  !" ' 
tion  at  the  end  of  six  and  twelve  months'  service,  as  well  2« 
at  the  annual  survey  on  the  other  steamer,  fitted  with  triple- 
expansion  engines  and  two  boilers. 

The  temperature  of  the  steam  during  the  various  stages 
is  ascertained  by  pyrometers  fitted  to  the  superheater  steam 
pipe  of  each  boiler,  to  the  H.P.  and  M.V.  1  stoam  (li''、ts, 
and  by  thermometers  fitted  in  the  steam  chests  of  the  M.P.  2 
and  L.P.  engines.  The  general  experience  with  the  pyro- 
meters having  long  connecting  capillary  tubes  filled  with 
ether  or  mercury,  by  means  of  which  the  temperature  is 
recorded  on  the  dial,  shows  a  tendency  to  give  unduly  low 
readings  after  months  of  constant  use,  to  the  extent  of  about 
5  per  cent.,  necessitating  their  being  frequently  tested,  and 
short  connections  are  therefore  recommended,  althougli  the 
position  of  the  dials  may  not  then  be  so  conveniently  arranged 
for  observation.  The  variations  in  the  readings  of  the 
pyrometers,  due  to  the  fluctuations  of  the  temperature  of  the 
steam  following  on  the  condition  of  the  fires,  indicate  before- 
hand the  rise  or  fall  of  the  steam  pressure,  and  enable  the 
engineer  on  watch  to  know  in  which  boiler  the  furnace  tem- 
peratures are  falling,  through  the  fires  getting  low  or  dirty, 
and  so  give  the  necessary  orders  to  maintain  a  full  steam 
pressure.  The  fitting  of  pyrometers  and  thermometers  in  this 
manner  has  given  some  very  interesting  information  as  to 
how    far    the  superheat  is  carried  through  the  engine ~ in 
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370 
300 

240 

°  F. 
550 
400 

0  F. 
IfO 
100 

Lbs. 

20fi 
97 
38 
9 

。 p. 

389 
335 
2s ! 
237 

°  F 
oon 

460 
？ 90 
220 

^1      u  : 

other  words,  whether  the  temperature  of  the  steam  due  to 
superheat  falls  more  or  less  quickly  than  the  tempprature  o*. 
the  steam  consequent  upon  the  pressure,  so  as  to  indicate  nt 
what  stage,  if  any,  the  steam  loses  all  "  superheat  "  and 
returns  to  the  "  saturated  "  state.    Table  I.，  which  is  appro vi 
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mat  (Ay  relial)le,  gives  the  average  results  obtained,  although 
the  higher  temperature  taken  by  the  pyrometers  may,  as 
before  mentioned,  be  lower  than  was  actually  the  case.  Jt 
will  be  seen  that  superheat  is  showing  in  the  steam  chests  of 
the  first  three  engines,  and  almost  in  the  L.P.,  while  at 
times  a  few  degrees  of  superheat  are  reported  to  have  been 
actually  registered  there.  The  cut-offs  are  about  ：  H.P.,  73 
per  cent.  ；  M  P.  1，  70  per  cent.  ；  M.P.  2,  70  per  cent.  ；  L.P., 
70  per  cent. 

The  steamers  from  which  these  data  were  obtained  belong 
to  Messrs.  W.  Milburn  &  Co.，  of  London,  and  our  thanks  dre 
due  to  Mr.  Milburn  for  his  permission  to  publish  the  results. 
The  "  Port  Augusta  ，，  was  built  and  engined  by  Messrs. 
Hawthorn,  Leslie,  &  Co.  in  1906  ；  the  boilers  were  fitted  with 
superheaters,  and  the  necessary  alterations  made  to  the 
engines,  &c -，  by  the  North-Eastern  Marine  Engineering  Com- 
pany, Ltd.,  of  Wallsend-on-Tyne,  in  May,  1911,  when  the 
boilers  and  engines  were  five  years  old.  The  "  Port  Lincoln  " 
and  "  Port  Macquarie  ，，  were  built  by  Messrs.  Hawthora, 
Leslie,  &  Co.  and  engined  by  the  North-Eastern  Marine 
Engineering  Company,  Ltd.,  of  Wallsend,  in  1912.  The 
boilers  were  designed  for  working  the  engines  under  saturated 
steam  requirements,  but  fitted  with  superheaters.  The  "  Port 
Albany"  was  also  built  by  Messrs.  Hawthorn,  Leslie,  &  Co.， 
and  engined  by  the  North-Eastern  Marine  Engineering  Com- 
pany, but  the  boilers  were  designed  for  and  fitted  with  super- 
heaters. Particulars  of  these  four  vessels  are  given  in 
Table  II. 

Table  II. 


Particulars. 

Length   

Breadth  

Depth,  mouldt'd    ... . 

Gross  tonnage   

Deadweight   

Engines   

Cylinders   : 

Stroke   

I.H.P.  on  voyage    . . 
Boilers,  number. . . . 
Boilers,  type  

Total  Heating  Surface 

Total  Grate  Surfaro . . 

Total  Superheat  Sur- 
face   

Working  pressure     . . 

External     diam.  of 
boiler  tube ~ 

Plain   

Stay  

Internal      diam.  of 
superheater  tubes . , 

Forced  draught  


" Port 
Au^iistii.' 


380ft.  6in. 
49ft.  lin. 
28ft.  7in. 

4,063 

7,22" 

Triple 
27,  45. 

74  ins. 

48in. 

2,100 

Two 
Cvlindrical 
Sin-l 

.720 
1ST 


2,390 
180 


2^in. 
2|in. 

13  mm. 
Howden 


" Port 
Lincoln." 


425ft.  9in. 

54ft. 
31ft.  lOiin, 

7,230 

9,254 
Quadruple 
27|,  39,  m, 
81iins. 

54in. 

4.100 

Four 
Cylindrical 


4,000 
220 


2|in. 
2Jin. 

13  mm. 
Howden 


" Port 
Macquarie. 


425ft,  9in. 

54ft. 
31ft.  lO^in. 
7.236 
9,254 
Quaflruple 
27J,  39.  5(>. 
81 J  ins. 
54in. 
4,100 
Four 
Cylindrical 


Quadruple 
27i,  39,  50, 
81 J  ins. 
54in. 
4,100 
Four 
Cylindrical 

e  ended  Single  ended  Single  ended  Single  en 'led 
11,600  11,600  11,360 

240  240  260 


4.000 
220 


2Jin. 
2- 2-in. 

13  mm. 
Howden 


" Port 
Albany.1 


425ft.  9in. 

54ft. 
31ft.  lOiin. 

7,236 


1,320 
220 


3in. 
3in. 

15  mm. 
Howden 


In  the  case  of  the  "  Port  Augusta  "  no  alteration  was  made 
to  the  boilers,  the  grate  surface,  or  any  of  the  saturated  steam 
connections,  the  only  change  or  addition  being  in  the  case  of 
pipes  or  connections  coming  in  contact  with  the  superheated 
steam,  and  some  modification  was  made  to  the  smoke  boxes  to 
allow  of  the  superheater  headers  being  fitted.  The  alterations 
to  the  engines  consisted,  in  addition  to  the  usual  general  over- 
haul, of  fitting  a  balanced  flat  valve  in  place  of  the  ordinary 
" D  "  valve  for  the  M.P.  engine,  fitting  of  suitable  piston  rod 
metallic  packing,  steel  neck  bushes  instead  of  brass,  and 
additional  lagging  to  cylinders,  A  gravitation  filter  was 

installed  and  afterwards  enlarged  and  improved  until  its 
efficiency  was  satisfactory. 

The  "  Port  Lincoln  "  and  "  Port  Macquarie  ，，  are  duplicate 
vessels  in  every  respect  ；  they  have  no  auxiliary  boiler,  so  that 
all  demands  for  steam  are  supplied  by  the  main  boilers  ；  these 
are  increased  above  the  usual  requirements  of  auxiliaries 
owing  to  the  vessels  being  fitted  up  for  emigrants,  which 
necessitates  additional  galleys,  pantries,  refrigerator  machine, 
and  electric  light.  The  "  Port  Albany  ，，  is  a  duplicate  of  the 
" Port  Lincoln,"  but  fitted  for  carrying  frozen  cargo,  and  not 
fitted  for  emigrants. 

Before  dealing  with  the  tabulated  results  of  the  per- 
formances of  tlie   steamers   under   consideration,   some  des- 


cription of  the  data  available  and  the  basis  on  whicli  tlie 
deductions  have  been  drawn  is  essential  for  the  purpose  of 
arriving  at  their  value.  Mercantile  steamers  are  for  tlie 
commercial  purpose  of  carrying  passengers  and  cargo  at 
remunerative  freights,  and,  to  do  so,  the  cost  of  running 
involves  a  heavy  expenditure  for  fuel,  either  coal  or  oil,  the 
ordinary  means  of  ascertaining  such  expenditure  on  the  fuel 
account  is  by  calculating  the  tons  of  fuel  used  per  day.  The 
results  in  Table  III.  are  not  compiled  upon  data,  such  as  are 
available  in  a  laboratory,  on  the  "test  ，'  table,  or  even  on  a 
" trial  trip  "  with  a  special  staff  of  engineers  to  collect  the 
same  over  a  few  hours,  or  perhaps  days,  but  they  are  the 
averages  of  months  and  years  of  every  day's  work,  which  for 
commercial  purposes  is  the  best  guide,  as  representing  what 
the  shipowner  has  to  pay  for. 

Table  III. 


Average  of  Consecutive 
Voyages. 


" Port  Augusta,"  London  to 
Adelaide,  via  the  Cape. . 

" Port  Lincoln  ，，  and  "  Port 
Macquarie,"  London  to 
Melbourne,  railing  at  the 
Cape  

Days  on  voyage  

Days  under  steam  

Boiler  pressure  in  pounds  per 
square  inch  

Speed  per  hour  in  knots. . . . 

Draught  (mean)  leaving  Lon- 
don   

Displacement  leaving  Lon- 
don (tons)  

Coals  used  for  all  purposes . . 
Less  deductions  for  raising 
steam  ，  banked  fi  res , 
a\  inch  es  ，  galley  fi  res , 
crew's  bogies  and  con- 
densing fresh  water . . . . 

Coals  uscl  for  main  boilers 
for  supplying  steam  on 
voyage  for  main  engines 
and  auxiliaries,  also  steer- 
ing gear  and  electric  liuht 
Less  deduction  for  "  Port 
Augusta  ，，  steering  gear 
and  electric  light  at  1 

ton  per  day   

Less  deduction  for  "  Port 
Lincoln "  and  "  Port 
Macquarie  ，  ，  ，  including 
also  steam  cooking  pro- 
cess and  boilers  and  pro- 
vision refrigerator  ma- 
chine at  2  tons  per  day. 

Coals  used  for  main  engines 
and  auxiliaries  (circulat- 
ing pump,  feed  pump, 
evaporator,  and  fan)  .... 

Do.  per  day  (tons)  

Do.  per  indicated  horse- 
power in  pounds  per  hour 

Quality  of  coal  as  indicated 
by  loss  reported  voyage 
(ashes,  &c.)  

Indicated  horse-power  • 


S.S.   "  Port  Augusta." 
Triple  p]xpansion. 

S.S.  "  Port 
Lincoln  "  and 
" Macquarie." 

With 
Saturated 
Steam. 

With 
Superheated 
Steam  • 

Quadruple 
Expansion. 

With 
Superheat  r<  I 
Steam. 

'l 

4()J.  lOh.  46m. 
國 17h.  38m. 

6 

41d.  lh.  35m. 
39d.  2h.  43m. 

o  '二 

o  ， 

220 
12-7 

24ft.  9^in. 

24ft.  lO^in. 

10,150 
1,744 

10,000 
1,560-45 

34 

150 

(il  -SS 

1,710 

1,545 -4：> 

46 

49-5 

81-9 

寸 »o 

1 1。 

1-6 

1-4 

1-29 

14  per  cent. 
2，  102 

13  per  cent. 
2,005-4 

16*4  per  cent  . 
4.027 

The  data  available  with  the  triple-expansion  engines  of 
the  "  Port  Augusta "  comprise  seven  consecutive  voyages 
extending  over  three  and  a  half  years  using  saturated  steam, 
as  well  as  the  five  following  voyages  after  being  fitted  with 
superheat,  extending  over  three  years,  all  of  whicli  are  from 
London  to  Adelaide  via  the  Cape  of  Good  Hope,  most  of  them 
being  without  any  call  at  an  intermediate  port .  The  reason 
that  the  outward  voyages  have  been  taken  is,  not  only  that 
they  cover  the  same  run,  but  also  because  the  same  bunkers 
for  the  whole  voyage  were  taken  either  on  the  Tyne  or  at 
Middlesbrough  from  the  Auckland  (Durham)  or  Mickley  coal 
seams.  The  conditions,  therefore,  are  exceptional,  if  net 
unique,  for  the  purpose  of  comparison. 
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Inple  Expansion, 

Quadruple  Expansion,  Saturated                               1-34  lbs  per  ,.h  p  per  hour 

Quadruple  Expansion,  Superheated                              1  •  1  r>  1  '"•  j* 

The  figures  for  quadruple  engines  with  saturated  steam  valve  from  the  saturated  steam  pipe  line.    This  arrangement 

are  taken  from  similar  data  of   two    steamers    fitted   with  ensures  dry  steam  to   the   auxiliaries    wit liout    anv  injurv, 

engines  of  3,000  i.h.p.  during  seven  voyages  each  to  Australia,  although  they  are  not  all  specially  constructed  for  the  use  of 

via  the  Cape,  with  the  same  bunkers  as  used  for  the  super-  superheated  steam.    Most  of  the  leading  makers  of  auxiliary 

heated  quadruple  engines  as  far  as  the  Cape   already   dealt  engines  make  the  necessary  alteration  for  ！ Moderate  superheat 

with.  with  but  little  if  any  extra  charge.     The   mixing  of  super- 

In  the  following  comparison  of  the  economy  obtained  the  heated  steam  with  the  saturated  supply  for  the  winches  is 

consumption  for  quadruple  engines  superheated  is  taken  at  also  a  great  advantage,  even  thou?                 '-  su perlieat ,  ii' 

l'151bs.  per  hour  per  indicated  horse-power  obtained  on   the  any,  gets  so  far.    The  use  of  superheat  on  turbines  is  another 

voyage  as  far   as  the   Cape,  because  coal   from  the   same  and  most  interesting  phase  of  tlie  subject,  and  one  on  which  a 

collieries,  viz.,  Auckland  or  Mickley,  was  burnt  as  was  used  on  resume  of  experience  would  be  most  valuable  whether  on  t  he 

the  other  steamers.    In  the  case  of  the  voyage  averages  of  the  turbine   direct   or  after   passing   t lirou^li    t he  reciprocating 

" Port  Lincoln  "  and     Port  Macquarie,"    the   consumption  engine. 

works  out  at  l'291bs.  per  hour  per  indicated  horse-power  in  The  data  on  the  use  of  superheated  steam  during  the  last 

consequence  of  one-third  of  the  coal  being  from  Natal,  giving  three  years  contained  in  this  paper  have  been  collerted  hv  the 

a  higher  percentage  of  loss.  writers   firm   in  their  professional    capacity   of  consulting 

.      Ecoaotnj/  and  Sarin  (/  "f  ( 1tHil  in  Tons  per  flat/  per  1,000  Indnaffd  J  I  (trst-po  wrr. 


U>s.  per  l.H.P. 
per  hour. 

Lbs.  JHT  I.II.I1. 

per  hour. 

Economy 
per  cent. 

Saving.  'I'ons  |>er»lav 
per  1,000  I.H.I>. 

Triple  expansion  superheated  at  

Quadruple  expansion  saturated  at  

,,                         superheated  at  . . . . 

1-34 
115 

over  triple  expansion  sat'iiattHl  at  

，，       "           "       superheated  at    . . 
，，     qua<ln»})lo  ,，       saturattnl  at  

1'6 
1-ti 
16 
1*4 
1-34 

12- 14 

2S-  1 

17*85 

U-2 

2-  U 

4- 82 
2M>8 
2  03 

The  data  dealt  with  of  the  quadi-iipltvexpansion  cri^incs 
of  the  s.s  11  Port  Ijiin'oln  "  and  "  I'ort  M ac(j uaric  "  are  on 
*kxact  ly  the  same  basis  as  Uiat  of  t  he  11  I*oi  t  August  ； i,"  a  ul 
cover  three  voyages  of  each  si. earner  to  M plhourne  ironi 
London  calling  at  the  Cape,  with  lliis  (lifV('n'ii('t'，  t  liat  "、'（）- 
t liirds  of  the  bunkers  for  the  voyage  were  Mi(,kley  coal  ( im 
screened)  and  one-third  Natal  coal,  wliicli  latter  gives  ； i 
higher  percentage  of  loss  (aslies,  & ('.)  and  consequeiii.  con- 
sum  ption,  than  the  North  Country  coal.  There  is  also  a 
deduction  of  two  tons  instead  of  one  ton  a  day,  on  account  of 
these  steamers  carrying  more  than  600  emigrants,  h('si(h's  ； i 
crew  of  125,  or  about  740  souls  all  told,  entailing  a  heavy 
expenditure  of  coal  for  galley  fires,  bakers'  ovens,  and  steam 
tor  tlie  cooking  presses,  boilers,  pantry  sinks,  plate  heal  fis, 

The  result's  in  Table  III.  cover  all  the  contingencies  wliiHi 
arise  on  a  long  sea  voyage —— weather,  adverse  trade  winds, 
currents,  also  coal  troubles  arising'  from  its  hein^  only  fair," 
or  what  is  described  as  "dirty"  or  "small";  further,  t lie 
human  element  is  included,  a  most  important  factor  affecting 
voyage  results.  Therefore  these  data  have  a  special  value  to 
the  shipowner. 

The  engineer  naturally  asks  for  a  higher  standard,  by 
which  to  gauge  the  capabilities  and  possibilities  of  the  use  of 
superheat.  For  this  reason,  the  results  of  a  selected  voyage, 
from  London  to  Capetown,  of  one  of  the  steamers  fitted  wit  Ii 
quadruple  engines  is  given  when  the  coal  was  described 
" good  "  but  "  small,"  the  weather  was  "  fair  to  good,"  and 
the  stokeliokl  crowd  well  up  to  the  average.    Then  we  get:  — 

Selected.  Average  of  Five  Voyages. 

Days  on  passage   11)  days  10  hovirs   10  days  17  hrs.  28  川 ins. 

Speed    12-92  knots  12-77  knots 

C!oa]  consumption  per  day 
for   main    engines  and 

auxiliaries    50  •  33  tons  51  tons 

Goal  per  indicated  horse- 
power   1-043         .  1- 15 

Tndicated  horse-power     . .  4,500  4,122 

The  part  of  the  voyage  from  the  Cape  to  Australia  is 
generally  more  detrimental  to  exhibition  results  owing  to 
weather  conditions,  as  well  as  to  the  less  satisfactory  quality 
of  Natal  bunker  coal  taken  at  the  Cape,  which  consequently 
increases  the  daily  consumption  without  any  increase  of 
indicated  horse-power.  From  the  results  obtained  we  get  the 
following  consumption  : — 

Lbs.  per  I.H.P. 
per  hour. 

Triple  Expansion.  Saturated   1*6 


Tl  lese  results  are  sIk>\vii  on  i  I"'  a^^'orripfiMvin^  *li;i*^rani  tip 
to  10,000  i.h.p. 

The  additional  cost  of  fitting  superlieat  cannot  be  f^ct 
clown  at  any  definite  figure,  as,  although  a  lar^e  miml'f'r  o\ 
installations  have  been  fitted,  the  different  conditions  that 
have  to  be  complied  wit  Ii  make  a  comparison,  in  order  lo 
form  a  standard  of  price,  very  conflicting;  still,  for  rou^li 
estimating,  it  may  be  taken  as  ranging  from  15s.  ")  'JOs.  per 
indicated  horse-power,  against  winch  the  reduced  size  and 
consequent  cost  of  the  boilers  must,  he  considered. 

The  full  benefit  of  superheat  can  only  be  (山 taiwl  i'v 
extending  its  use  to  all  the  auxiliaries,  and  this  has  been 
carried  out  on  the  vessels  fitted  when  new.    The  steam  pipes 
are  of  steel  and  gland  parkings  mostly  metallic.  Thf*  "'m|"'ra 
ture  used  is  about  500°  Fah.  and  is  regu later!  by  a  mixing 
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engineers  to  the  owners  of  the  steamers.  The  fact  that  super- 
heat has  been  fitted  in  all  their  subsequent  vessels  built,  after 
a  careful  comparison  as  judged  from  the  owner's  standard  of 
coals  ])aid  for,  prompted  the  writer  to  place  this  information 
before  the  members  of  the  Institution  as  pointing  to  the 
facts  ：  (1)  The  economy  of  coal  claimed  is  maintained.  (2)  The 
economy  with  triple-expansion  engines  of  2,000  i.h.p.  after 
being  altered  to  use  superheat  has  been  12'14  per  cent.  (3) 
The  economy  with  quadruple-expansion  engines  fitted  with 
superheat  over  triple- expansion  similarly  fitted  is  about  17*85 
per  cent.  (4)  The  wear  on  the  machinery  is  not  appreciably 
increased  where  proper  lubrication  of  internal  surfaces  is 
maintained.  (5)  The  filtration  of  oil  from  the  feed  water  has 
been  succesfully  carried  out  so  as  to  ensure  the  satisfactory 
condition  of  the  same.  (6)  No  danger  from  oil  getting  into 
the  boiler  need  be  feared  with  a  filter  such  as  was  used.  (7) 
The  arrangement  and  fitting  of  the  superheater  elements  and 
pipe  connections  present  no  serious  objections.  (8)  The  main- 
tenance of  the  superheater  elements  in  an  efficient  condition 
requires  only  ordinary  attention.  (9)  In  using  superheat 
there  is  no  necessity  to  carry  any  additional  spare  gear.  (10) 
There  is  no  necessity  to  carry  any  spare  superheater  elements. 

(11)  The  first  cost  has  been  recovered  in  one  year  on  the  basis 
that  the  vessel  is  under  steam  for  200  days,  as  a  result,  not 
on\y  of  the  saving  of  bunker  coal,  but  also  of  the  additional 
freight  carried  in  lieu  of  the  weight  saved  thereby.  In  sub- 
sequent years  the  whole  gain  is  for  the  profit  of  the  shipowner 
subject  to,  say,  5  per  cent,  of  same  for  additional  overhaul 
and  maintenance  of  the  superheater  elements,  &c.，  and  the 
usual  allowances  for  insurance  and  depreciation  on  first  cost. 

(12)  All  that  is  required  to  obtain  these  benefits  is  to  instil 
confidence  into  the  engineers  in  charge,  and  to  see  that  the 
working  instructions  are  implicitly  carried  out. 

The  number  of  steamers  fitted  with  superheaters  during 
recent  years  is  an  indication  of  successful  working  under 
superheat  conditions.  The  following  figures,  though  far 
from  being  a  complete  record,  are  worthy  of  note  and  con- 
sideration ： —— 

No.  of  Steamers.   Total  I.H.P. 
Hide    Superheaters     ...        ...        ...         20  … 

Yarrow         ，，   ：•         13    ...  261,000 

Babcock  and  Wilcox  Superheaters     ...         29     ...  316,675 
Thornycroft  Superheaters       ...        ...         ―     ...  60,000 

Schmidt's    1,042    ...  1,322,092 


STEEL  IN  CUPOLA  MIXTURES. 

According  to  H.  M.  Ramp,  in  an  article  on  '(  Condensed  Steel 
Mixture  in  Machine-tool  Castings,"  in  the  "  American 
Machinist,"  the  admixture  of  steel  improves  the  strength,  fine- 
ness, and  uniformity  of  grain  and  corrects  the  internal 
shrinkage  of  cast  iron.  The  tensile  strength  is,  he  states, 
increased  more  than  transverse  strength.  According  to  an 
accepted  formula  multiplying  transverse  strength  of  cast  iron 
by  8'2  will  give  its  tensile  strength,  but  the  average  of  several 
hundred  tests  made  by  Mr.  Ramp  on  cast  iron  containing  25 
to  50  per  cent,  steel  scrap  in  the  mixture  shows  that  this 
factor  would  then  have  to  be  10*4.  With  the  mixtures  con- 
taining 5  to  10  per  cent,  steel,  the  multiplier  8'2  will  remain 
unchanged.  Iron  containing  40  per  cent,  steel  scrap  broke  at 
45,0001bs.  per  square  inch  with  the  inch  square  transverse 
bar  breaking  at  4，0501bs.  The  use  of  steel  increases  wearing 
efficiency  and  in  quantities  of  from  5  to  10  per  cent,  tends  to 
correct  the  evils  of  internal  shrinkage.  Some  of  the  dis- 
advantages in  the  use  of  steel  scrap  in  cast  iron  are  :  (1)  If 
the  silicon  runs  low  it  will  set  up  high  shrinkage  in  the  gates 
and  risers  and  in  the  castings  themselves.  (2)  If  the  phos- 
phorus is  low  the  iron  will  lose  its  life  more  quickly  than  iron 
of  the  same  composition  without  steel  and  will  not  run  so  well. 
(3)  It  develops  a  greater  degree  of  hardness  in  the  presence  of 
sulphur  and  appears  to  absorb  more  sulphur  during  the 
melting  process,  due  however  to  possibly  the  upe  of  more  fuel 
necessary  to  melt  and  reduce  it.  (4)  It  increases  the  con- 
traction of  cast  iron  from  the  pattern  size.  Steel  of  as  light  a 
section  and  as  uniform  in  composition  as  possible  should  be 
used.  Ten  per  cent,  more  fuel  is  necessary  than  in  an 
ordinary  heat  and  the  steel  should  always  be  charged  first. 
The  iron  must  not  be  used  until  a  full  charge  is  collected  in 
one  ladle,  to  avoid  the  variation  which  takes  place  if  tapped 
in  small  quantities. 


A  NEW  DRY  GAS  CLEANING  PROCESS. 

P 賺'. E.  Mayer,  of  Aachen,  in  a  contribution  to  "  Stahl  und 
Eisen，'，  gives  particulars  relating  to  the  comparatively  new 
(Irv  method  of  cleaning  blastfurnace  gas  operated  under  the 
\V.  F.  L.  Beth  patents,  and  we  are  indebted  to  "The  Iron 
Age  "  for  the  following  translation. 

The  plant  at  which  the  tests  were  made  is  the  Halberger 
Hiitte  in  Brebach,  the  arrangement  being  shown  in  the  illus- 
trations. In  general  it  consists  of  a  pre-cooler,  a  pre-heater, 
the  filter  boxes,  and  the  fan.  It  is  built  for  a  normal  capacity 
(" 10,600ft.  per  minute  measured  at  0°  C.  and  760  mm. 
pressure.  Photographs  of  plants  are  given  in  the  original 
paper,  one  at  the  Rochling  Eisen  und  Stahlwerke,  Volk- 
lingen,  giving  74,200  cub.  ft.  of  cleaned  gas  per  minute,  and 
another  at  the  Burbacher  Hiitte  under  construction,  which  is 
to  give  141,340  cub.  ft.  per  minute. 

The  raw  dirty  gas  comes  to  the  plant  at  greatly  varying 
temperatures.  Sometimes  it  is  at  only  50。  C.  and  is  then 
saturated  with  moisture  ；  at  other  times  it  occasionally  rises 
to  200°  C.  It  first  passes  through  the  pre-cooler,  being  cooled 
a  certain  specified  amount  to  60。  to  70。  C.，  and  then  it  goes 
to  the  pre-heater.  In  this  way  the  gas  is  put  in  condition 
so  that  it  does  not  injure  the  fibres  of  the  filtering  bags  by 
being  too  hot,  and,  on  the  other  hand,  it  is  so  far  overheated 
during  the  cleaning  process  it  remains  above  the  dew 
point.  In  this  way  disturbance  of  the  process  by  water 
being  deposited  in  the  pores  of  the  filtering  bags  is  prevented 
with  certainty.  Waste  gases  from  the  stoves  are  used  in  the 
pre-heaters,  being  drawn  through  pipes  by  a  fan.  In  excep- 
tional cases  where  the  waste  gases  exceed  200°  C.  in  tempera- 
ture and  the  pre-cooler  cannot  sufficiently  cool  the  gases,  the 
pre-heater  can  be  used  for  cooling  by  drawing  air  through 
the  pipes  instead  of  hot  waste  gases.  This  can  be  done  auto- 
matically by  means  of  an  electric  thermostat.  If  this  is  not 
sufficient  then  water  can  be  sprayed  automatically  into  the 
gas  in  the  pre-cooler  until  the  desired  temperature  is  reached. 
The  water  carried  over  by  the  gas  must  then  be  again 
vaporised  in  the  pre-heater. 

The  chief  cleaning  is  done  by  filtering  in  the  so-called 
filter  boxes.  They  are  made  up  of  several  divisions,  in  each 
of  which  hang  vertically  a  number  of  the  filter  bags,  open  at 
the  lower  end.  They  are  made  of  a  specially  prepared  cloth. 
The  gas  passes  through  these  bags  from  the  inside  and  from 
below,  the  dust  remaining  on  the  inside.  Some  falls  of  itself 
into  two  hoppers  at  the  bottom  of  the  filter  boxes  and  is 
removed  by  electrically-operated  screws  to  dust  boxes,  from 
which  it  is  taken  at  intervals  as  found  necessary.  The 
greater  part  of  the  dust  must,  however,  be  removed  from  the 
bags  by  a  special  process.  For  this  purpose  the  current  of 
gas  is  reversed  for  a  short  time,  in  any  particular  division  of 
the  filter  boxes,  by  means  of  a  reversing  valve.  Clean  gas 
taken  from  behind  the  fan,  and  therefore  at  high  pressure, 
passes  through  the  bags  from  the  outside  to  the  】ower  part 
of  the  filter  boxes.  At  the  same  time  the  bags  are  shaken  by 
suitable  mechanism  and  thorough  cleaning  is  the  result. 
This  gas  used  for  cleaning  is  heated  by  a  Beth  patented  pro- 
cess, so  as  to  avoid  clogging  up  and  dirtying  the  bags  with 
separated  moisture.  In  the  illustrations  two  divisions  are 
shown  at  the  left,  one  in  normal  operation,  while  the  other 
is  represented  as  being  cleaned.  The  results  of  the  test  are 
given  in  the  table.  This  test  was  carried  out  under  the 
personal  supervision  of  Prof.  Mayer  for  the  Blastfurnace 
Committee  of  the  Verein  deutscher  Eisenhiittenleute.  It 
extended  over  several  days,  the  greatest  care  being  taken  to 
get  accurate  results. 

The  test  was  made  in  April,  1912,  the  filter  bags  having 
already  been  in  service  for  eight  months.  Between  the  fan 
and  the  gas  engines  there  are  two  cooling  towers.  Behind  the 
fan  the  dust  contents  of  the  gas  were  0*0052  gr.  per  cubic 
foot.  The  results  show  that  the  plant  was  being  burdened 
30  per  cent,  over  its  normal  capacity.  The  dew  point  of  the 
gas  containing  56*37  grs.  moisture  per  cubic  foot  is  about 
54°  C.  ；  it  leaves  the  fan  at  69°  C.，  which  is  15°  C.  excess 
temperature. 

The  remainder  of  the  paper  is  taken  up  with  a  discussion 
of  the  effect  of  the  moisture  contents,  which  is  high  compared 
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with  that  oC  ^as  cleaned  and  cooled  by  wet   processes.  Tl"' 
tVclitig  is  oH-en  expressed  t  lial  such  ^a,s  is  not  so  suiU'l'' 
cumhust  ion  in  i\iv  stoves.     Ho  believes  t lial  t  he  lie;",  requin'd 

Results  of  the  Test. 


Amount-  of  cleaned  <>;mh  fwrnislicd  jht  miimtc  ： ― 

At  62°  C.  and  758  mm   I(i,s:W  cu.  ft  . 

, At  0°  (1  and  760  mm   13,713  cu.  ft. 

Dust  contained  in  raw  gas  (()"      and  7(10  nmi. )  per  cu.  I'( . .  .  I  -  Si* 卩 r. 
JJusi  in  clcaiUMl  ^as,  jusi,  in  t'nmt  of  ^as  engines  (0°  G.， 

760  mm.)    0-00010  gr. 

Stati pressure  in  the  raw  ^a,s  main    I  ■  ； i2  "/,. 

Static  pressure  in  the  clean  ^as  main    4*  44  、、■/.. 

Tcmpcratviir,  raw  gas  main   07 '8°  G. 

Tonijx'ratuiv,  cloan  gas  main    62-0°  C. 

Moisture  contained  in  clean  gas  (22°  C.  and  748  nuti.)  per 

cu.  ft  -.  •   56-37  gr. 

Total  power,  measured  at  the  throe  motor  shafts   (>(>•  S  h.p. 

Pouor  used  by  fan  to  give  3- 12  extra  <>/..  prcssurr  ....  22-4  h.p. 

Power  for  tho  cleaning  process  alone   44*4  ii.  p. 

Power  required  per  1,000  <mi.  ft.  clean  gas  (at  0°  C.  and 

!(')()  tnin.  pressuiv)  without  increase  of  pressure   ....  ：{•  24  h.p. 
Power  required  for  1,000  cu.  ft.  clean  gas,  per  2-275  (>'/-. 

incroasetl  })rossure  (100  mm.  H.2())   I  •  1!)  Ii.  |». 


INFLUENCt  OF  ALUMINIUM  UPON  STtEL  IN  INGOTS 
AND  RAILS. 

At  the  annual  meeting  of  the  American  Railway  Kiigiiiceriu^ 
Association  a  report  of  the  committee  ou  rails  was  presented 
in  which  Mr.  M .  II.  Wickhorst  gave  the  results  of  an  in  - 
tigation  made  to  ascertain  the  influence  of  aluminium  on 
Bessemer  ingots  and  rails,  when  added  to  the  moulds  while 
pouring  the  steel.  Some  tests  were  also  made  to  ascertain 
the  influence  of  silicon  on  !'»«  i'm'  r  rails  wlien  added  as  fcrro- 
silicon  to  the  moulds.  Four  ingots  were  split  open  and  a 
chemical  survey  was  made  of  these  ；  11  were  rolled  into  851b. 
or  901b.  rails  and  used  for  drop  tests  and  iran^vcrs (；  tests  of 
the  base.  This  work  was  done  at  the  South  Chicago  works 
of  the  Illinois  Steel  Company,  which  furnished  all  tlie 
material.  Five  ingots  were  of  untreated  Bessemer  steel,  eiglit 
were  treated  with  aluminium  varying  from  loz.  to  lOoz.  per 
ton  of  steel,  and  two  ingots  were  treated  with  additions  of 
ferro-silicon  equivalent  to  01  and  0  2  per  cent,  of  silicon 
respectively.    These  latter  were  rolled  into  rails. 

The  ingots  used  for  splitting  and  chemical  survey  had 
about  0'44  per  cent,  carbon.  The  plain  ingot  had  a  large 
central  cavity  or  pipe  in  the  upper  part  and  a  large  number 
of  small  elongated  holes  along  the  sides  in  the  upper  part. 


II 
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to  dissociate  the  moisture  is  completely  recovered,  for  with 
any  decrease  in  flame  temperature  the  water  forms  again, 
giving  off  the  same  heat  previously  taken  for  its  dissociation. 
He  also  believes  that  higher  flame  temperatures  will  Le 
reached  because  of  the  far  better  mixing  of  gas  and  air  that 
can  be  obtained  in  the  burners,  due  to  using  cleaned  gas  free 
from  dust. 


Association  of  Railway  Signal  Engineers. — The  48th  confeifii. f 
of  the  Association  of  Railway  Companies'  Signal  SuperinttMi- 
dents  and  Signal  Engineers  (England)  will  be  held  at  t  \w 
Railway  Clearing  House,  London,  on  Tliursdav,  》】a\'  7lh. 
1914. 


This  ingot  also  had  a  raised  top.  The  other  three  ingots 
treated  respectively  with  loz.,  2oz.，  and  5oz.  of  aluminium  per 
ton  of  steel ,  had  somewhat  larger  pipes,  but  were  free  from 
the  small  elongated  holes  along  the  sides.  They  had  flat  or 
sunken  tops.  Expressed  difTerently,  the  aluminium-tr, 'it'  ll 
ingots  had  larger  pipes,  but  contained  denser  steel  around  tlio 
pipes.  One  ounce  of  aluminium  per  ton  had  considerable 
influence  in  this  direction  and  the  effect  increased  a  little 
with  increase  of  aluminium.  The  chemical  surveys  showed  a 
more  even  distribution  of  the  material  in  the  aluniiniuni- 
treated  ingots  with  less  segregation  or  concent  ration  of  carbon, 
phosplioni^  and  ^wl])liur  in  the  interior  and  upper  part . 
Both  plain  and  treated  ingots  showed  "  soft  centres  '，  in  the 
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lower  part  of  the  ingot,  i.e.,  there  was  negative  segregation 
of  carbon,  phosphorus,  and  sulphur  in  the  interior  and  lower 
part  of  the  ingot.  The  walls  of  the  treated  ingots  showed  a 
t'airlv  uniform  composition  throughout  their  heights.  The 
jilain  ingot  showed  a  considerable  softening  or  negative  seg- 
regation in  the  upper  corners.  The  carbon,  phosphorus,  and 
sulphur  increased  in  the  wall  downward  until  the  average 
composition  of  the  steel  was  reached  at  about  one-third  of  the 
height  from  the  top,  after  which  the  wall  remained  of  about 
uniform  composition. 

Rails  were  made  of  steel  of  two  grades  of  hardness,  one  of 
about  0*45  per  cent,  carbon  rolled  into  851b.  rails  and  the 
ol  lier  of  about  0'61  per  cent,  carbon  rolled  into  901b.  rails. 
Some  were  of  plain  steel,  some  treated  with  aluminium  varying 
from  2oz.  to  lOoz.  per  ton  and  two  were  treated  with  O'l  and 
0'2  per  cent,  of  silicon  added  as  ferro-silicon.  In  the  drop 
tests,  the  use  of  aluminium  was  in  general  attended  with  a 
considerable  increase  in  ductility  in  the  upper  part  of  the  bar, 
where  the  ductility  was  low  in  the  plain  steel,  especially  with 
the  higher  carbon.  The  addition  of  silicon  had  a  similar  effect 
especially  with  the  0"2  per  cent,  addition.  With  the  0"45  per 
cent,  carbon  steel,  the  average  ductility  of  the  whole  bar  was 
about  the  same  in  the  aluminium  treated  as  in  the  plain  steel, 
but  with  the  0*61  per  cent,  carbon  steel,  it  was  considerably 
greater  in  the  aluniinium-treated  bars.  The  aluminium 
additions  and  the  larger  additions  of  silicon  were  attended 
with  interior  flaws  extending  downward  a  considerable 
distance  (30  to  45  per  cent,  of  the  weight  of  the  ingot)  from 
the  top,  while  with  plain  steel  interior  laminations  as  seen  in 
the  fractures  of  the  drop-test  pieces  were  absent  or  close  to 
the  top  end.  The  aluminium  and  silicon  additions  were  made 
to  the  moulds  while  pouring,  the  steel,  and  whether  the 
interior  laminations  in  the  rails  would  occur  in  the  same  way 
if  the  additions  were  made  to  the  ladle  before  pouring  the 
steel  into  the  moulds,  this  investigation  does  not  show. 

Incidental  to  this  work,  some  results  were  obtained  concern- 
ing the  influence  of  carbon  on  ductility  as  measured  in  the  drop 
tost.  The  elongation  for  0*45  per  cent,  carbon  averaged  about 
27  per  cent,  and  for  0*61  per  cent,  carbon  about  17  per  cent. 
Roughly,  the  elongation  decreased  0'6  per  cent,  for  each  0*01 
per  cent,  increase  in  carbon,  between  the  above  carbon  limits. 
Transverse  tests  of  the  base  were  made  by  supporting  pieces  of 
rail  2ft.  long,  on  two  supports  placed  opposite  each  other  near 
the  edges  of  the  flanges  under  the  middle  of  the  length  of  the 
piece  tested.  The  supports  were  6in.  long  and  were  placed 
lin.  in  from  the  sides  of  the  flanges.  The  load  was  applied  in 
the  test  machine  to  the  head  of  the  rail  at  the  middle.  With 
the  0*61  per  cent,  carbon  steel,  treatment  with  2oz.  of 
aluminium  was  attended  with  considerable  increase  in  trans- 
verse strength  and  sag  of  flange  before  breaking.  With  treat- 
ments with  5oz.  and  lOoz.  of  aluminium  per  ton  of  steel,  there 
were  some  further  increases.  With  the  0'45  per  cent,  carbon 
steel,  there  were  small  increases  in  transverse  strength  and 
sag  of  flange  with  the  alu minium  treatments  as  against  plain 
steel . 

To  sum  up,  ingots  treated  with  aluminium  added  to  the 
mould  were  of  more  even  composition  throughout  than  plain 
Bessemer  steel.  There  was  less  positive  segregation  in  the 
interior  and  upper  part  of  the  ingot,  but  the  negative  segre- 
gation or  soft  centre  in  the  interior  and  lower  parts  of  the 
ingot  was  about  the  same.  There  was  a  softening  or  negative 
segregation  in  the  upper  part  of  the  wall  of  the  plain  ingotj 
while  in  the  aluniinium-treated  ingots  the  walls  were  of  fairly 
even  composition  throughout  the  height  of  the  ingot. 
Aluminium-treated  ingots  had  larger  and  deeper  pipes  than 
plain  steel,  but  had  denser  steel  around  the  pipes. 

Rails  of  plain  steel  had  a  brittle  zone  in  the  upper  part 
of  the  bar  as  disclosed  by  the  drop  test.  In  the  rails  of 
aluniinium-treated  steel  this  zone  was  largely  eliminated, 
li ails  of  plain  steel  contained  their  laminations  close  to  the 
top  end  of  the  bar,  while  in  aluminium-treated  rails,  the  in- 
terior laminations  were  found  a  considerable  distance  from 
the  top  end,  varying  from  about  30  to  45  per  cent,  of  the 
weight  of  the  ingot.  In  the  transverse  test  of  the  base,  rails 
of  aluminium-treated  steel  showed  a  considerably  greater 
transverse  strength  of  the  base  and  sag  of  the  flange  before 
breaking  than  the  rails  of  plain  steel,  with  0'61  per  cent, 
carbon,  and  a  little  greater  strength  and  sag  of  flange  with 
0*45  per  cent,  carbon. 


STOP  VALVE  FOR  SUPERHEATED  STEAM. 

Stop  valves  are  well  known  in  which  the  inlet  and  outlet 
taper  like  a  nozzle  towards  the  closure  member  proper,  the 
narrowest  cross-sections  of  the  two  nozzles  being,  however, 
equally  large.  The  object  of  this  arrangement  is  that  the 
pressure  medium  may  flow  on  the  Venturi  principle  without 
material  fall  of  pressure.  In  a  valve  formed  in  this  manner, 
however,  even  when  the  cross-section  of  the  outlet  nozzle  is 
enlarged  only  a  little  directly  at  the  gate,  no  pressure  below 
atmospheric  can  be  produced  round  the  valve  chamber, 
because  there  can  be  no  injector-like  action  of  the  two  nozzles 
when  the  narrowest  cross-section  of  passage  is  equal.  The 
design  of  stop  valve  illustrated,  the  invention  of  Mr.  Hugo 
Lentz,  of  18，  Borninierstrasse,  Halensee,  near  Berlin,  is  based 
oil  using  a  certain,  even  if  exceedingly  small,  part  of  Die 
energy  of  flow  of  the  pressure  medium  for  producing  a  pres- 
sure below  atmospheric  about  the  closure  member  ；  this  low 
pressure  allows  the  latter  to  be  packed  with  very  simple 
means  and  enables  the  valve  box  to  be  formed  in  a  simple 
inannei',  whatever  size  the  stop  valve  may  be.  This  pressure 
below  atmospheric  is  obtained  by  making  the  narrowest  cross- 
section  of  the  outlet  or  discharge  nozzle  larger  than  the 
narrowest  cross-section  of  the  inlet  or  admission  nozzle  ；  the 
magnitude  of  the  difference  between  the  two  will  depend, 
according  to  the  size  of  the  valve,  on  the    pressure  below 

atmospheric  which  is  pro- 
duced, as  in  an  injector, 
being  sufficient  for  enabling 
the  valve  disc  or  gate  and 
the  spindle  which  actuates 
the  latter  to  be  simply  and 
readily  packed,  and  the 
spindle  to  be  readily  lubri- 
cated. In  such  a  form  the 
valve  disc  or  gate  can  be 
actuated  very  readily  because 
the  full  pressure  does  not  act 
on  the  spindle.  As  a  fall  of 
temperature  is  connected 
with  the  pressure  below  at- 
mospheric that  part  of  the 
valve  box  which  contains  the 
valve  disc  or  gate  will  have 
a  lower  temperature  than 
the  pressure  medium  which 
flows  through  it,  so  that  the 
heat  radiated  ^by  the  valve 
box  is  materially  diminished.  The  connection  of  a  small  and 
a  large  nozzle  in  series  also  has  the  material  advantage  that 
the  pressure  medium  passes  smoothly  over  the  joint  and  the 
formation  of  eddies  is  avoided. 

Referring  to  the  illustration,  the  valve  box  A  has  an  inlet 
or  admission  nozzle  B  and  an  outlet  or  delivery  nozzle  C 
which  can  be  separated  by  the  gate  F.  Both  nozzles  taper 
towards  the  gate  F，  but  the  narrowest  cross-section  M  of  the 
inlet  nozzle  B  at  the  end  thereof  is  smaller  than  the  narrowest 
cross-section  N  of  the  outlet  nozzle  C，  the  difference  between 
the  two  sections  being  designated  O.  Surrounding  the 
adjacent  ends  of  the  two  nozzles  separated  from  one  another 
by  a  distance  equal  to  the  breadth  of  the  gate  is  a  chamber 
or  space  E  which  receives  the  gate  P.  This  gate  is  connected 
above  to  a  threaded  spindle  G  which  engages  with  a  t'orre- 
sponding  sleeve  K，  which  in  turn  is  rotatably  mounted  in  the 
l)onnet  D，  but  is  prevented  from  axial  displacement  by  a 
collar  J  and  the  cover  L.  A  hand  wheel  is  attached  to  the 
nut  K.  When  the  hand  wheel  is  turned  the  spindle  G  of  the 
gate  F  shifts  inside  the  nut  H，  whereby  the  gate  can  be 
opened  or  closed.  When  the  valve  is  open,  in  consequence 
of  the  shape  of  the  nozzles  and  of  the  larger  cross-section  of 
passage  of  the  outlet  nozzle  at  the  gate,  a  pressure  below 
atmospheric  is  produced  as  in  an  injector  in  the  chamber  or 
s]>ace  E  which  has  to  be  packed,  whereby  the  above-mentioned 
adv;i  nt  a^es  are  obtained.  By  suitably  selecting  the  annular 
cross-section  O  it  is  possible  to  pack  valves  of  all  sizey  in  a 
simple  maimer. 


Stop  Valvj;  for  Supj;i{hi:at];d  Stj:.、m. 


April  24,  1914] 


THEi    MECHANICAL  ENCHXEER. 


PRESENT  POSITION  OF  DIESEL  ENGINES  FOR  MARINE 
PURPOSES.- 

IiY  J.  T.  MILTON. 

Thekk  arc  st  、('r;il  types  of  Diesel  engine  at  i"es('i"  working  nt 
sea,  and  .soinc  otht'rs  are  in  course  of  const  ruction .  1 1  is  pro- 
posed first  to  mention  the  principal  features  eacli  t  v[)e,  then 
to  give  as  tar  as  possible  a  statement  of  the  experience  with 
the  vessels  fitted  with  each  of  the  types,  and  finally  to  ofTer 
some  remarks  upon  the  different  points  which  these  experi- 
ences have  shown  to  require  consideration. 

Diesel  engines  are  broadly  divided  into  two  classes,  viz. , 
t  lie  lJ-st  roke  and  the  4- stroke  cycle  res])ect  ively .  I  >i  hot  li  t  ypes  a 
cylinder  full  of  air  at  atmospheric  pressure  is  compressed  by 
tlie  piston  till  at  the  top  centre  its  pressure  becomes  about 
5001bs.  per  square  inch.  The  compression  raises  its  teni]>er;L- 
ture  to  about  1,000°  Fall.  At  this  instant  a  small  quantity  of 
oil  fuel  is  blown  into  the  very  hot  high-pressure  air  by  means 
of  a  blast  of  air  at  still  higher  pressure.  The  arrangement 
of  the  fuel  valve  and  its  gear  is  such  that  the  oil  is  broken  into 
a  fine  spray,  and  its  admission  lasts  only  for  the  short  time 
wliicli  it  takes  for  the  piston  to  perform  about  one-tenth  of  its 
downward  stroke.  During  this  short  time  much  of  the  oil 
becomes  burned  in  the  hot  air.  The  heat  generated  by  the 
combustion  raises  the  temperature  considerably,  and  con- 
sequently must  increase  either  or  both  the  pressure  and  the 
volume  occupied.  What  is  aimed  at  is  that  the  combustion 
should  proceed  at  the  critical  rate  which  would  permit  the 
increase  of  volume  occupied  due  to  the  motion  of  the  piston 
and  the  increase  of  temperature  to  be  so  balanced  that  the 
pressure  will  remain  constant  until  the  whole  of  the  oil  has 
been  burned.  After  this  the  expansion  of  the  hot  gas  will 
still  further  push  the  piston  down,  and  the  pressure  will 
rapidly  decrease.  The  temperature  will  also  rapidly  fall, 
mainly  through  the  conversion  of  some  of  the  heat  into  work, 
but  partly  also  by  some  of  it  being  conveyed  into  the  cylinder 
surfaces,  these  being  kept  comparatively  cool  by  water 
circulation.  The  maximum  temperatures  actually  attained  in 
the  cylinders  are  very  high,  approximating  in  some  cases  to 
nearly  3,000°  Fah.  It  is  these  excessively  high  temperatures 
which  occasion  some  of  the  special  difficulties  of  Diesel  engines. 
It  is  necessary  to  keep  the  rubbing  surfaces  of  the  metal, 
which  is  exposed  to  the  hot  gases,  sufficiently  cool  to  permit 
of  theii*  retaining  their  lubrication,  and  it  is  also  necessa i"v  "> 
prevent  all  the  metal  with  which  the  heat  comes  into  contact 
from  becoming  so  overheated  as  to  damage  its  strain-resisting 
properties. 

The  foregoing  remarks  apply  to  all  types  of  Diesel  engines. 
In  the  case  of  the  2-stroke  vycie  engine,  just  before  the  com- 
pletion of  the  expansion  stroke  the  piston  uncovers  some  ports 
in  the  lower  part  of  the  cylinder  walls  leading  into  an  exhaust 
passage,  and  a  considerable  portion  of  the  hot  gas  escapes, 
the  pressure  falling  to  about  that  of  the  atmosphere  ；  then  in 
some  designs  some  valves  in  the  cylinder  cover  are  opened,  and 
fresh  air  supplied  by  the  scavenge  pump  at  a  pressure  of 
about  41bs.  per  square  inch  blows  out  the  remainder  of  the 
burnt  gas,  leaving  the  cylinder  full  of  fresh  air  ready  to  be 
compressed  by  the  return  stroke  of  the  piston.  In  some 
designs  the  exliaust  ports  are  placed  on  one  side  only  of  the 
lower  end  of  the  cylinder,  and  on  the  other  side  similar  ports, 
also,  opened  by  the  travel  of  the  piston  but  at  a  somewhat 
later  instant,  admit  the  scavenge  air.  In  these  cases  the  tops 
of  the  pistons  are  curved  to  direct  the  entering  air  upwards, 
and  it  is  claimed  that  the  scavenge  air  travels  right  to  the  ton 
of  the  cylinder  and  entirely  displaces  the  burnt  air.  In  these 
latter  designs  the  scavenge  valves  and  the  gear  for  working 
them  are  dispensed  with,  and  consequently  the  engines  are  to 
some  extent  simplified. 

In  the  "  Junkers  ，，  engine,  whicli  is  another  type  of  the 
2-cycle  engine  and  which  will  be  referred  to  later,  there  are 
two  pistons  working  in  one  cylinder.  The  exhaust  ports  are 
disposed  round  one  end  of  the  cylinder  and  are  controlled  by 
one  piston  in  the  manner  first  described,  while  the  scavenge 
ports  are  placed  at  the  other  end  and  are  similarly  controlled 
by  the  other  piston.    The  scavenge   air  in   this  case  sweeps 
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straiglit  ilirougli  the  cylinder,  as  it  does  in  the  type  of  ciw' 
with  scavenge  valves  situated  in  cylinder  covers. 

I  n  the  4 -stroke  cycle  engine  the  exliaust  t  akes  place 
t  lirough  valves  in  the  cylinder  covers,  tlie  gases  bein^  piislic*! 
out  by  the  piston  on  its  ret  urn  stroke.  Din  ing  t  next  Mrok'' 
fresli  air  is  drawn  into  t  lie  cvlind er  ilirougli  ot  Iut  valves  a K ( » 
situated  in  the  cylinder  cover.  It  is  c()Mipr''、、《'l  during  the 
third  stroke,  and  the  fuel  is  then  admit  \  c<l  in  tl"，  >am'* 
manner  at  the  commencement  of  the  next  stroke  as  in  tlie 
2-stroke  cycle  type. 

It  will  be  observed  that  in  t Iw  'J-s( roko  <•}*<•] e  there  is 
impulse  in  each  cylinder  every  revolution,  while  in  t  Im* 
4-stroke  cycle  there  is  only  one  impulse  per  two  revolutions,  so 
that  with  the  same  diameter  of  cylinder  and  tlie  sanu*  j'i  t  on 
speed  double  the  number  of  cylinders  have  to  be  used  with  a 
4-stroke  compared  with  a  2-stroke  engine  of  the  same  power, 
if  the  same  mean  pressures  are  maintained. 

In  both  types  a  considerable  part  of  the  energy  exerted 
during  the  impulse  stroke  is  used  up  in  the  following  com- 
pression stroke.  Also  in  the  2-stroke  cycle  large  scavenge  air 
pumps  have  to  be  provided  having  an  aggregate  capacity 
greater  than  that  of  the  whole  of  the  cylinders,  and  con- 
siderable power  is  expended  in  working  these  pumps,  and  this 
must  be  taken  off  the  effective  power  ot  the  engine. 

On  the  other  hand  the  4-stroke  cycle  engine  has  the  engine 
friction  (pistons,  guides,  shafts,  during  twice  the  number 
of  strokes  as  compared  with  the  2-stroke  cycle,  and  it  also  has 
to  be  provided  with  exhaust  valves  and  gear  to  work  them 
which  are  not  required  in  2-stroke  cycle  engines.  On  the 
whole  there  is  no  doubt  that  while  the  "indicated  ，，  power 
obtained  from  a  stated  quantity  of  oil  is  about  the  same  in 
both  types  of  engines  working  under  similar  conditions  of 
compression  and  fuel  supply,  the  4-stroke  cycle  is  somewhat 
more  efficient  tb an  the  other  in  that  a  larger  proportion  of  the 
power  exerted  on  the  pistons  is  transmitted  to  the  screw, 
owing  to  no  scavenge  air  having  to  be  supplied. 

In  land  Diesel  engines  there  are  no  piston  rods,  and  con- 
sequently no  piston  rod  guides.  The  pistons  are  made  in  t he 
form  of  trunks.  They  are  fitted  with  fixed  gudgeons  upon 
whicli  the  connecting  rod  top  ends  work,  and  the  sides  of  the 
trunks  rubbing  on  the  cylinder  walls  form  guides  for  taking 
the  side  thrust  of  the  connecting  rods.  This  form  has  net 
found  favour  with  marine  engineers,  only  one  large  vessel, 
viz.,  the  "  France,"  being  fitted  with  this  type  of  engine.  In 
her  case  the  engines  were  made  by  Messrs.  Schneider,  of 
Creusot,  from  designs  by  Messrs.  Carels  Freres.  In  all  other 
large  marine  Diesel  engines  the  pistons  have  been  fitted  with 
piston  rods,  the  lower  ends  of  wliicli  are  arranged  with  guides. 
Specially  forced  lubrication  has  always  to  be  arranged  for 
providing  a  small  but  continuous  supply  of  high-class  mineral 
oil  for  lubricating  each  piston  in  its  cylinder.  In  some  cases 
the  engines  have  all  the  other  principal  working  parts  lubri- 
cated by  a  circulation  of  oil  under  pressure,  and  in  con- 
sequence these  parts  are  all  enclosed  in  a  casing  for  containing 
the  splash  oil,  which  is  collected,  filtered,  and  cooled,  and  can 
then  be  used  over  and  over  again.  Other  engines  are 
lubricated  in  the  manner  commonly  employed  in  marine 
steam  engines,  and  are  made  of  the  "  open  "  type.  Each  >tyle 
has  its  advantages  and  disadvantages  as  compared  with  the 
other. 

All  Diesel  engines  require  to  have  compressed  air  for 
manoeuvring  and  for  blowing  in  the  fuel.  The  air  for  both  of 
these  purposes  has  to  be  supplied  by  special  compressors.  Of 
these  there  are  several  types.  In  most  cases,  but  not  in  all, 
the  air  for  manoeuvring  is  stored  at  a  lower  pressure  than  that 
which  is  required  for  fuel  injection.  This  is  generally  con- 
sidered to  be  the  preferable  method.  It  certainly  is  much 
safer,  as  the  manoeuvring  valves  must  be  arranged  to  perniit 
the  air  pressure  to  be  carried  for  a  considerable  part  of  tlie 
stroke,  and  it  is  not  prudent  to  have  to  depend  only  upon 
wiredrawing  the  air  to  prevent  an  excessive  amount  of  air 
pressure  entering  the  cylinder  and  unduly  straining  tlie 
niechanisin.  Besides,  a  comparatively  low  and  therefore  safe 
air  pressure  is  capable  of  doing  all  that  is  required. 

In  Messrs.  Burmeister  &  、Vain's  engines  of  tlie  •'  Selandia  " 
type,  the  manoeuvring  air  is  taken  from  low-pressu  re 
reservoirs  which  are  charged  by  compressors 
worked  by  auxiliary  Diesel  engines.  A  hi^li-pressure 
compressor   worked   by    each    main    engine    also    takes  its 
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supply  from  the  same  reservoirs,  and  further  com- 
presses air  into  other  receivers  from  which  the  injection 
air  is  taken.  In  the  "  Werkspoor  "  engines  the  main  com- 
pressors are  of  the  3-stage  tandem  type  worked  by  levers  frorc 
the  main  engines.  In  the  engines  made  by  Messrs.  F.  Krupp 
and  Co.,  at  Kiel,  the  compressors  are  of  the  Reavell  type, 
worked  by  auxiliary  oil  engines  and  not  by  the  main  engines. 
In  the  engines  of  the  "  France,"  which  are  of  the  Carels  type, 
the  compressor  is  a  3-stage  tandem,  worked  direct  from  the 
main  engine  by  a  special  crank  and  connecting  rod.  In  the 
engines  of  the  "  Fordcmian，"  "  Eavestone,"  "  Wotan,"  and 
" Rolandseck/'  all  of  which  are  also  of  the  Carels  design,  the 
compressors  are  of  the  Reavell  type,  worked  by  the  main 
engine.  In  the  Niirnberg  design  of  engine  for  cargo  vessels, 
the  compressor  is  tandem  3-stage,  worked  by  levers  from  the 
main  engine.  In  the  "  Monte  Penedo/'  the  engines  were 
made  by  Messrs.  Sulzer  Bros"  of  Winterthur,  and  the  com- 
pressors are  also  3-stage  tandem,  worked  by  levers  from  the 
main  engines . 

In  all  cases  auxiliary  compressors  have  to  be  provided  for 
in  addition  to  the  main  compressors.  These  are  necessary 
both  as  a  stand-by  in  case  of  derangement  of  the  main  com- 
pressor, and  also  for  supplying  the  extra  air  required  for 
manoeuvring  the  engines  when  entering  docks,  picking  up 
moorings,  &c.  It  will  be  seen  that  there  is  a  great  diversity 
both  in  the  types  of  compressor  and  in  the  methods  of 
working  them.  The  consensus  of  opinion  amongst  marine 
engineers  now  is  that  in  all  cases  of  engines  of  small  or 
medium  power  it  is  best  to  arrange  the  mam  compressors  and 
also  the  scaveuge  pumps,  where  these  are  required,  to  be 
worked  by  the  main  engines  ；  but  in  engines  of  large  powers, 
in  which  the  power  required  to  work  these  accessories  is  con- 
siderable, it  will  become  advisable  to  have  them  independent 
of  the  main  engines,  to  enable  the  sizes  of  the  cylinders  of  the 
main  engines  to  be  kept  as  small  as  possible.  This  is  due  to 
the  recognised  fact  that  the  difficulties  inherent  in  the  Diesel 
engine  become  accentuated  with  increase  of  diameter  of 
cylinder. 

A  special  feature  of  the  engines  made  at  Stockholm  and 
also  those  made  by  Messrs.  Swan,  Hunter,  &  Wigham 
Richardson,  of  Wallsend,  and  by  Messrs.  Benz  &;  Co.，  of 
Mannheim,  is  that  the  mechanism  of  the  scavenge  pumps  is 
used  for  manoeuvring  the  engines.  In  most  of  these  engines 
there  are  two  pumps  which  in  ordinary  running  supply  the 
scavenge  air.  These  are  worked  by  a  supplementary  crank 
shaft  in  line  with  aud  connected  to  the  main  crauk  shaft. 
This  supplementary  shaft  has  two  cranks  at  right  angles.  The 
scavenge  pumps  are  double-acting,  and  the  arrangement  pro- 
vides a  fairly  uniform  supply  of  scavenge  air.  When  -  lie 
engines  have  to  be  manoeuvred  by  compressed  air  no  scavenge 
air  is  required  and  these  scavenge  pumps  virtually  become 
working  cylinders  for  driving  the  shaft.  They  are  supplied 
with  compressed  air  from  the  receivers  and  work  in  a  manner 
similar  to  that  of  a  2-cylinder  double-acting  steam  engine.  In 
the  largest  engines  made  at  Stockholm,  fitted  in  the  "  Sebas- 
tian," the  arrangement  is  that  there  is  one  scavenge  pump 
immediately  below  each  working  cylinder,  its  piston  being 
connected  to  the  working  cylinder  piston  rod.  As  in  the  other 
design  the  scavenge  pistons,  acted  upon  by  compressed  air, 
are  used  for  manoeuvring. 

The  "  Junkers  "  engine  has  been  mentioned  as  being  one 
of  the  types  of  2-stroke  cycle.  This  has  been  made  in  two 
forms,  tlie  simple  and  the  "taiidem."  In  the  simple  Junkers 
engine  the  cylinder  is  made  open  at  both  ends  and  has  two 
pistons  fitted  in  it,  The  crank  shaft  has  three  cranks  for  each 
cylinder.  The  first  and  third  are  in  the  same  phase,  the 
second,  which  is  between  the  other  two,  being  opposite  to 
them.  The  bottom  piston  has  a  piston  rod  which  is  fitted  with 
a  guide,  and  its  connecting  rod  connects  it  in  the  usual 
manner  to  the  central  crank  pin.  The  upper  piston  lias  its 
rod  passing  out  of  the  top  of  the  cylinder  and  connected  to  a 
guided  crosshead.  Side  rods  connect  the  ends  of  this  cross- 
head  to  side  connecting  rods,  which  work  upon  the  two  outer 
(1st  and  3rd)  crank  pins,  the  top  ends  of  these  connecting  rods 
"ing  guided  similar  to  the  upper  end  of  the  centre  con- 
necting rod.  The  arrangement  is  such  that  the  two  pistons 
work  in  opposite  directions  in  synchronism  in  such  a  way  that 
they  are  bolli  at'  the  centre  of  the  cylinder  when  the  niicldlc 
crank  is  at  the  top  centre,  and  both  at  the  ends  of  the  cylinder 


when  it  is  at  the  bottom  centre.  As  has  been  mentioned,  the 
scavenge  air  ports  are  at  one  end  and  the  exhaust  ports  at 
the  other  end  of  the  cylinder,  both  being  fully  uncovered  by 
the  two  pistons  at  the  instant  when  the  pistons  are  at  the 
ends  of  the  stroke.  The  only  valves  required  in  each  cylinder 
are  the  fuel  valve  and  the  air  starting  valve  and  a  relief  valve, 
all  of  which  enter  the  cylinder  at  the  middle  of  its  length. 

There  are  certain  advantages  claimed  for  this  engine,  the 
principal  being  that  in  proportion  to  the  effective  stroke  (sum 
of  the  strokes  of  two  pistons)  the  engine  requires  less  lieight 
than  any  other  type  of  Diesel  engine.  Also  tliere  are  no 
cylinder  covers  required,  parts  which  in  some  engines  have 
given  considerable  trouble,  and  there  being  no  covers  the  gas 
in  the  cylinder  does  not  lose  so  much  heat  to  the  cooling 
water,  and  a  higher  heat  efficiency  is  therefore  obtained.  The 
valve  gear  is  reduced  to  a  minimum.  The  bending  strain  on 
the  crank  shaft  is  very  much  less  than  in  an  ordinary  Diesel 
engine  of  the  same  power,  and  consequently  a  smaller  shaft 
can  be  used  There  are  very  small  loads  on  the  main  bearings, 
and  therefore  there  is  a  minimum  of  shaft  friction.  On  the 
other  hand  there  are  three  connecting  rods  and  their  accom- 
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panying  rods  and  guides  instead  of  one,  although  each  one  is 
much  lighter,  three  crank  pin  brasses  to  lubricate,  and  there 
are  also  the  guides  of  the  side  rods  requiring  attention. 

In  the  "  Tandem  "  type  a  second  cylinder  is  provided  in 
line  with,  but  above  the  lower  one.  This  also  is  provided  with 
two  pistons.  The  lower  is  connected  to  the  same  crosshead  as 
the  upper  piston  of  the  lower  cylinder,  and  works  in  unison 
with  it.  The  upper  piston  is  connected  to  a  crosshead  in  a 
plane  at  right  angles  to  that  connected  to  the  middle  pistons, 
and  t  his  is  connected  by  side  rods  to  the  guide  of  the  lowest 
piston  of  the  lower  cylinder.  The  arrangement  provides  that 
the  pistons  of  the  upper  cylinder  are  at  the  centre  of  their 
cylinder  when  those  of  the  lower  cylinder  are  at  the  ends  of 
their  stroke  and  vice  versa.  By  this  means  the  pair  of 
cylinders  with  their  four  pistons  produce  the  effect  of  one 
double-acting  cylinder,  whereas,  when  only  one  cylinder  is 
used,  the  action  is  that  of  a  single-acting  cylinder.  As  the 
impulse  stroke  of  the  upper  cylinder  occurs  during  the  com- 
pression stroke  of  the  lower  and  vice  versa,  the  effect  of  the 
two  cylinders  in  tandem  is  to  obtain  double  the  power  of  the 
one  cylinder  without  increasing  the  maximum  strain  on  the 
crank  aud  other  shafts.  The  Junkers  engine  in  its  tandem 
for'n  has  been  made  by  the  Weser  Company,  of  Bremerhaven, 
for  a  vessel  owned  by  the  Hambui'g-Amei'ika  Company.  They 
have,  however,  not  yet  been  tested  at  sea.    The  simple  form  of 
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online  has  been  fitted  in  the  u  Arthur  von  Gwynner/'  which 
cominenced  working  at  the  beginning  of  January  of  this  year. 

Anothor  Form  to  be  riientioned  is  the  (l(>uhl('  act  in"' 
^-stroke  cycle  engine.  It  is  nuiioured  that  large  engines  of 
this  type  have  been,  or  are  being,  made  for  foreign  war.shij)s, 
but  so  far  none  have  yet  been  fitted  to  inercliant,  vessels.  Tho 
M.A.N.  Company,  of  Niirnherg,  in  conjunction  with  Messrs. 
Blolim  &  Voss,  made  some  3-cyliuder  engines  of  this  type  for 
a  itiercliant  sliip.  The  set  made  at  Niirnherg  was  unfor- 
1  mi'ately  destroyed  by  a  fire  which  followed  an  accident  at 
the  works.  At'  t\\v  ju'escnt  lim"  Messis.  I^lolun  &  Voss  have 
in  hand  some  engines  of  tins  type  for  a  twin-screw  vessel. 
Tliosr  have  been  successfully  run  on  the  test  bench,  but  not 
yet  tried  at  sea.-  Their  performance  will  be  watched  hy 
marine  engineers  with  much  interest,  as  they  occupy  so  inucli 
loss  space  than  any  other  type  of  Diesel  engine.  Being  double 
actintr  they  g i \T e  1  lie  same  nuinlxu-  oi'  impulses  pt'r  cvlindci'  per 
revolution  as  are  obtained  in  a  steam  engim、，  and  are  thus  in 
marked  contrast  with  the  4-stroke  cycle  single-art  in<^  type. 

From  the  point  of  view  of  a  registration  society,  as  well  as 
of  a  shipowner,  reliability  under  the  conditions  of  ordinary 
service  is  of  the  first  importance,  questions  of  economy  of 
running  and  of  upkeep  becoming  relatively  of  secondary 
interest,  although  they  are  still  very  important  to  the  ship- 
owner. Dealing  with  economy  of  running  in  the  first  place, 
it  may  be  mentioned  that  whereas  in  special  trades  a  constant 
supply  of  one  uniform  quality  of  oil  can  be  obtained,  it  is 
necessary  for  the  success  of  the  engines  in  general  that  they 
shall  be  able  to  use  the  particular  quality  of  oil  which  m ay  be 
obtainable  at  any  of  the  ports  to  which  the  vessel  trades.  Dr. 
Diesel  always  maintained  that  any  oil  which  would  burn  with- 
out leaving  a  residue  could  be  used  as  fuel  in  these  engines  ； 
and  it  may  be  of  interest  to  know  that  Prof.  Junkers  has 
exj)eriinented  with  several  kinds  of  oils,  some  of  which  were 
considered  by  some  engineers  to  be  unsuitable  for  use  owing 
to  the  large  percentage  of  asphalte,  or  unevaporable  hydro- 
cai'bon  they  contain,  and  he  has  found  them  to  burn  perfectly 
satisfactorily  when  they  are  properly  treated.  Some  of  his 
results  are  as  follows  ~ 

In  all  the  cases  quoted  the  experiments  were  made  on  tlie 
same  engine,  which  is  a  small  experimental  ono,  with  cylinder 
diameter  of  8in.  and  a  piston  stroke  (each  piston)  of  16in. 
At  200  revolutions  the  normal  load  is  150  b.h.p.,  but  arrange- 
】ueiits  are  made  by  which  an  overload  up  to  220  b . h . p .  can  be 
obtained  with  the  same  number  of  revolutions.  The  overload 
is  obtained  by  so  obstructing  the  exhaust  that  the  scavenge 
air  imprisoned  in  the  cylinder  at  the  commencement  of  the 
stroke  is  above  the  atmospheric  pressure,  and  at  tlie  same  time 
more  fuel  oil  is  injected  during  the  impulse  stroke  ；  in  other 
words,  more  fuel  and  more  oxygen  to  burn  it  are  used  at  each 
stroke.    Of  course  with  the  greater   amount   of  air  used  a 
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higher  compression  pressure  is  reached,  so  that  the  si  reuses  on 
the  engine  are  also  increastHl  wIhmi  working  wit  li  an  overload. 
Prof.  J  linkers  points  out  that,  the  engine  being  an  experi- 


mental one,  and  tlie  first  of  its  type  to  be  made,  the  i'  m"" 
obtained  must  not  be  considered  to  be  the  niont  favourable 
attainable  wit  h  oil  engines  ；  hut,  as  the  trials  with  different 
oils  were  all  made  on  the  same  engine,  and  under  the  sain<* 
rigid  supervision,  tlie  results  with  the  various  fuels  can  ；,' 
considered  to  he  reliable  for  comparison  wit  li  onf*  anotlifr. 
In  all  cases  tlie  trials  were  very  prolonged. 

Table  I  shows  some  of  the  results  obtained.  Jt  will  be  seen 
1 1""  throughout  the  trials  recorded  the  im'aii  indicated 
pressure  was  very  high,  in  no  case  being  less  than  10  atmo- 
spheres (1421bs.  per  square  inch),  which  very  considerably 
exceeds  anything  wliich  h; 卜 l»pen  obtained  with  large  marine 
Diesel  engines,  and  that  t  his  high  mean  pressure  was  obtained 
with  a  niaxirrnun  pressure  of  47  atmospheres  against  :r,  atmo 
spheres  usual  in  marine  work.  It  must  be  mentioned,  how- 
ever, that  trials  were  iikkU*  showing  tliat  with  each  kind  of 
oil  used  the  engine  worked  well  with  low  loads  as  well  as 
witli  these  high  loads.  It  is  worthy  of  remark  that  with  t  Ik- 
very  high  mean  pressures  obtained  during  the  overload  trials. 


the  terminal  pressure  was  very  high,  in  some  cases  being 
above  701bs.  per  square  inch,  and  consequently  much  energy 
must  have  been  lost  in  the  exhaust,  vet  the  thermal  efficiency 
was  practically  the  same  as  at  normal  power.  Inciclentallv 
attention  may  be  drawn  to  the  differences  between  the  brands 
K  and  L  of  Californian  oil,  in  which  it  will  be  seen  that  the 
oil  with  the  higher  specific  gravity  has  less  viscosjt v.  less 
asphaltum  in  its  composition,  and  ignites  at  a  much  lower 
temperature  than  the  lighter  oil. 

It  lias  been  mentioned  that  wliat  is  aimed  at  in  tlie  IHesel 
engines  is  that  the  combustion  should  proceed  at  the  critical 
rate  which  would  permit  tbe  increase  of  volume  occupied  due 
to  the  motion  of  the  piston  to  be  so  balanced  bv  the  iiicrt'w 
of  temperature  due  to  the  combustion  of  the  fuel  that  the 
pressure  will  remain  constant  until  the  whole  of  the  oil  has 
been  injected.  This  ideal  condition  is，  of  course,  never 
obtained  with  any  kind  of  oil,  with  any  form  of  spraver,  or 
with  any  degree  of  compression.  In  general  terms  it  mav  he 
said  that  the  hotter  tlie  air  into  which  oil  is  sprayed,  other 
t-onditions  remaining  the  same,  the  more  quicklv  will  com- 
bustion take  place.  Also  the  smaller  the  part irles  into  which 
the  oil  can  be  divided  l>v  the  spray  or  t  lir  l;u;'t、r  will  l>e  tlio 
aggregate  surface  exposed  ami  the  tiuieker  will  be  the  com- 


396 


THE    IvmCHANICAt  ENGINEER. 


[April  24,  19i4 


bustion.  Again,  the  less  viscosity  the  oil  has  the  more  easily 
it  becomes  finely  sprayed,  and  further,  the  greater  the  excess 
of  pressure  of  the  blast  above  that  of  the  compression,  the 
more  quickly  will  the  quantity  of  oil  measured  out  per  impulse 
into  the  fuel  valve  casing  be  blown  into  the  cylinder,  and 
probably  also  the  finer  will  be  the  spraying.  Then,  again, 
some  oils  contain  more  of  the  lighter,  highly  inflammable 
hydrocarbons  than  others,  and  therefore  they  will  more 
readily  ignite  and  burn  more  quickly  than  the  heavier  oils, 
and  again,  some  oils  are  capable  of  being  completely  vaporised, 
whilst  others,  generally  spoken  of  as  having  an  asphalte  basis, 
consist  partly  of  evaporisable  components  and  partly  of 
hydrocarbons  which  will  not  evaporise  and  are  generally 
called  asphaltes. 

As  has  been  mentioned,  it  has  sometimes  been  considered 
that  these  latter  oils  cannot  be  used  in  Diesel  engines,  but 
Prof.  Junkers'  experiments  show  that  this  is  a  mistake.  It 
will  be  thus  seen  that  there  are  many  conditions  of  detail 
in  connection  with  the  ignition  which  afford  scope  for  skill 
and  ingenuity.  In  no  case  can  the  combustion  fully  realise 
the  ideal  condition.  The  nearness  or  otherwise  of  the 
approach  to  it  can  be  ascertained  by  a  careful  analysis  of  the 
indicator  diagram.  Such  analyses  always  show  that  some 
combustion  takes  place  along  the  whole  of  the  stroke.  When 
the  combustion  is  far  from  perfect  at  the  end  of  the  stroke 
the  exhaust  will  show  smoke.  A  less  imperfect  combustion 
may  leave  carbonaceous  deposits  in  the  cylinder,  which  in  time 
may  so  accumulate  as  to  cause  the  piston  rings  to  seize  or 
become  inoperative.  Although  there  may  be  no  smoke,  part 
of  the  fuel  may  be  burned  only  to  CO  instead  of  to  C02，  and, 
even  if  the  combustion  become  actually  complete  before  the 
end  of  the  stroke,  the  ideal  condition  will  not  be  obtained. 
What  is  wanted  is  that  the  heat  should  be  produced  early  in 
the  stroke,  so  as  to  give  full  opportunity  for  its  conversion  into 
mechanical  energy.  To  show  what  may  be  done  in  this  way 
one  may  compare  the  results  obtained  with  an  early  4-stroke 
cycle  Diesel  engine  referred  to  in  "  Engineering  "  in  1903  as 
being  a  remarkably  successful  example,  with  that  obtained 
more  recently  with  the  4-stroke  cycle  engine  fitted  in  the 
" Suecia."  The  diagram  in  the  latter  case  was  kindly  supplied 
by  Messrs.  Burmeister  &  Wain，  of  Copenhagen,  and  is  the 
mean  of  a  large  number  of  diagrams  taken  with  these  engines, 
and  it  will  be  seen  that  it  agrees  extremely  closely  with  the 
typical  diagram  given  by  Mr.  I.  Knudsen  in  his  recent  paper 
to  this  Institution  upon  the  performances  of  that  vessel. 
This  comparison  is  given  in  an  Appendix  to  this  paper. 

(To  be  continued,) 


RESCUE  WORK  IN  MINES  ：  NEW  DRAFT  REGULATIONS. 

Draft  regulations  amending  the  general  regulations  as  to 
rescue  appliances  in  mines,  dated  July  10th,  1913,  made  by  the 
Secretary  of  State,  under  Sections  85  and  86  of  the  Coal  Mines 
Act.  1911,  were  issued  on  the  16th  inst.  A  memorandum 
accompanying  the  draft  regulations  states  that  in  consequence 
of  objections  taken  to  previous  draft  regulations  issued  on 
November  7th  last,  the  question  was  referred  to  a  referee,  and 
at  the  hearing  an  arrangement  was  suggested  which  appeared 
to  the  Secretary  of  State  to  be  a  good  one，  and  which  has  now 
the  assent  of  the  representatives  of  both  owners  and  miners. 
Under  this  arrangement  the  use  of  self-contained  breathing 
apparatus  will  be  made  compulsory,  but  an  alternative  system 
for  the  establishment  of  rescue  brigades  will  be  admitted,  by 
wliicli,  iix  place  of  the  local  brigades  at  the  collieries  now 
required,  permanent  brigades  will  be  maintained  at  the 
central  stations,  and  one  or  more  men,  according  to  the  size  of 
the  colliery,  will  be  trained  at  each  mine  to  act  with  the 
central  brigade  when  summoned  to  the  mine.  The  terms  of 
the  new  draft  regulations  have  been  settled  with  the  Mining 
A-s'H-iation  and  with  the  Miners'  Federation.  If  these  regu- 
lations are  accepted,  the  draft  regulation  issued  last 
November  will  be  withdrawn.  Any  objection  with  respect  to 
the  draft  regulations  by  or  on  behalf  of  any  person  affected 
thereby  must  be  sent  to  the  Secretary  of  State  within  30  days 
from  April  1 6th .  The  draft  regulations  state  that  for 
mines  served  by  a  central  rescue  corps  Nos.  140，  141，  and 
142  of  the  general  regulations  shall  not  apply  to  any  mine 
which  is  served  by  a  central  rescue  station  maintaining  per- 


manent rescue  corps,  and  which  is  situated  within  a  radius  of 
10  miles  from  the  station  and  is  in  telephonic  communication 
with  it,  subject  to  the  following  (among  other)  conditions : 
The  rescue  corps  at  the  central  station  shall  consist  of  not  less 
than  six  men,  or  if  the  total  number  of  underground  employes 
at  all  the  mines  served  by  the  station  in  pursuance  of  this 
regulation  exceeds  15，000，  eight  men.  One  or  more  persons 
employed  at  the  mine  for  the  time  being  shall  be  selected  for 
the  purpose  of  acting  with  the  rescue  corps  from  the  central 
station  when  summoned  as  follows  ：  If  the  total  number  of 
underground  employes  is  not  less  than  100  or  more  than  250 
persons,  not  fewer  than  one  person  ；  if  the  total  number  of 
underground  employes  is  more  than  250,  but  not  more  than 
1,000,  not  fewer  than  three  persons  ；  if  the  total  number  of 
underground  employes  is  more  than  1,000,  not  fewer  than 
five  persons  ；  they  shall  be  thoroughly  trained,  and  shall  from 
time  to  time  undergo  practices  at  a  central  station  in  the  use 
of  breathing  apparatus  and  in  rescue  work,  in  accordance  witli 
a  scheme  approved  by  the  Secretary  of  State. 


KLINOERS  WATER  GAUGE  FITTING. 

In  water  gauges  as  usually  constructed  the  gauge  glass,  or 
the  protecting  casing  which  surrounds  it，  is  rigidly  connected 
to  the  heads  of  the  gauge  cocks.  Those  water  gauges  \\w 
glasses  of  which  are  surrounded  by  opaque  protecting  casings 
which  are  only  provided  with  glazed  sight  slots,  and  par- 
ticularly those  water  gauges  whose  glasses  are  provided  with 
reflecting  surfaces,  have  the  disadvantage  that  in  cases  where 
the  illuminating  light  rays  do  not  fall  perpendicularly 
through  the  sight  slot  in  the  casings  or  are  not  directed  per- 
pendicularly upon  the  reflecting  surfaces*  it  is  difficult,  or 
even  impossible,  to  properly  observe  the  water  level.    In  the 

arrangement  illustrated,  the 
invention  of  Mr.  Richard 
K 1  i  n  g  e  r ,  Gumpoldskirchen, 
Lower  Austria,  the  gauge  glass 
between  the  two  cocks,  or  the 
gauge  glass  protecting  casing, 
is  mounted  to  rotate  about  its 
longitudinal  axis,  so  that  the 
glazed  sight  slot  in  the  opaque 
protecting  casing,  or  the  reflect- 
ing surface,  can  be  turned  at 
any  time  directly  towards  the 
impinging  rays  of  light,  and 
the  water  level  can  always  be 
properly  observed. 

Referring  to  the  illustration, 
each  of  the  two  cock  bodies 
A  of  the  water  gauge,  of  which 
only  the  lower  one  is  shown, 
terminates  in  a  short  tube  C 
which  serves  as  a  pivot  for  the 
rorresponding  end  of  the  gauge 
glass  protecting  casing  B. 
The  end  of  the  short  tube  C  is  provided  with  a  flange  D 
between  which  and  the  cock  body  proper  the  tube  has  fitted 
on  it  an  externally  screw-threaded  sleeve  E  which  is  bored  to 
fit  the  tube,  and  is  made  in  two  parts  to  facilitate  being  placed 
in  position.  This  sleeve  can  rotate  upon  the  tube  C  and  is 
screwed  into  an  internally  screw-threaded  recess  F  formed 
therefor  in  the  end  of  the  gauge  glass  protecting  casing. 
When  in  place  screwed  in  the  recess  F  the  end  of  the  sleeve  E 
presses  the  flange  D  of  the  short  tube  C  firmly  against  a 
packing  ring  H  arranged  between  the  flange  D  and  the  inner 
end  G  of  the  recess  in  the  gauge  glass  casing  B.  The  arrange- 
ment is  such  that  the  gauge  glass  protecting  casing  can  he 
easily  rotated,  and  at  the  same  time  an  efficient  packing  can 
be  maintained  between  the  end  of  the  casing  and  the  end  of 
the  short  tube  C  of  the  cock  body. 


入 \.ATl-:lt  U  \U(ii:  KlTTINt 


Engine-driver  Fatally  Scalded. ― A  fatal  accident  took  place  at 
Forres  Station  on  the  20th  inst.,  resulting  in  the  death  of 
an  engine-driver,  who  at  the  time  of  the  accident  was  at  work 
below  the  engine  repairing  the  boiler,  when  a  plug  blew  out 
and  he  was  so  severely  scalded  that  be  subsequently  died. 
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PIG  STEEL  FROM  ORE  IN  THE  ELECTRIC  FURNACE.' 

BY  KOBEHT  M.  KEENEY. 

The  term  pig  steel  "  h;is  been 山' lined  by  J)r.  J.  \V.  Jiichartls, 
of  Lehigh  University  as  "  a  metal  with  2'2  per  cent,  or  less  of 
carbon,  a  very  small  amount  of  silicon  and  niangaiH^sc,  low  in 
sulphur  and  phosphorus,  and  made  directly  from  ore  in  t  ho 
electric  pig-iron  I'ui-nacc"  I ti  chemical  coinixjsii ion  it  is 
steel.  The  writer  does  not  advocate  the  production  of  pig 
steel  from  ore  in  the  electric  furnace  as  a  competitor  of  the 
present  method  of  steel  production  with  pig  iron  as  an  inter- 
mediate step,  but  presents  the  general  metallurgical  side  of 
such  a  process  and  its  economical  possibilities  in  regions  where 
power  is  cheap,  and  fuel  and  reducing  materials  are  expensive, 
as,  for  example,  Sweden,  California,  British  Columbia,  and  tlie 
western  coast  of  South  America.  If  steel  is  the  desired  linal 
product,  it  seems  more  feasible  and  cheaper  to  produce  as  pure 
a  product  as  possible ― pig  steel ― for  any  subsequent  refiiuiig 
operations,  rather  than  pig  iron.  This  would  prove  to  be  the 
case  for  two  reasons  :  (1)  As  has  been  found  to  be  the  case  at 
Heroult,  Cal.,  Domnarfvet,  and  Trolihattan,  pig  steel  can  be 
produced  more  cheaply  iu  the  electric  shaft  turnace  than  pig 
iron,  because  of  the  greater  output  per  unit  of  electrical  energy 
consumed.  (2)  Owing  to  the  lower  percentage  of  inipuritit's  in 
pig  steel,  1  to  3  per  cent.,  instead  of  4  to  8  per  cent,  m  pig 
iron,  a  greater  output  can  be  obtained  from  the  final  retimug 
luruace  at  a  lower  cost. 

A  process  to  produce  efficiently  a  metal  conforming  to  these 
requirements  should  satisfy  the  following  conditions  :  (1)  As 
the  product  in  order  to  be  a  steel  must  not  contain  over  1^*2 
per  cent,  carbon,  it  should  be  possible  not  only  to  keep  the 
percentage  of  carbon  in  the  metal  below  that  amount,  but  it 
should  also  be  possible  to  regulate  the  carbon  within  reasonable 
limits  i.e. j  control  the  composition  of  the  metal.  (2)  The 
product  should  contaiu  percentages  of  silicon,  phosphorus,  and 
sulphur  either  below  the  limit  set  by  consumers  of  Bessemer 
and  opeu-hearth  steels,  or  at  least  low  enough  not  to  require 
prolonged  refining  in  another  furnace.  (3) '丄 lie  loss  of  iron  in 
the  slag  should  not  be  excessive.  (4)  The  furnace  used  must  be 
adapted  to  continuous  operation  and  the  production  of  a  large 
tonnage.  (5)  By  the  process  it  should  be  possible  to  produce 
pig  steel  at  a  greater  profit  than  by  existing  methods. 

Considering  the  possibility  of  the  use  of  the  electric  furnace 
to  satisfy  these  requirements  :  (1)  As  it  is  not  necessary  to 
introduce  carbou  for  fuel  in  the  electric  furnace  it  is  not 
necessary  to  have  excess  carbon  in  the  charge  beyond  that 
needed  tor  reduction,  therefore  no  difficulty  should  be  experi- 
enced in  keeping  the  carbon  of  the  product  below  2*2  per 
cent.  ；  and  it  should  be  possible  to  regulate  the  carbon  witliin 
reasonable  limits.  (2)  The  temperature  of  the  electric  furnace 
can  be  regulated  by  the  power  input,  so  that  very  basic  slags 
can  be  used,  which  should  result  in  slagging  of  silicon,  phos- 
phorus, and  sulphur.  (3)  While  the  loss  of  iron  in  the  slag  with 
an  electric  furnace  running  ou  pig  steel  would  probably  be 
greater  than  in  the  case  of  pig  iron,  owing  to  the  weaker 
reducing  atmosphere  of  the  pig-steel  furnace,  it  should  not  be 
so  excessive  as  to  prohibit  the  use  of  such  a  process  under 
favourable  economic  conditions.  (4)  The  electric  shaft  furnace 
has  been  proved  to  be  easily  adapted  to  continuous  operation 
for  pig-iron  production,  and  should  operate  more  uniformly  on 
pig  steel  than  on  pig  iron  because  there  is  not  the  tendency  for 
carbon  to  accumulate  in  the  furnace.  (5)  In  localities  where 
electric-furnace  pig  iron  can  be  produced  at  a  profit,  pig  steel 
for  further  refining  could  be  made  at  a  profit  if  the  market 
demand  was  for  steel. 

Trouble  was  experienced  at  the  Hardanger,  Norway, 
electric  pig-iron  plant  with  coke  as  a  reducing  material.  The 
failure  of  this  plant  has  been  assigned  to  the  use  of  coke, 
because  coke  lias  a  higher  electrical  conductivity  t  han  cliarcoal 
and  hence  not  as  much  heat  is  generated  by  the  resistance  of 
the  charge  to  the  passage  of  the  electric  current.  For  this 
reason,  trouble  might  be  experienced,  with  a  shaft  furnace 
using  coke  as  a  reducing  agent  in  the  production  of  pig  steel, 
but  the  problem  will  undoubtedly  be  solved  eventually.  The 
writer  visited  the  Hardanger  plant  a  few  mouths  before  it  was 
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closed,  and  from  observation  of  existing  conditions  does  not 
believe  the  failure  of  the  enterprise  was  entirely  due  to  tlie 
use  of  coke. 

,1.  Crawford  says  that  at  Jleroult,  while  difficulty  was 
experienced  with  coke  alone  as  a  reducing  material,  "  by 
adopting  certain  precautions  in  crushing  the  stock  and  feeding 
the  same  into  the  furnace  J  have  operated  on  a  mixture  of 
GO  per  cent,  coke  and  40  per  cent,  charcoal  with  a  very  fair 
degree  of  furnace  efficiency.  I  believe  that  many  of  our  ' 
which  make  a  poor  metallurgical  coke  for  blastfurnace  use 
on  account  of  their  low  crushing  strength  might  be  found  to 
make  a  satisfactory  fuel  for  electric  furnace  use." 

The  results  at  both  Dornnarfvet  and  Trolihattan  indicate 
that  pig  steel  can  be  made  directly  from  ore  in  the  electric 
shaft  i'urnacc.  I  n  ( liese  runs  no  ； it  t  enipt  was  made  to  produce 
pig  steel,  but  the  product  contained  from  1  to  3  per  cent, 
carbon,  as  before  stated.  While  it  would  undoubtedly  be  more 
difficult  to  regulate  the  carbon  of  the  product  in  a  shaft 
furnace  operated  continuously  than  in  an  intermittent  hearth 
furnace,  it  could  be  done,  but  the  regulation  would  not  be 
so  close. 

The  results  of  the  experiments  as  to  carbon  are  as  follows  : 
(1)  In  producing  pig  steel  containing  from  0*25  to  1*50  per 
cent,  carbon  for  any  particular  furnace  and  basicity  of  charge, 
the  carbon  content  of  the  pig  steel  can  be  regulated  by  varying 
the  carbon  in  the  charge.  (2)  An  increase  or  decrease  of  lime 
in  the  charge  causes  a  corresponding  decrease  or  increase  of 
carbon  in  the  pig  steel.  (3)  The  use  of  fluorspar  in  excessive 
quantities  causes  a  marked  increase  in  the  carburisation  of  the 
pig  steel.  (4)  The  experiments  of  Neveu  and  Aruou  indicate 
that  the  carbon  of  reduction  may  be  supplied  from  coke, 
anthracite  coal,  or  charcoal,  and  the  charge  may  be  fine, 
coarse,  or  briquetted .  (5)  The  work  at  Dornnarfvet  and 
Trolihattan  shows  the  possibility  of  keeping  the  carbon  of  the 
product  below  2'2  per  cent,  in  an  electric  shaft  furnace. 

As  to  silicon,  the  experiments  show  in  general  that  the 
percentage  of  silicon  in  the  pig  steel  can  be  kept  at  a  low 
figure  if  desired,  and  that  its  regulation  is  not  difficult. 

The  conclusions  as  to  phosphorus  are :  (1)  Increased 
carbon  in  the  charge  causes  an  increase  of  the  percentage  of 
phosphorus  in  the  pig  steel,  because  of  the  stronger  reducing 
conditions.  (2)  Increased  basicity  of  the  slag  does  not  cause 
the  slagging  of  more  phosphorus  if  the  slag  is  very  thick. 
(3)  If  a  small  amount  of  fluorspar  is  added  to  thin  the  .basic 
slag,  the  slagging  of  the  phosphorus  is  assisted.  (4)  Con- 
tinuous operation  of  the  furnace  does  not  increase  phosphorus 
in  the  pig  steel.  (5)  Owing  to  the  more  oxidising  conditions 
in  the  electric  furnace  when  pig  steel  is  being  made  rather 
than  pig  iron,  a  greater  percentage  of  tbe  phosphorus  is 
slagged. 

And  as  to  sulphur  the  conclusions  arrived  at  are  :  (1)  An 
increased  reducing  atmosphere  aids  in  the  passage  of  sulphur 
into  the  slag.  (2)  Increased  basicity  of  the  slag  causes  more 
of  the  sulphur  to  be  slagged.  (3)  By  thinning  the  slag  a 
small  amount  of  fluorspar  assists  in  sulphur  elimination  from 
the  pig  steel ，  but  an  excess  has  the  contrary  effect.  (4)  Con- 
tinuous operation  of  the  furnace  does  not  cause  increased 
sulphur  in  the  pig  steel.  (5)  With  a  fluid  basic  slag,  sulphur 
can  be  slagged  readily  in  the  electric  furnace  production  of 
pig  steel  in  both  a  continuous  and  an  intermittent  operation. 

With  steady  operation  in  a  large  furnace,  tbe  loss  of  iron 
in  the  slag  should  not  exceed  4  per  cent,  of  the  total  iron 
charged,  depending  on  the  amount  of  carbon  desired  in  the 
product,  but  if  a  pig  steel  containing  less  than  0*25  per  cent, 
carbon  is  produced  there  will  probably  be  a  greater  loss  of 
iron  in  the  slag. 

An  experiment  was  made,  extending  over  several  hours,  to 
note  the  effect  upon  the  pig  steel  of  continuous  charging  and 
tapping  rather  than  intennittent  operation  of  the  furnace. 
In  addition  to  hematite,  limestone,  and  coke,  a  small  quantity 
of  fluorspar  was  charged.  A  tapping  was  made  about  the 
middle  of  the  run,  which  resulted  in  the  following  products  ： 
Pig  steel,  carbon  0'39,  manganese  008，  silicon  0  12,  phos- 
phorus 0  031，  sulphur  0  048  per  cent.  ；  slag,  SiO,  30  48， 
CaO  31*30,  MgO  13  39,  FeO  15  20，  AU03  9  28  per  cent.  The 
power  consumption  was  3,940  kw.-hr.  per  gross  ton  of  pig 
steel.  From  the  product  it  may  be  seen  that  as  good  a  arade 
of  pig  steel  can  be  produced  in  an  electric  furnace  when 
operated  continuously  as  when  operated  intermittently. 

The  results  of  electric  furnace  pig  iron  manufacture  in 
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Sweden  also  show  t  lie  feasibility  of  pig  steel  production  in  the 
electric  shaft  furnace,  as  regards  carbon  and  impurities  in  the 
pig  steel  and  loss  of  iron  in  the  slag.  J.  Crawford  remarks 
as  a  result  of  his  experience  at  Heroult  with  an  electric  shaft 
furnace  ：  "  The  matter  of  too  little  carbon  gives  less  trouble, 
ami  if  the  furnace  is  producing  low  silicon  and  carbon  iron 
should  give  none  at  all."  From  his  results  it  appears  that 
it  is  easier  to  operate  the  shaft  furnace  when  making  pig  steel 
than  when  making  pig  iron.  From  the  results  available  it 
seems  that  there  should  be  no  greater  difficulty  in  the  elimina- 
tion of  impurities  from  pig  steel  in  a  continuous  shaft  furnace 
than  an  intermittent  operation. 

In  any  place  where  there  is  a  market  for  steel,  and  pig 
iron  can  be  made  at  a  profit  in  the  electric  furnace,  it  will  be 
more  profitable  in  the  end  to  make  pig  steel  for  subsequent 
refining  in  an  electric  furnace  or  open-hearth,  than  to  pro- 
duce electric  furnace  pig  iron  with  a  subsequent  refining  to 
steel.  This  is  true  because  the  power  consumption  has  been 
found  to  be  lower  per  ton  of  pig  steel  than  per  ton  of  pig  iron, 
and  because  the  time  necessary  for  refining  is  reduced,  which 
results  in  a  greater  output  at  a  lower  cost. 

The  results  of  the  early  experiments  at  Domnarfvet  show 
that  the  power  consumption  per  ton  of  metal  produced 
decreased  as  the  amount  of  carbon  charged  per  ton  of  iron 
was  reduced.  In  the  latest  report  of  the  engineers  at  Troll- 
hattan,  it  is  stated  that  the  power  consumption  per  ton  of  pig 
iron  varies  in  proportion  to  the  iron,  content  of  the  ore.  A 
poor  ore  and  pig  iron  high  in  silicon  and  manganese  require 
more  power  than  a  rich  ore  and  pig  iron  low  in  silicon  and 
manganese.  This  was  also  found  to  be  the  case  in  California. 
The  results  of  the  writer,  of  course,  show  a  high  power  con- 
sumption because  of  the  small  size  of  the  furnace. 

Among  other  expenses  of  pig  steel  production,  maintenance 
and  capital  charges  would  be  about  the  same  as  for  electric 
furnace  pig  iron  production.  The  labour  cost  per  ton  of 
product  would  be  a  little  lower  for  pig  steel.  The  electrode 
consumption  per  gross  ton  of  pig  iron  has  been  reduced  to 
6"71bs.  It  might  be  a  little  higher  in  making  pig  steel, 
because  of  there  being  less  carbon  in  the  charge,  but  it  should 
not  exceed  15】bs.  per  ton  of  pig  steel. 

The  use  of  pig  steel  in  the  open-hearth  was  tried  out  at 
Degerfors,  Sweden.  It  was  found  that  pig  steel  produced  by 
the  electric  shaft  furuace  was  more  suitable  for  steel  making 
in  the  open-hearth  than  ordinary  pig  iron,  and  required  less 
time  for  complete  refining.  Normal  pig  iron  made  in  the 
electric  furnace  was  found  to  be  less  suited  to  the  production 
of  open-hearth  steel  than  normal  blastfurnace  pig  iron .  This 
shows  the  advantage  of  production  of  pig  steel  rather  than 
pig  iron  in  the  electric  furnace  when  steel  is  to  be  the 
final  product. 

General  Summary. 

(1)  In  the  electric  furnace  production  of  pig  steel  from  ore, 
carbon  in  the  product  can  be  kept  below  2*2  per  cent.,  and 
regulated  to  an  extent  by  the  amount  of  carbon  charged, 
without  resulting  in  excessive  loss  of  iron  in  the  slag  or  in  the 
production  of  a  pig  steel  very  high  in  impurities,  if  a  fair 
grade  of  ore  is  used. 

(2)  It  is  not  difficult  to  slag  the  greater  part  of  the  silicon, 
phosphorus,  and  sulphur  of  the  charge,  if  the  furnace  is  hot 
and  the  slag  fluid,  but  conditions  are  less  favourable  to  the 
slagging  of  sulphur  than  of  other  impurities  in  the  operation 
of  an  electric  furnace  for  pig  steel  production,  which  is,  of 
course,  contrary  to  experience  in  the  manufacture  of  pig  iron. 

(3)  The  loss  of  iron  in  the  slag  should  not  be  excessive 
unless  the  pig  steel  produced  is  of  very  low  carbon  content. 

(4)  From  the  results  with  the  Donmarfvet，  Trollhattan, 
and  Heroult  furnaces,  there  does  not  appear  to  be  great  diffi- 
culty attending  the  production  of  pig  steel  in  an  electric  shaft 
furnace,  and  in  fact  experience  has  shown  that  there  is  less 
difficulty  in  the  operation  of  the  electric  furnace  on  pig  steel 
than  on  pig  iron. 

(5)  At  any  place  where  there  is  a  market  demand  for  steel, 
and  pig  iron  can  be  made  in  the  electric  furnace  at  a  profit, 
the  steel  ultimately  produced  would  be  cheaper,  if  made  by 
the  electric  reduction  of  iron  ore  to  pig  steel,  followed  by 
refining  in  another  furnace  if  necessary,  than  if  the  product 
of  the  electric  'reduction  furnace  was  pig  iron  to  be  subse- 
quently converted  to  steel  in  another  furnace. 


THE  OPERATION  AND  UPKEEP  OF  ELECTRIC  MOTORS-* 

BY  E.  F.  BUTLER. 

The  objects  of  maintenance  are  twofold  :  first,  to  run  t  he 
plant  with  as  few  stoppages  as  possible,  and  secondly,  to  do  so 
without  excessive  cost.  To  get  the  best  results,  the  upkeep  of 
the  plant  should  be  considered  before  it  is  installed,  and  it 
should  be  laid  out  with  the  objects  kept  in  view  of  suitability, 
accessibility,  the  minimum  number  of  sizes,  and  everything 
possible  standardised  so  that  the  smallest  number  of  spare 
parts  and  replacements  need  be  stocked. 

A  large  number  of  shops  belonging  to  a  certain  firm  were 
changed  over  to  electric  driving  by  degrees,  the  process  extend- 
ing over  several  years.  Motors  were  bought  one  or  two  at  a 
time,  and,  in  some  cases,  simply  replaced  existing  engines. 
As  a  result  they  have  over  30  motors,  seven  of  which  are  over 
50  h.p.  ；  out  of  26  motors,  there  are  19  different  sizes  and 
nine  different  makes.  If,  at  the  outset,  plans  had  beeu  made 
to  drive  the  whole  of  the  works,  and  a  modified  group  drive 
adopted,  a  lot  of  shafting  and  old-fashioned  gearing  would 
have  been  eliminated,  and  only  about  five  sizes  of  motor  would 
have  been  necessary.  The  additional  first  cost  would  probably 
have  been  recovered  in  less  than  three  years. 

In  this  case,  the  cost  of  upkeep  is  high,  as  there  are  too 
many  sorts  of  motors  to  keep  any  spare  parts,  and  so  the 
l'imning  of  the  plant  depends  entirely  on  the  personal  element. 
One  of  the  best  installations  from  a  maintenance  standpoint, 
that  is，  plant  laid  out  with  the  object  of  economical  operation 
and  upkeep,  is  a  riverside  warehouse  handling  peas,  beans, 
grains,  &c.  These  are  conveyed,  sorted,  washed3  dried,  split, 
and  sacked.  On  deciding  to  go  in  for  electric  driving,  the 
owner  hired  a  motor  and  a  recording  ammeter.  He  spent  six 
months  in  experimenting,  and  at  the  end  of  that  time  knew 
exactly  what  he  wanted.  As  a  result  there  are  only  three 
sizes  of  motors  used,  all  well  above  their  work,  and  one  size 
of  brush  fits  any  motor  in  the  place.  Similarly,  one  of  the 
biggest  printing  works  in  London  has  130  motors  with  only 
four  sizes.  A  spare  motor  and  starter  of  each  size  are  kept  in 
stock  ；  the  complete  motor  or  starter  is  changed,  which  takes 
under  half  an  hour,  and  the  repair  is  done  properly  in  the 
workshop. 

As  one  object  of  maintenance  is  to  prevent  breakdowns,  an 
analysis  of  100  breakdowns  may  be  given.  Thirty-eight  were 
on  motors  and  62  on  control  gear. 

Of  the  motors  three  had  damaged  shafts,  one  being  broken, 
one  bent,  and  in  one  case  the  armature  was  loose  on  the  shaft. 
Six  machines  had  bearing  or  lubrication  troubles,  namely,  four 
throwing  oil，  one  hot  bearing,  and  one  bearing  seized.  Four- 
teen stoppages  were  due  to  brushes,  brush  gear,  or  commutator 
troubles  ；  in  five  cases  the  brushes  were  worn  out,  in  three 
cases  they  were  sticking  from  dirt,  in  two  cases  the  motor  bad 
flashed  over  due  to  dirty  commutators,  in  two  machines  the 
insulation  of  the  brush  spindles  had  broken  down  owing  to 
dirt,  one  machine  had  the  holders  loose  on  the  spindle,  in  the 
remaining  one  the  wire  had  become  unsoldered  in  the  thimble. 

Nine  motors  had  winding  troubles,  two  being  burnt-out 
field  coils,  four  burn-outs  were  on  armatures,  in  one  case  the 
shunt  winding  was  in  contact  with  the  compounding,  in 
another  the  end  was  knocked  off  a  field  coil  during  cleaning, 
and  in  one  case  there  was  trouble  owing  to  bad  connections 
between  the  lugs  on  the  commutator  and  the  ends  of  the 
armature  coils. 

Six  were  miscellaneous  faults  and  included  one  earth  on 
terminal  box,  two  armature  bands  off,  one  pole  piece  loose, 
one  wrongly  connected,  and  one  had  the  key  out  of  pinion. 

The  62  breakdowns  on  the  control  gear  were  made  up  as 
follows : — 

Twenty-eight  on  starters,  which  included  14  contacts  or 
segments  burnt,  seven  resistances  burnt  out,  three  liandles 
broken,  one  arm  loose  in  slate,  one  no-volt  coil  burnt  out,  one 
arm  sticking  in  full-on  position,  and  one  arm  uot  holding  up 
owing  to  contacts  on  overload  coil  not  dropping. 

Sixteen  on  fuses  ；  in  five  cases  the  fuses  had  simply  blown 
and  were  replaced;  iu  the  other  11  damage  was  done  usually 
by  bare  fuses  arcing  on  to  the  metal  case 

Ten  on  switches,  about  half  being  bad  contacts  or 
arcing  to  cover  ；  the  remaining  half  more  or  less  fell  to  pieces. 

The  remaining  eight  were  miscellaneous  and  comprised  tlic 
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failure  of  one  shiuit- breaking  resistance,  i\niv  circuit  hrcakci 
gave  out,  in  one  case  the  end  burnt  oli'  the  coil,  two  had  burnt 
contacts,  and  one  was  fixed  upside  down,  one  starter  was  row 
derniied  by  the  Home  Office  and  replaced,  ； uxl  t  wo  inst  allations 
had  faults  on  the  wiring.  Out  of  a  hund red  l)reak(lo\vns, 
12  can  be  considered  unavoidable,  17  were  overcome  by  some 
alteration  or  modification,  and  the  remaining  71  were  due 
almost  entirely  to  neglect  or  ignorance  -  in  other  words,  1  o 
lack  of  maintenance. 

The  following  points  shoukl  be  kept  in  mind  when  select  ini; 
a  motor  :  The  cominutator  should  be  of  generous  size,  to  allow 
for  trueing  up  several  times.  The  segments  should  l>o  of  liacd 
copper,  insulated  only  with  pure  mica  ；  niicanite  should  be 
avoided.  The  ends  of  the  armature  coils  should  be  brought 
down  and  soldered  directly  to  the  commutator  segments.  The 
hands  which  hold  the  coils  in  the  slots  should  not  increase  the 
diameter  of  the  armature  at  all.  The  stampings  under  the 
band  should  be  smaller  than  the  remainder,  so  that  the  hand 
conies  flush  with  the  surface.  This  lessens  the  chance  of  its 
coming  oft,  and  by  not  interfering  with  the  clearance  gives 
the  bearings  a  longer  life. 

The  next  point  to  look  to  is  the  brush  gear.  The  rocker 
should  be  in  two  pieces  so  as  to  allow  of  its  removal  it'  neces- 
sary. The  insulation  of  the  spindles  should  he  of  mica,  and 
the  spindles  themselves  of  brass  and  large  enough  in  diameter 
to  prevent  vibration  or  chattering.  The  connections  from 
spindle  to  spindle  in  machines  of  more  than  two  poles  should 
be  of  rod  or  strip  taped  and  enamelled,  and  preferably 
arranged  one  on  the  face  of  the  rocker  and  one  on  the  back 
to  avoid  any  possibility  of  them  short-circuiting. 

In  shunt  machines  it  is  sometimes  an  advantage  to  have  the 
leads  to  the  brush-holders  long  enough  to  enable  the  motor  to 
be  reversed  by  moving  the  rocker.  The  holders  themselves 
should  be  of  the  type  in  which  the  brush  slides  in  a  box  and 
is  pressed  down  by  an  adjustable  spring.  A  screw  should  be 
provided  to  take  the  end  of  the  flexible  connection  to  the 
brush,  and  so  prevent  the  current  from  passing  through  the 
spring  ；  this  screw  should  not  be  the  screw  that  clamps  the 
holder  on  to  the  spindle.  It  should  be  possible  to  remove  the 
holders  from  the  spindle  without  disturbing  anything  else. 
The  holders  should  be  so  constructed  that  nearly  all  the  brush 
can  be  used  up.  For  ordinary  work  the  bearings  should  be  of 
hard  brass.  White  metal  can  be  used,  but  requires  more 
supervision.  For  the  heaviest  work  it  is  worth  while  going 
to  a  little  more  expense  and  using  phosphor  bronze.  In  all 
except  the  smaller  sizes,  two  oil  rings  working  in  separate 
grooves  should  be  provided.  The  oil  well  should  be  large  and 
painted  internally.  This  provides  against  any  sand  being  left 
inside.  The  cover  of  the  oil  well  should  be  hinged  and  fitted 
with  a  spring  ；  this  will  ensure  its  being  closed.  Covers  that 
are  loose  or  hung  on  pieces  of  chain  usually  get  lost,  and  dirt 
gets  in.  The  overflow  should  be  large  enough  to  carry  away 
excess  oil  as  fast  as  it  can  be  put  in  with  a  pint  feeder.  The 
best  type  of  overflow  is  the  one  in  which  a  piece  of  pipe  is 
screwed  through  the  bottom  of  the  oil-well  to  the  right  height  ； 
the  surplus  oil  then  drops  clear  and  does  not  trickle  down  the 
sides  of  the  frame.  All  field  coils  should  have  terminal  blocks 
or  connectors  to  facilitate  disconnection  for  testing.  It  should 
be  possible  to  remove  the  armature  from  either  end  of  the 
machine.  Any  covers  that  may  be  fitted  should  be  capable  of 
being  put  on  or  taken  off  while  the  machine  is  running, 
without  the  possibility  of  touching  live  metal  or  dropping 
screws  or  bolts  inside.  In  the  case  of  belt  drives  slide  rails 
should  be  provided,  and  the  ends  of  these  should  be  open. 
Some  makers  use  square  or  tee-headed  bolts  to  hold  the  motor 
down  with  nuts  on  top.  A  better  plan  is  to  have  square  nuts 
inside  the  rails  and  use  setscrews,  then  if  the  motor  lias  to  be 
slewed  round  or  moved  it  can  be  easily  done,  otherwise  it  is 
necessary  to  pack  up  the  motor  clear  of  the  holding-down  bolts 
and  slew  it  on  the  packing.  The  best  way  to  fit  a  pullev  is  to 
fit  it  up  to  a  shoulder  on  the  shaft  with  a  feather  key,  tap  out 
the  end  of  the  motor  shaft  and  fit  a  setscrew  and  a  circular 
plate  larger  than  the  shaft .  This  method  is  particularly 
necessary  with  ball-bearing  motors,  as  the  pullev  cannot  he 
knocked  or  wedged  off  without  damage. 

( To  be  continued.) 


Wireless  Telephony  at  a  Colliery. ― The  Fife  Coal  Conipanv 
have  introduced  wireless  telephony  apparatus  into  \  heir 
Lindsay  Colliery  at  Kelty.  If  successful,  it  will  be  ])ut  into 
operation  at  all  the  collieries  of  the  company. 


INDUSTRIAL  AND  TRADE  NOTES. 

Machine  Tool  and  Engineering  Association,  Ltd.     1  li 卜  A     "u,',"  li.i- 

arraiiKod  to  liold  an  Kxliihition  at  Olynipia,  Loii'lon.  IKuii  Tlmr、 

day,  SoptcinlxM'  2Htli.  MMfi,  to  Wcdnosday,  Oftolni  18th,  Ullfi, 
l")tli  flays  inchisiv  »•. 

Change  of  AdJress.    Messrs.  、V:"le、，  I)<»\  ef  U,l.，  "i  *、<'、w:i、i  I" 

on-Tyne,  inform  us  that  they  have  taken  larger  offices  at  Channel 
Chambers,  James  Str''('t，  Cardiff.  Tli'-ir  rcpi  fs.-nt.-itiv.-.  .M  v.  T.  1. 
Forward,  and  his  assistant,  .Mr.  T.  J.  O'L^ary,  will  continue  to 
look  aft<M*  tht'ii-  interests. 

Employment  in  the  Engineering  Trades.    A 山 ii 乂  t<»  1 1"'  l,:il,',m 

department  of  the  Board  of  Trade  omfjloyiin  iii  、lm、"'（l  no  inarkcrl 
clian;;e  as  coniparod  with  Foln-uary,  and  was  still  ^ood.  Th.-i 
was  some  falling  off  in  iron  i\\u\  st、"'l  manuiacture,  but  the  « •  1 1 - 1 
i  (vi  in:,  and  sliipljuildin^  trades  coniinned  busy.    Compaifd  w  itli 
the  high  level  in  -March,  employment  ^oiuMally  shout  d  a 

Aluminium  Ore  Production  of  the  United  States.  A'  '  ''nlmg  t"  \\  (  • 
l、hal("i，  of  the  United  States  (； oolo^ical  Survey,  tlu*  produrtion  of 
l)auxite  or  aluniiniuni  oro  in  showod  a  steady  increase.  The 

output  was  210,241  gross  tons,  valued  :it  ^9iJ7f098,  an  inoi <  ;is..  ,,t 
31、"5  per  ctMit.,  and  29*8  per  cent"  respectively,  over  tho  figures  for 

1912.  The  average  price  of  bauxite  per  gross  ton  at  tl"'  i"m*' 
for  1913  was  $4.75，  which  differed  by  only  a  fow  cents  from 
prices  recorded  for  the  three  previous  years. 

The  Battle  of  the  Gauges  in  India.  ~  In  ； i  '  iit  l'  <  tm'-. 
Sir  Guilford  L.  Molesworth  said  that  【ndi;i  had  comniittod  tl"f  av*' 
mistake  of  introducing  a  break  of  gauge  in  the  network  of  their 
railways.  The  battle  of  the  gauges  in  India  ('、t('iid''(l  over  an  area 
of  at  least  one  and  three-quarter  million  square  miles,  and 
afFocted  a  population  of  some  260,000,000.  There  were  now  in 
India  8,266  miles  of  standard  gauge  (5ft.  6in.),  14,750  miles  <>t 
metre,  and  about  3，000  miles  of  2ft.  or  2ft.  6in.  gauge  railw  ay. 
The  only  practical  course  was  to  minimise  the  evil  by  restricting; 
the  narrow  gauge  as  far  as  possible  to  defined  areas,  and  though 
the  problem  presented  enormous  difficulties  tho  attempt  to  solvo 
it  should  be  made  without  delay,  as  every  year  increased  tho  (n  il. 

Trade  Unions  in  the  United  Kingdom. ―  A  pap'  r  i.ssiu-d  a  few  (l;i、、 
ago  by  the  director  of  tho  department  of  Labour  statistics,  states 
that  the  total  number  of  trado  unions  in  the  United  Kingdom 
at  tlie  end  of  1912,  so  far  as  known  to  the  department,  was  1 ,134, 
of  ^liich  53 J  were  registered  under  the  Trade  Union  Acts,  and 
595  were  not  so  registered.  The  Unions  with  a  large  memborsliij). 
however,  were  for  the  most  part  registered,  the  average  monibor- 
ship  of  the  unregistered  unions  being  only  about  1,100,  as  com- 
pared with  nearly  5,000  for  registered  unions.  The  number  of 
trade  unions  shows  a  reduction  of  59,  or  5  por  cent,  as  compared 
with  1911.  The  number  has  been  doclininn;  since  1896  (the  maximum 
year)  in  consequence  of  amalgamations  and  of  the  absorption  of 
smaller  unions.  The  membership  on  the  other  hand  has  shown 
an  almost  uninterrupted  increase.  The  total  membership  at  tlio 
end  of  1912  was  3,281,003,  showinp;  an  iiu-rease  of  8'8  per  cent, 
over  1911,  which  itself  showed  an  increase  of  23- 4  por  cent,  over 
1910.  Tho  aggregate  membership  has  more  than  doubled  since 
1896. 

Mineral  Output  of  Great  Britain. ― Tlie  TT'uii(、  Offi(<、.  nn  Sat'u(l;、v 
last,  issued  an  advance  proof  (subject  to  correction)  of  the  tal»los 
relating  to  tlie  output  of  coal  and  other  minerals  in  the  United 
Kingdom,  and  tho  numl'er  of  persons  employed  at  mines  dining; 

1913.  The  document  shows  that  the  output  of  coal  from  niinos 
under  the  Coal  Mines  Act,  which  was  260,398,578  tons  in  1912, 
rose  last  year  to  287,411,869  tons,  an  increase  of  27,013,291  tons. 
The  total  is  the  highest  on  record.  There  was  a  total  of  1.127,890 
persons  employed  at  mines  undor  the  Coal  Mines  Act,  an  increase 
of  38,800  on  tho  previous  yoar.  The  increase  in  the  output  of  coal 
is  at  the  rate  of  10*37  per  cont.,  and  the  increase  in  the  number 
of  persons  employed  at  the  rate  of  3*56  per  cent.  The  output  of 
some  of  the  principal  minerals,  other  than  coal,  under  the  Coal 
Mines  Act,  were,  clay  and  shale  457,244  tons,  firo  clay  '2..*8-*>,7*；.'? 
tons,  ironstone  7,709.624  tons,  oil  shale  3,280,143  tons,  sandstono 
144.923  tons.  Under  tlie  ^fotalliferous  ^linos  Rogulation  Art,  tlio 
total  output  of  minerals  in  1913  reached  3/23G.283  tons,  as  com- 
pared with  3,024,621  tons  in  the  previous  year.  Tho  total  la^t 
year  incliultHl  】，881,8'，)3  tons  of  iron  oro.  tons  of  lime- 
stone, 214,573  tons  of  rock  salt,  238.494  tons  of  fopsum,  133,981 
tons  of  clay  and  shale,  95,271  tons  of  slato.  89.718  tons  of  sand- 
stone, and  17,294  tons  of  zinc  oro.  Thero  was  a  total  of  27,412 
persons  employed  in  these  mines,  as  against  28,058  in  1912.  It  is 
pointed  out  that  large  quantities  of  several  important  minerals 
are  obtaiiiod  from  quarries  mulor  tho  (Quarries  Act,  and  from  otluM- 
open  workings  the  returns  for  which  are  not  \v t  available. 
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NEW  PATENTS. 

Specifications  of  the  following,  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  /'(.(/•/'/  nj  U"l .  Address 
il  Mechanical  Engineer^  53,  New  Bailey  Streetj  ManchesteM 

MECHANICAL,  1912. 

Tandem  compound  internal-combustion  fiigim1.    AVintle.  19795. 
Steam  traps.    Brooke.  29993. 

Pulley-blocks  and  hoisting  and  lowtMin^  w:ir.  T:ii> 

1913. 

Gas-driven  pumps.    Tooley.  7273. 
Itotary  pumps.   Hammer.  7464. 
Valve  mechanism.    Mellersh-Jackson .  7495. 
Measuring  taps  or  valves.   Odet.  7573. 
Railway  signalling  apparatus.    Forse  &  Spiller.  7582. 
Rotary  valve  mechanism  for  internal-combustion  engines. 

des  Etablissements  Malicet  et  Blin.  7590. 
Railway  motor-cars.    Baguley.  7665. 
Turbine  pump  or  compressor.    Lawaczeck.  7783. 
Internal-combustion  turbine,  applicable  also  as  a  steam  turbino. 

Flower,  Bradley,  &  Wichmann.  7821. 
Apparatus  for  determining  quantities  of  gas.   Binz.   80  li*. 
Water  meters.    Nash.    81 04. 
Gas-producers.   Hart.  8126. 
Vacuum  gauges.    Scanes.  8170. 

Easy- starting  device  for  internul-roinbiistioii  ciiiii ih's.    Pybus  and 

Pybus.    8202.  . 
Driving  or  conveyer  belts.    Turner  &  Turnei'.  8636. 
Automatic  combined  lever  brakes  for  pit  cages  and  hoists.  Parkes 

and  Parkes.  8897. 
Rotary  engines,  motors,  air-compressors,  and  pumps.  Hodges. 

8991. 、 

(Miiuige-speed  gear  for  motor  vehicles.   Lancliester.  9427. 
Throttle-valves  for  internal-combustion  engines.     Pentony,  and 

W.  H.  Dorman  &  Co.  9694. 
Driving  belts.   Thompson.  10109. 

Auxiliary  air-inlet  valves  of  internal  conii>ustion  enghies.  ^Vhalley. 
10238. 

Air-admitting  means  for  internal-coinbustiou  engines.  Wilson. 
10520. 

Internal-combustion  motors. .  Medinger.  10GGG. 
Ilail-bending  apparatus.   Vojacek.  10686. 

()[>t'ration  of  cooling  iron  or  steel  burs  preparatory  to  rolling 

into  sheets.    Morgan  &  Davies.  1U878. 
liidicating    and    recording    apparatus    for   hydraulic  presses. 

Sclmch.  11011. 
\'ariable-speed  gearing.    Alexander.  115GG. 

Valve  arrangement  for  internal-combustion  engines.  Robertson. 
12006. 

Steam  generators.    -Makin  A:  -Makin.  1201)!). 

.Means  for  supplying  air  to  boiler  furnaces.    McKee,  Powers,  and 
Tait,  12096. 

Valve  mechanism  of  internal-combustion  engines.    Bellamy.  12450. 
Motor  vehicles.    Ainswoi-th.  12842. 
Driving  belts.    Feuge-Reuforth.  133'2'2. 

Temperature-determining  devices.     Heathcote,  and  Rudge-AVlnt- 

worth,  Ltd.  13875. 
Kegulating  superheat  in  connection  with  steam-generators.  Bab- 

cock  &  Wilcox,  Ltd.,  and  Kosmthal.  13971. 
Percussive  tools  for  scaling  tubes.    Brindiey,  and  Boiler  Scalers, 

Ltd.  14102. 

Hydraulic  hoisting  machinery.    Sir  \V.  0.  Armstrong,  Whitwortli, 

and  Co.,  and  Murray.  14129. 
Automatic  controlling  appliances  for  air  compressors.  Wilson, 

and  Tilghman's  Patent  Sand  Blast  Company.  14554. 
Apparatus  for  the  generation  of  water  gas.    Stephenson.  15677. 
Means  for  supplying  auxiliary  driving  fluid  to  internal-conihustion 

engines.    Letombe.  15781. 
Internal- cnmlmstion  rotary  engines.    Tygard.  17377. 
Regenerative  gas  furnaces.    Siemens.  17956. 
Turbines.   Fottinger.  18006. 

Burners  and  burner  fittings  for  furnaces.  Muers.  18033. 

Facing   chucks  for   surfacing,   boring,    and   milling  machines. 

Kearns,  Burton,  and  H.  W.  Kearns  &  Co.  19066. 
Milling  cutters  and  circular  saws.    Smith.  21297. 
Film-lubricated  thrust  bearings.   Michell.  21557. 
Rotary-valve  mechanism  for  internal-combustion  engines.  Pazos. 

21729. 

(Mutching  or  coupling  device.     Schweinfurter  Pracisions-TCugel- 

Lager-Werke,  Fichtel,  &  Sachs.   221 4H. 
Automatically  controlling  the  supply  of  air  to  boiltu* 

Frere.  23018. 


to  pipt*s 


Piston  packing  rings.    Carlisle  &  Harhord.  23369. 
Wrenches.    Kadow.  24423. 
Stoiim  boiler  settings.   Babcock  &  Wilcox,  Ltd. 
Il,v(l nmli(,  compressor.    Davcy.  25065. 
Valvo  for  automatically  stopping  the  supply  of  liquid 

upon  breaking  of  the  latter.    Meier.  26572. 
Pneumatic  elevators.    Mitchell,  and  Henry  Simon,  Ltd.  26694. 
Valves.    Georg  Niemeyer.  27046. 
Process  for  briquetting  iron  ore.  Crusius.  27536. 
Apparatus  for  lieating  water.    Wilkinson.  28847. 
M«'t  liod  of  cov(M  iiig  or  armouring  electric  fonductors  w  itli  mi't  a  I 

('1 隱. 29028. 

1914. 

Compression  and  priming  taps  or  valves  for  internal-combustion 
t»nginos.   Langdon,  and  Ross  Courtney  &  Co.  938. 

ELECTRICAL,  1913. 

Automatic  regulators  for  electric  supply  systems.  Kettering  7544 

and  7546. 
Dynamos.    Peugeot.  7840. 

Driving  of  looms  by  electric  motors.  Siemens  Scbuckertwerke  Ges. 
7842. 

I  iicandescont  electric  lamps.    Beckwith.  8124. 

I  )y  namos.     Mason.  8128. 

Mercury  vapour  lamps.  Heinmann.  8172. 

Arc  lamps.    British  Thomson-Houston  Company.  8416 

Electrical  connectors  of  the  plug  and  socket  type.  Lundberg,  Lund- 

ItiT^,  Lm ihIIkm^,  tt  Pegg.  9460. 
Ampeiv  liour  nutter.    Allgemeine  Elektricitats  Ges.  9503. 
C'oiitrollijig  of  electric  motors    for   ship    propulsion.  Siemens 

Schuckertwerke  Ges.  13148. 
Electric  switches.   Lucas  &  Handley.  13721. 

Apparatus  for  closing  aud  interrupting  electric  currents.  Poulscii. 
14034. 

KU'ctric  light  fittings.  Lucas  &  Veritys,  Ltd.  14170. 
('""liiig  of  dynamos.    Akt.-Ges.  Brown,  Boveri,  et  Cie.  14941. 
K!*'ctric-lainp  holders.    Day.  15318. 
Kh'ctric  sw  itches.    Lucas  &  Lucas.  16885. 
Klt-ct l  ii  -cii-cuit  closing  devices.    Siemens  Schuokertwerkt' 
^h^nis  for  oporuting  electric  switches  from  a  distance. 

Brothers  Dynamo  Works,  Ltd.,  Lydall^  and  Brooks. 
Apparatus  for  electrically  smelting  metal.  Guggenheim. 
Electrical  protective  systems.    Waters.  25274. 
Collector-brush  holders  for  electrical  apparatus.    Christie.  25464. 
I'«'l;iy  arrangements  for  the  automatic  control  of  electric  circuits. 

Sin iiens-Schu ckertwerke  Ges.  27824 . 

1914- 

Commutators  for  oloctricity  meters.  Elster. 
ia'(.tr("lt's.    Kr"、d.  Krupp  Akt.-Ges.  6055. 


17532. 
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METAL  QUOTATIONS. 

TUESDAY,  APRIL  21st. 

Aluminium  ingot    8fi/-  per  cwt. 

,,         wire,  according  to  sizes,  &c  from  112/ -  " 

,,        sheets        ,，  "    ，,  112/-  ，， 

Antimony   £27/10/-  to  £29/10/-  per  ton. 

Brass,  rolled   TJd.  per  lb. 

，,    tubes  (brazed)   9fd.  ，， 

"       "     (solid  drawn)   8d.  " 

，,       ，,      wire    7Jd.  ，， 

Copper,  Standard   £64/2/0  per  ton. 

Iron,  Cleveland   50/7^-  '， 

，， Scotch   56/ 7  J  ，， 

Lead,  English    £18/10/-  ，， 

，， Foreign  (soft)    £18/2/6  " 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"  ,,  ，，       medium   3/6  to  6/-  ，， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/-/-  per  bottle. 

Silver   26^Jd.  per  oz. 

Spelter    £21/10/-  per  ton. 

Tin,  block   £160/15/-  ,， 

Tin  plates,  I.C   12/10^-  per  box. 

Zinc  sheets  (Silesian)  •,   £24/15/-   per  ton. 

，，  (Stettin  ；  Vieille  Montagne)   £25/2/6  " 


Trailer  Trams  for  London. ― The  London  County  Council's 
application  to  the  Board  of  Trade  for  permission  to  run 
further  trailer  tram  cars  on  its  system  has,  we  learn,  been 
successful,  the  Government  Department  having  authorised  the 
running  of  trailers  on  several  additional  routes  in  Smith 
Londoii. 
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Unification  of  London  Electricity  Supply. 

The  report  by  Messrs.  Merz  and  McLellan  to  the  London 
County  Council  on  the  present  position  and  future  develop- 
ment of  electricity  supply  in  London,  though  concerning 
Londoners  primarily,  is  of  interest  to  other  large  urban 
centres,  as  it  serves  to  illustrate  not  only  the  extent  to  which 
unification  of  control  and  concentration  of  power  production 
determine  the  economic  distribution  of  electrical  energy,  but 
also  the  extent  to  which  lack  of  such  unification  leads  to 
inefficiency  and  waste.  The  Metropolitan  Police  .area,  which 
includes  what  is  known  as  Greater  London,  is  at  present 
supplied  with  electrical  energy  by  65  authorities  from  70 
generating  stations,  each  averaging  4,400  kvv.,  and  using 
altogether  about  560  engines  each  averaging  550  kw.  and 
generating  electricity  on  49  different  systems,  the  total  plant 
and  machinery  used  in  these  undertakings  costing  on  the 
average  about  £26  per  kilowatt.  Viewed  in  the  light  of 
present  practice,  this  summary  of  the  means  by  which 
London's  demand  for  electric  power  is  met  seems  woefully 
inefficient  and  behind  the  times,  and,  could  the  production 
and  distribution  of  electrical  energy  in  the  area  named 
be  treated  by  the  engineer  as  a  virgin  problem,  enormous 
economies  could  be  easily  effected.  But,  like  Topsy,  London's 
electrical  requirements  and  methods  of  supply  have 
" g rowed  / '  and  the  question  is  how  can  the  present  inefficient 
system,  or  rather  want  of  system,  be  best  improved,  in  view  of 
existing  rival  authorities  and  vested  interests,  for  it  is 
these  which  make  the  question  difficult.  The  economical 
production  of  electricity  is  inseparably  associated  with 
large  power  units,  and  how  greatly  London  is  behind  in  this 
respect  is  evident  on  comparison  with  other  cities,  where 
units  of  machinery  up  to  30,000  kw.  at  a  cost  of  £7 
to  £8  per  kilowatt  are  used,  as  against  550  kw.  at  a  cost 
of  £26  per  kilowatt   in  London.      Any  method  of  reform- 
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ing  existing  production  and  distrilmtion,  to  be  satisfactory, 
must  inevitably  take  into  account  future  requirements  as 
well  as  present  needs,  while  low  cost  is  impossible  without  a 
heavy  load  factor.  Estimates  of  the  ono,  or  the  best  means 
of  securing  the  other,  are  matters  on  which  there  is  room  for 
wide  difference  of  opinion,  so  that  it  is  scarcely  to  be 
expected  that  Messrs.  Merz  and  McLellan's  views  will  pass 
lUH'hallenged.  Their  statement,  for  instance,  that  the 
greatest  improvement  in  the  load  factor  in  the  near  future 
will  l)e  obtained  from  the  addition  of  cooking  and  heating 
load  as  a  result  of  diminished  cost  will  certainly  not  be 
universally  aorepted,  while  many  will  regard  their  statement 
that  20  times  the  present  output  of  the  lighting  undertakings 
is  a  conservative  calculation  of  London's  requirements  in  the 
near  future  as  unduly  optimistic.  Apart,  however,  from  tlie 
difference  of  opinion  which  must  inevitably  exist  where 
probabilities  have  to  be  taken  into  account,  it  is  interesting 
to  consider  the  recommendations  they  propose  and  the 
economic  conclusions  arrived  at.  Two  wavs  of  effecting 
important  economies  are  suggested  and  discussed.  One  is  to 
allow  the  extension  of  8  or  10  of  the  best  existing  stations  and 
gradually  abandon  all  the  others.  The  other  is  to  aim  at  the 
gradual  abolition  of  all  the  stations  in  or  near  the  metropoli- 
tan area  and  the  concentration  of  production  of  electricity  for 
all  purposes  on  sites  situated  on  the  river  and  well  outside  tlie 
city.  The  arguments  in  favour  of  the  first  plan  are  that  it 
would  be  easier  to  carry  out  a  more  radical  change  and  that  it 
would  save  in  cost  of  transmission  ；  while  those  in  favour  of 
the  second ― tlie  policy  recommended ― are,  (a)  that  it  would 
effect  a  saving  in  cost  of  production  more  than  sufficient  to 
balance  the  increased  cost  of  transmission  ；  (A)  tliat  it- 
would  allow  unlimited  room  for  expansion  and  possible 
by-product  work  :  and  (r)  that  it  would  gradually  remove  fuel 
consumption  from  London.  Tf  the  second  alternative  policy 
were  adopted,  the  authors  of  the  report  estimate  that  the 
savings  in  working  costs  which  existing  undertakings  could 
effect  by  obtaining  their  current  from  such  a  concent  rated 
plant  supplying  for  all  purposes  would  be  not  less  than  18  per 
cent.,  or  about  £170,000  a  year,  after  allowing  for  all  capital 
charges  on  new  plant  and  mains.  Further,  that  the  initial 
capital  outlay  required  for  the  purpose,  allowing  for  growth 
of  demand  during  the  next  four  years,  would  be  between  six 
and  seven  millions  sterling.  This,  of  course,  would  be  quite 
apart  from  the  capital  which  would  be  extinguished  by  the 
abolition  of  existing  plants,  and  which,  it  is  estimated,  could 
be  written  off,  by  the  yearly  saviug  coupled  with  present 
sinking  funds,  by  1931.  Comparing  the  policy  recommended 
with  its  alternative,  they  point  out  that  to  supply  the  general 
domestic  demand  from  10  model  stations  on  any  of  the  present 
sites  would  cost  at  least  20  per  cent,  more  than  from  plant 
concentrated  on  the  river,  and  that  if  the  comparison  be  made 
not  with  10  new  stations,  but  with  10  of  the  best  existing 
stations  rearranged,  the  policy  of  extending  on  existing  sites 
would  show  to  still  less  advantage.  These  figures  of  the 
relative  advantages  and  disadvantages  have  doubtless  been 
carefully  worked  out,  though  the  details  on  which  they  are 
based  are  lacking  in  the  report,  and  possibly  their  presentation 
might  lay  the  conclusions  open  to  criticism.  It  is  impossible, 
however,  to  peruse  the  report  which  has  been  presented 
without  being  impressed  with  its  thoroughness,  and  also  with 
the  fact  that  the  production  and  distribution  of  electrical 
energy  in  London  is  sadly  in  need  of  overhaul  and  greatly 
behind  that  of  other  leading  cities. 

Institution  of  Mechanical  Engineers. ― At  the  anniversary 
dinner  of  this  Institution,  held  on  the  23rd  ult,，  in  London, 
the  President  (Sir  H.  F.  Donaldson)  stated  that  amongst  the 
plans  for  the  future  was  the  issue  in  June  of  an  Institution 
journal  and  the  discussion  in  the  provinces  of  papers  read  in 
London. 


DESIGN  OF  STEAMSHIPS  FROM  THE  OWNER'S  POINT 
OF  VIEW,* 

BY  L.  PKSKETT. 

Twenty-one  years  ago  the  principal  ships  of  the  Cunard 
Company  were  propelled  by  single  screws,  the  engines  bein^ 
of  tlie  triple-cylinder  compound  type.  In  1893  came  the  twin- 
screw  steamers  "  Campania  "  and  "  Lucania  ，，  with  ti'iple- 
expansion  engines.  In  1905  twin-screw  steamer  "  Cai'oni;"" 
quadruple-expansion  engines.  In  1905  triple-screw  steamer 
" Carmania/'  compound  turbine  engines.  In  1907  quadruple- 
screw  steamers  "  Lusitania  "  and  "  Mauretania/'  compound 
turbine  engines.  In  1914  quadruple-screw  steamer  "  Aqui- 
tania，，，  triple-expansion  turbine  engines.  In  1914，  building, 
twin-screw  steamers  "  Transylvania  "  and  "  Aurania/'  com- 
pound geared  turbine  engines. 

The  effect  of  the  owner's  experience  on  the  design  and  con- 
struction of  any  new  vessel  is  mainly  felt  in  the  demand  for 
easy  and  inexpensive  flexilnlity  of  arran^eineiit  and  ] tower. 
The  evolution  of  the  design  must,  in  fact,  be  developed  from 
the  owner's  experience  and  data,  if  tlie  finished  ship  is  to  prove 
a  successful  commercial  asset.  A  builder  may  produce  a  vessel 
possessing  every  virtue  as  regards  perfect  material  and  finisli, 
but  the  material  may  not  be  so  arranged  as  to  prove  a  source 
of  profitable  revenue  on  the  trade  for  wliicli  tho  ship  is 
intended.  Most  shipowners  now  employ  a  technical  staff  who 
can  determine  the  features  of  new  designs,  and,  this  being  so, 
they  should  take  upon  themselves  a  considerable  liurden  of 
responsibility,  and  avoid  imposing  strict  guarantees  upon  the 
Imi Icier.  This  will  effect  a  reduction  in  first  cost,  for  the 
builder,  if  he  is  confronted  by  heavy  penalties,  Tiiust  protect 
himself  by  increasing  the  cost  to  the  owner. 

Generally  speaking,  tlie  owner  has  access  to  a  mass  of  data 
which  will  guide  him  in  dealing-  with  the  preliminaries  "of  new 
designs. 

The  Turbine  Committee  was  constituted  by  the  Cunard 
Company  in  August,  1903,  for  the  purpose  of  enquiring  into 
the  advisability  and  practicability  of  adopting  turbine  machi- 
nery in  steamers.  The  amount  of  information  amassed 
ultimately  led  the  company  to  their  decision  to  install  engines 
of  this  type.  While  on  the  subject  of  turbines,  attention  may 
be  drawn  to  tlie  bold  experiment  made  by  the  Cunard  Com- 
pany in  building  two  ships  of  equal  dimensions  and  displace- 
ments― the  "  CTaronia  "  and  "  Carmania  "  ―  one  fitted  with 
reciprocating  engines  and  the  other  with  turbines.  The  boiler 
power  in  both  ships  is  identical  ；  the  forms  are  as  nearly  alike 
as  it  was  possible  to  make  them.  The  "  Caronia/'  fitted  with 
quadruple-expansion  reciprocating  engines,  is  propelled  by 
twin  screws,  running  at  an  average  of  80  revs,  per  minute. 
The  "  Carmania/'  fitted  with  compound  turbine  engines,  is 
driven  by  triple  screws,  running  at  an  average  of  175  revs, 
per  minute.  These  ships  have  now  been  on  service  for  over 
eight  years,  and  the  results  do  not  warrant  the  adoption  of 
direct-acting  turbines  to  drive  a  ship  of  this  type  at  a  speed 
of  18  knots,  the  coal  consumption  for  the  "  Carmania  "  being 
considerably  greater  than  that  of  the  "  Caronia." 

The  mass  of  data  which  became  available  after  the 
" Lusitania  "  and  "  Mauretania  "  had  been  on  service  for  some 
years  made  the  problem  of  designing  the  "  Aquitauia  '  one 
of  comparative  simplicity.  The  problem  was  that  of  designing 
a  third  ship,  capable  of  working  with  the  above  on  the  mail 
service  to  North  America.  This  new  ship  had  a  different 
financial  outlook  from  that  of  the  "  Lusitania  ，，  and  "  Maure- 
tania," as  these  latter  each  receive  a  substantial  subsidy,  ami 
the  company  wished  to  possess  in  the  third  vessel  one  which 
would  make  as  much  per  voyage  without  a  subsidy  as  the 
express  steamers  were  making  with  one.  This  involved  the 
construction  of  a  ship  which  could  sail  regfularly  from  either 
terminal  port  once  every  three  weeks,  and  unless  an  expensive 
rush  is  to  be  experienced  at  the  termini,  such  a  vessel  should 
not  take  longer  than  5h  clays  on  the  voyage.  A  speed  of 
23  knots  was  decided  upon  as  being  tlie  most  desirable  for 
such  a  purpose. 

The  problem  thus  became  to  design  a  vessel  which, 
travelling  at  23  knots,  could  earn  the  greater  profit  aimed  at. 
The  alteration  in  speed  meant  a  reduction  in  the  cost  of  coal, 
to  which  had  to  be  added  lessened  running  expenses  and  a  gain 

*  Abstract  of  paper  road  at  the  spring  meetings  of  the  fifty-fifth  session  of  tlie 
Institution  of  Naval  Architects,  April  3rd .  1914. 
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in  cargo  (]r;ul\voi£3;ht..  It  was  ovidont  tliat  1  o  o}\\  ain  suffif 
revenue  from  passon^ors  to  make  up  t  \\o  r('m;"ii<l('r  o!"  t  lu*  sum 
airnod  at,  ( Iio  now  ship  would  ro(|uir('  ； m  addil  inn;il  <lo<*k  over 
and  ahovo  tlie  numl)er  on  tlie  "  Lusitani;i  "  ami  "  M ;uirct a n i;i . " 
】n  the  ]>reliniinarv  c;ilculat  ion  an  ('(Vort  was  i r i ; i < 1 1 •  i  o  in(  roducc 
this  deck  without  adding  fn;ii(M-ia  1  ly  1  o  I  he  1  ol  ;i  I  ilf'pUi  ol"  t  lie 
slii[>s  already  const  ructed.  Tlx*  rosult  was  not,  sal  isfactcry  ； 
the  (l(vk  was  added  wit  Ii  a  n  increase  of  dcpl  li,  ； m'l  ii  was  socn 
that  the  beam  would  have  1o  ho  {,()rtos[)oii(iiii<(l v  inn-oased  to 
give  the  neressary  stability. 

When  viewed  from  the  owner  s  standpoint ,  t  Iio  problem  of 
p(H»iornical  propulsion  is  one  whicli  assumes  ； i  dilVeront  ； lsjuu't 
from  t  Iiat  wliicli  it  possesses  when  suhjedcd  i  o  t  lie  crit  n-i:-ni 
u「  f  lip  purely  scientific  oxpci-iiiKMif  er.  Natur;illv,  t  he  owner 
will  einhfac'  any  economy  thai  c;i  ti  ho  ofl'crod  to  liim.  But 
pronomic;il  propulsion  is  not  merely  ?i  niatt  or  nl'  o)>lainiii^  an 
economical  prime  mover.  TIkmo  is  ;i,  l>al'm('f、  s1i(m>I  in  })o  con- 
sidorod  and  eronomioal  credits  imist  1)0  balanced  against  their 
derivative  debits.  Take,  for  example,  i ho  economy  of  a 
quatlniplc-expansion  engine  over  a  triple-expansion  engine  of 
ocjual  power.  There  will  xiiul(>ul)tr,(llv  Iio  ； i 『u(、l  oconorny,  bub 
tliero  will  nocossiirily  bo  a  l;u'i>-oi'  (Mii^ino.  1 1  won I< I  not,  how- 
ever, l»o  wise  to  adopt  ;i.  r(ii;uli'ii|>lo  oxjwinsioii  ：-cl  \vi(  liont  a 
careful  ； indit  ing  of  the  pros  and  t-ons.  Tl"、  lit  I  ing  of  the 
qua<lriiplo  t  vpe  would  save  ('n;il，  lnii  it  wnulil  involvo  r。<hi('in"' 
tho  cur^o  cupMcity,  for  the  engine-room  would  liave  to  be 
leiiffthoned  to  make  room  for  the  extra  cvliiulor  and  rrank, 
and  initial  cost,  weight,  and  upkeep  would  all  be  increased. 
Theso  in ii^lit  moro  than  a))sorh  anv  oconoin v  rcsull  in<^  from 
the  marliinery,  or  from  saving  bunker  space  no  longer 
required.  Tt  has  been  found  that  unless  tlio  distance  between 
the  coalini';  ports  exceeds  about  2,000  miles,  thoro  is  no 
advantage  in  fitting  qua(lni])]o  instead  of  triple-expansion 
enoines,  wlien  ； ill  the  elemonts  of  cost,  weight,  consumption  of 
fuel,  depreciation,  u])keep,  and  otlior  incidentals  are  taken 
into  account. 

In  fitting  combination  sets  of  reciprocating  engines  and 
turbines  in  car^o  steamei's  where  the  turbine  has  to  be  placed 
abaft  the  reciprocating  en^inos,  the  loss  of  cargo  s|)(')('e  cannot 
be  compensated  for  l>y  the  additional  economy  in  machinery. 
Tn  cases  where  the  ship  has  sufficient  beam  to  allow  of  the 
i'eripm(、'itiiig  engines  and  tlie  low-pi-essure  turbine  being 
placed  a,l)i'o;ist,  an  ultim;ito  economy  can  often  l)e  effected, 
altliongli  here  also  tlie  additional  shaft  tinuiel  reduces  the 
cargo  capacity.  A  further  disadvantage  of  placing  the  turbine 
between  the  shafts  almft  tlie  reciprocating'  engine-room  is  due 
to  the  ventilating  hatch  overhead.  It  is  obvious  that  the 
advantages  gained  by  increased  economy  in  niaoliinery  may 
not  counteract  the  loss  in  cargo  capacity  and  in  revenue  that 
mi^lit  be  obtained  from  cabins  if  fitted  in  those  spaces  occupied 
by  the  machinery  casings  which  pass  through  deck  after  deck. 
If  the  same  power  could  be  put  into  three  or  four  turbines 
abreast  with  only  one  or  two  hatches  over  them,  the  chances 
of  net  economy  being  effected  would  be  enhanced. 

The  Cunard  Company  have  experimented  with  Herr 
Fralim's  tanks  on  the  u  Laconia,"  and  it.  lias  }>eon  shown 
wi tli out  question  that  in  that  particular  instance  they  liavo 
resulted  in  a  reduction  in  the  amplitude  of  rolling  amounting 
to  an  average  of  60  per  cent.  In  the  case  of  ships  of  the 
proportions  of  the  u  Aquitania,"  rolling  is  a  feature  to  be 
avoided  by  every  possible  means.  The  great  beam  of  such 
vessels  increases  the  actual  amount  by  whicli  ])assen^ers 
berthed  near  the  shell  of  the  slii!)  are  alternately  raised  and 
lowered  as  rolling  takes  place.  The  "  Aquitania  "  is  therefore 
beiii^  fitted  with  anti-rolling  tanks,  and  bilge  keels  have  been 
dispensed  witli,  and  there  is  no  doubt  this  expei-inuMit  will  be 
watched  wil  li  mucli  interest. 


OGDEN'S  STEAM  DRYER  AND  OIL  SEPARATOR. 

The  accompanying  illustrations,  Figs.  1  and  2，  show  sectional 
views  of  a  steam  dryer  and  oil  separator,  the  invention  of 
Mr.  J.  E.  L.  Ogclen,  Lincoln  Drive,  Liscarcl.  The  ； arrangements 
comprise  a  plurality  of  curved  slotted  tubes  of  relatively  small 
bore  having  scraper  edges  projecting  therein,  the  parts  being  so 
disposed  that  the  steam  passing  through  the  tul>es  is  directed 
against  the  slots  and  against  the  scraper  edges  so  as  to  cause 
the  separation  therefrom  of  the  liquid  contents. 

The  steam  dryer  shown  in  Fig.  1  consists  of  an  outer 


casing  A  and  a  nest  of  tubes  B  of  curved  form,  the  tubes 
l)Hng  held  in  two  platos,  ono  of  whirh  is  finnlv  sfrmf'l  in 
position  whilst  t  ho  other  is  capaMf  of  ii»ovfin*Mtl  wit  li  in  tlio 
rasing.  The  freo  or  loose  tuhe  plate  is  at  the  inlfi  f'i"l  of 
tlie  t uhos  and  is  s'iital)ly  inclined  so  that  any  liquid  whirli 
may  lodge  tliereon  flows  to  its  lower  end,  where  it  ca ii  pass 
beneath  the  plate  edge  to  a  colifcl in^  siiiii]>  K.  Tli(*  <-iii  ：*-<\ 
tubes  have  each  a  series  of  slots  G  therein  at  ri^lit  an<.'N-  t<> 
the  tube  axis,  and  adjacent  to  each  slot  aiul  in  tlie  side  thereof 
remote  from  the  tube  inlet,  the  metal  of  the  tube  is  '  'I 
inwards  as  at  H  so  as  to  oft'er  a  sliarp  ed^o  to  i]w  sfoam 
ing  along  tlie  tube.  Tlie  slots  G  and  scraper  edges  H  are  on 
the  outer  side  of  the  tube,  so  that  as  the  stearn  ruslie:^  tl"', 卜'； i 


Fig.  1.— Ogden's  Steam  Dtiyfr. 

the  tube  it  will,  as  its  direction  of  motion  is  changed  by  the 
tube,  impinge  upon  the  edges  and  be  deprived  of  any  liquid 
held  in  suspension,  the  latter  tending,  on  account  of  its 
weight,  to  pass  out  of  the  tubes  through  the  gaps.  It  will 
thus  be  seen  that  the  steam  in  its  passage  tlirou^h  the  ('m'vfvl 
tubes  is  subjected  to  tlio  action  of  the  successive  scraper 
edges  which  deprive  it  of  its  liquid  contents.  The  latter 
falls  into  a  su nip  at  the  bottom  of  the  dryer  casing  from  \、  lii,  li 
it  may  return  by  gravity  to  a  boiler  or  be  expelled  by  a  steam 
trap.  As  the  pressure  in  the  dryer  casing  A  is  the  same  as, 
or  slightly  in  excess  of,  that  in  the  tubes  B,  due  to  the  kinetic 
energy  of  the  jets  at  the  tube  gaps,  the  steam  will  not  circu- 
late in  the  casing, 
but  will  be  confined  to 
the  tubes.  Thus  contact 
between  the  steam  pass- 
ing through  the  dryer 
and  the  liquid  which  has 
been  separated  therefrom 
by  the  tubes  is  obviated. 
The  dryer  casing  may  be 
of  U  shape  for  insertion 
between  vertical  pipes,  as 
shown  in  Fig.  1，  or  in;iv 
be  adapted  for  insertion 
in  a  horizont  al  pi pe  range. 
It  may  also  be  fitted  in 
the  steam  space  of  a 
boiler. 

In  the  apparatus  for  oil-separating  purposes,  Fii:.  2.  there 
is  provided  the  nest  of  curved  tubes  B  having  the  scraper 
edges  at  the  lower  portion  of  the  separator  casing.  The 
upper  portion  of  the  casing  is  adapted  to  act  as  an  expan- 
sion chamber  into  whicli  the  steam  issues  on  entering  the 
apparatus.  During  expansion  the  oil  particles  in  the  steam 
deposit  and  fall  to  tlie  collecting  trough  J.  From  this  trough 
the  greasy  surface  film  overflows  to  the  sides  of  tlie  separator 
casing  and  falls  to  the  sump  F.  The  trough  J  extends  arro>s 
the  separator  but  clears  the  side  walls  so  as  to  permit  of  the 
overflow  before  referred  to.  The  steam  aftor  passing  tlirough 
the  expansion  chamber  travels  through  tlie  tubes  B  and  is 
there  acted  upon  by  the  scraper  edges  against  which  it  is 
projected  wliilst  its  direction  of  motion  is  being  changed. 


Fio. 
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HIGH-POWER  DIESEL  ENGINES:  THEIR  DEVELOPMENT  FOR 
MARINE  SERVICE.* 

BY  JAMES  RICHARDSON,  B.SC.，  A.M. INST. C.E. 

The  present  time  would  appear  to  be  opportune  for  a 
review  of  the  past  achievements  of  the  Marine  Diesel  Engine, 
so  that  a  due  consideration  of  those  performances  and  a  full 
realisation  of  the  failures  may  throw  light  along  the  lines  of 
development  in  the  future  towards  increase  of  power  per  unit 
and  the  standardisation  of  a  type  more  suitable  to  meet  marine 
conditions.  The  force  of  such  discussion  at  the  present  moment 
cannot  be  questioned  since  there  is  no  doubt  that  the  marine 
oil  engine,  in  its  progress,  has  passed  through  the  first  phase  of 
its  evolution  and  is  at  present  at  a  comparative  standstill 
awaiting  the  application  of  the  lessons  of  past  experience. 

So  far,  it  is  true  that  the  Diesel  engine  has  not  justified 
the  glowing  and  glorious  anticipations  of  the  many  enthusiasts 
who  were  attracted  by  this  prime  mover.  Early  prophecies 
were  much  too  sanguine,  and  the  main  reasons  for  the  non- 
fulfilment  of  the  expectations  may  be  briefly  summarised,  as 
follows :  (1)  Theoretical  considerations,  apart  from  foundry 
work,  were  given,  as  is  frequently  the  case  with  Continental 
engineers,  pre-eminence  in  comparison  with  those  practical 
factors  which  must  be  of  the  most  vital  importance  where 
marine  work  is  concerned.  (2)  On  account  of  the  economic 
conditions  abroad  the  oil  engine  was  largely  developed  for 
land  purposes,  and,  due  to  the  aforesaid  optimism  and  without 
reference  to  the  opinions  of  marine  engineers,  land  engines 
were  applied  to  marine  work  without  the  necessary  modi- 
fications. (3)  Over  ambition  led  to  the  increase  of  the  sizes  of 
the  unit  without  sufficient  knowledge  of  the  many  difficulties 


which  are  intensified  out  of  all  proportion  to  the  increase  of 
power  per  unit.  (4)  The  failure  of  constructors  to  realise  fully 
the  importance  of,  and  to  apply  practically,  scientific  experi- 
mental work  and  research. 

Generally  stated,  these  may  be  said  to  be  the  main  causes 
of  the  retardation  of  the  progress  of  the  Diesel  engine  for 
marine  propulsion.  It  might  be  inferied  that  success  has  not 
been  achieved,  but  such  a  conclusion  would  be  entirely 
erroneous.  There  are  firms  who,  in  the  application  of  the 
marine  Diesel  engine,  have  so  far  been  entirely  successful. 
The  question  may  well  be  asked  why  such  firms  have  done 
so  well.  The  reason  is  not  far  to  seek.  Primarily,  they  have 
been  marine  engineering  firms.  Secondarily,  they  have  been 
careful  and  conservative.  To  particularise,  the  cycle  of 
operation  to  which  they  have  rigidly  adhered  has  been  the 
four-stroke  cycle.  Increases  of  power  have  generally  been 
attained  by  adding  to  the  number  of  separate  units  rather 
than  by  risking  the  disproportionate  augmentation  of  diffi- 
culties consequent  upon  an  increase  in  size  of  unit.  Price  has 
not  been  cut,  weight  has  not  been  sacrificed,  simplicity  has 
not  been  forced,  and  the  result  has  been  success. 

The  well-known  advantages  of  the  oil  engine  for  warship 
propulsion — the  saving  in  wieight,  space,  fuel,  engine-room 
personnel,  facilitating  increase  in  fighting  efficiency  (i.e,  gun 
power,  radius  of  action,  &c.)，  the  possibility  of  getting  under 
way  in  a  very  short  time,  and  the  decrease  of  clanger  to 
explosives  from  the  radiated  heat  of  the  propelling  unit— have 
led  authorities  on  many  occasions  to  voice  the  opinion  that 
the  oil  engine  must  be  developed  for  higher  powers.  It 
requires  only  sufficient  stimulus  to  be  given  for  the  engineer 
to  attack  with  vigour  whatever  obstacles  stand  in  the  way  of 
a  successful  issue. 

The  Cycle  of  Operation. ― In  considering  future  possibilities 
only  the  two-stroke  cycle  will  be  dealt  with,  as  the  power  of 

•  Paper  read  before  the  Junior  Institution  of  Engineers,  April  20th,  1914. 
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the  four-stroke  cycle  engine  is  limited  by  the  difficulties  of 
dealing  with  the  exhaust  unless  auxiliary  exhaust  ports  be 
int reduced,  in  which  case  the  reason  for  retaining  the  four- 
stroke  cycle  would  seem  to  disappear.  These  auxiliary  ports 
have  been  applied  to  a  fast  running  four-cycle  engine  in  order 
to  permit  of  the  escape  of  the  high-temperature  gases  before 
t  he  exhaust  valve  in  the  cylinder  head  opens.  This  method  of 
exhaust ― both  with  ports  and  a  valve ~ will  decrease  the  mean 
eiTective  pressure  of  the  expansion  stroke,  and  may  tend 
towards  inefficiency  of  suction  since  at  the  end  of  that  stroke 

these  ports  are  again 
uncovered,  and  the 
quality  of  the  suction 
charge  may  be  affected. 
The  gain  in  weight 
and  space  occupied 
with  the  two-cycle 
engine  is  not  great, 
as  will  be  explained 
later,  especially  when 
the  extra  fuel  con- 
sumption, some  ten  per 
cent.,  is  considered,  but, 
notwithstanding  this, 
to  obtain  the  maxi- 
mum actual  mean 
effective  pressure  per 
revolution,  the  two-stroke  engine  will  be  adopted.  The 
relative  merits  of  the  two  systems  will  not  be  further  discussed 
in  the  present  paper,  nor  will  the  double-acting  system  be 
compared  with  the  single-acting.  Whereas  the  double-acting 
engine  will  no  doubt  be  an  ultimate  success,  its  future  depends 
entirely  upon  the  solution  of  many  problems  affecting  the 
single-acting  engine,  since  there  are  few  further  difficulties 
with  a  double-acting  engine,  more  especially  when  the 
scavenging  is  carried  out  by  means  of  ports.  On  the  Continent, 
difficulties  in  connection  with  large  double-acting  gas  engines 
and  also  with  large  double-acting  Diesel  engines  for  land  work 
(500  b.h.p.  per  cylinder  end,  i.e.,  1,000  b.h.p.  per  cylinder) 
would  seem  to  have  been  successfully  surmounted. 

Speed  of  Revolution. ― Apart  from  naval  considerations, 
the  speed  of  revolution  of  Diesel  engines  will  always  be  rela- 
tively higher  than  that  of  steam  engines,  since  the  principle  of 
the  engine  demands  this  to  give  flexibility  as  defined  by  the 
ratio  of  normal  running  speed  to  minimum  running  speed  for 
a  continuous  period  under  suitable  working  conditions.  Again, 
the  accuracy  of  workmanship  and  the  excellence  of  materials 
required  by  those  parts  subject  to  pressure  and  to  temperature 
make  it  possible  economically  to  run  the  oil  engine  at  a  rela- 
tively high  normal  speed  of  revolution. 

Piston  Speed. — The  question  of  piston  speed  is  not  one 
of   primary   importance,   and  with  two-stroke  single-acting 

engines  it  is  desirable  some- 
times that  this  speed  should 
be  such  as  to  cause  a  certain 
inertia  to  permit  of  easy 
lubrication.  Without  this 
high  inertia,  of  course,  the 
pressure  is  always  in  the 
one  direction  upon  all  main 
bearings,  as  shown  in  Fig. 
5.  The  stroke-bore  ratio 
is  determined  by  considera- 
tions of  ：  (1)  Ratio  of  com- 
bustion volume  to  cooling  surface.  (2)  Method  of  scavenging 
adopted.  (3)  Limits  of  height  of  engine.  (4)  Type  of  crank- 
sliaft,  whether  solid-forged  or  built-up. 

Regarding  No.  2，  it  may  be  briefly  stated  that  valve 
scavenging  permits  of  a  large  stroke-bore  ratio,  whereas  port 
scavenging  requires  that  this  be  kept  relatively  low,  so  that 
the  air  introduced  through  the  cylinder  wall  ports  may 
efficiently  sweep  out  the  products  of  combustion  in  the  com- 
bustion space.  Compare  Nos.  1，  2,  3，  6，  7，  8，  and  9  with  valve 
scavenging  with  Nos.  13，  14,  15，  and  16  with  port  scavenging 
in  Table  I.  For  naval  work,  of  course,  the  height  of  the 
engine  is  limited,  and  for  a  given  power  a  small  stroke-bore 
ratio  would  be  necessary.  To  permit  of  a  built-up  crank- 
shaft, making  for  a  low  first  cost,  a  large  stroke-bore  ratio 
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would  he  adopi  cd.    Tl"'  (\uvsi  ion  of  t  he  ral  io  of  ('() 
volume  to  cooling  surface  should  bo  careful lv  considered. 

M ran  Effcvllw  〃〃■""〃'.、■• ― The  mean  effective  pressure 
to  be  expected  with  two-cycle  engines  is  to  be  seen  from 
T;il)l(、  I.  The  pressures  given  are  for  n()rm;il  running,  and  arc 
seen  to  average  some  651bs.  per  square  inch  on  a  brake  lioix1- 
]>ower  basis  where  all  the  auxiliaries  to  the  engine  are  driven 
by  the  engine.  Trial  performances  give  higher  results,  and 
land  engines  can  be  worked  at  a  higher  output.  The  doublc- 
piston  or  J  linkers  type,  owing  to  the  rapid  ('ompressimi,  also 
has  a  liigli  mean  eiTecti ve  pressure.  Tlie  limits  ai'c  those  of  t-!Mii 
perature  and  the  means  by  which  the  mean  effect  i vt'  [n'cssurc 
in  the  future  may  be  augmented  are  :  (1)  A  liiglier  overall 
efficiency  of  the  plant,  by  the  injection  of  t lie  fuel  more 
economically  with  reference  to  tlie  amount  of  high  pressure 
fuel  injection  air  required.  (2)  Greater  turbulence  of  the  com- 
bustion air  into  which  the  fuel  is  injected,  giving  more  spon 
taneous  combustion .     {\\)   Ail  ificial   raising  of  the  exhaust 


pressure  against  which  the  engine  must  ex- 
haust, so  automatically  raising  the  scavenging 
air  pressure  and  all  the  pressures  of  the 
cycle.  (4)  An  increase  in  mechanical  effici- 
ency by  accomplishing  more  work  in  t  he 
cylinder  at  an  advantageous  p;u't  of  1  lie 
stroke,   although  this  would  inevitably  be 


ignited,  and  thus  the  work  is  done  at  a  later  \mv\  <>\  tlie  -I  rokc 
and  more  advantageous  conditions  as  regards  i'"'rli;mn  ;tl 
efficiency  are  established.    Turbulence  of  the  combustion  air 

(2)  is  effected  either  by  means  of  spiral  spraying,  such  a- 卜 
adopted  with  oil  fuel  burners  for  boilers,  or  by  setting  the 
fuel  valves  tangential  to  an  imaginary  circle  in  the  cornhust  imi 
space.    To  efTect  1  he  art  ilicial  raising  a\'  i  ho  *-xli;ni>t  |)n'    m'  + 

(3)  ,  a  throttle  valve  in  the  exhaust  main  is  all  that  is  ic<\\u\c'\ 
Rapid  compression  (5)  is  attained  with  the  engines  of  I  Ik- 
Junkers  opposed  double-piston  type. 

I  """I'  on  I'J/tf/i/i  c  I 'arts. —— The  cycle  upon  wliich  Diesel 
engines  work  necessitates  that  the  compression  of  air  in  tlie 
main  cylinder  shall  generate  suflicionl  heat  for  the  itfirncliat  c 
ignition  of  the  liquid  fuel  as  it  is  sprayed  into  the  cylinder  at 
or  near  the  top  dead  centre  of  the  engine.  This  compression 
pressure  varies  slightly  with  different  sizes  of  engines,  typfs  of 
fuel,  means  of  fuel  injection,  and  forms  of  combustion  space, 
but  ranges  from  4301bs.  to  5301bs.  per  square  inch,  and  i、  1 1"' 
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accompanied  by  a  loss  of  thermal  efficiency.  (5)  Rapid  com- 
pression permitting  of  the  minimum  aniount  of  lieat  to  lit1 
transmitted  from  the  air  to  the  cooling  water  through  tlie 
cylinder  walls  on  the  compression  stroke.  (6)  Increase  in  the 
volumetric  efficiency  of  the  charge  by  means  oi  the  double- 
port  method  of  scavenging,  permitting  the  upper  ports  to 
charge  the  cylinder  at  a  high  pressure.  (7)  Introduction  of 
higli-]>res.sure  air  on  the  expansion  stroke  to  permit  of  burning 
more  fuel  and  to  give  thus  an  overload. 

In  order  to  accomplish  Nos.  (1)  and  (4)  of  the  above,  the 
author  proposes  the  arrangement  of  fuel  valves  shown  in 
Fig.  1.  By  the  adoption  of  one  or  more  valves,  the  centre 
valve  only  requires  the  use  of  highly  compressed  air  for  t  he 
injection  of  the  fuel,  and  delivers  fuel  for  sufficient  power  for 
the  slowest  speed  desired,  whilst  the  remaining  valve  or  v:il\  ('s 
deliver  the  fuel  against  the  lower  pressure  into  the  flame  of  Hie 
burning  fuel  delivered  by  the  first  valve.  In  ( his  way  tlie 
compressor  capacity  may  be  reduced,  and,  whilst  retaining 
the  Diesel  cycle  for  the  one  valve,  the  main  fuel  is  separately 


cause  of  certain  distinct  phenomena  which  may  be  investi- 
gated. 

The  diagrams,  Figs.  2  to  6,  have  been  prepared  for  an  oil 
engine  and  a  high  pressure  steam  engine  cylinder  to  develop 
at  the  same  revolutions— about  150  per  minute ― 125  b.h.p. 
per  cylinder.  The  indicator  cards  for  the  two  engines  a  re 
sliown  superimposed  in  Fig.  2.  It  is  assumed,  for  the  sake  of 
comparison,  that  the  steam  engine  cylinder  is  double-acting, 
and  that  it  is  the  high-pressure  cylinder  of  a  triple  expansion 
engine.  Taking  an  average  oil  engine  card  with  an  inertia  of 
901bs.  per  square  inch,  as  shown  in  Fig.  3,  and  an  average 
steam  engine  card  with  inertia  as  in  Fig.  4，  the  diagram 
Fig.  5  gives  the  running  load  on  the  main  bearings  at  any 
point  throughout  one  complete  revolution  ;  whereas  with 
the  oil  engine  the  maximum  load  is  seen  to  be  46,5001bs. 
with  the  steam  engine  it  is  only  9,5001bs.  With  the  oil 
engine  the  rate  of  change  of  load  shown  from  A  to  B  is 
9l201bs.  per  decree  (luring  1'」 ， whereas,  with  the  steam  engine 
from  C  to  D，  the  maximum  change  is  901bs.  pei*  degree  during 
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554,  or,  roughly,  one-tenth  that  of  the  oil  engine  throughout 
pi  art  icallv  t he  same  I  r-n-t  ion  of  the  revolution.  With  the 
steam  engine  the  reversal  of  load  is  well  shown.  The  signifi- 
cance of  this  diagram  has  reference  to  crankshafts  and  the 
general  framing  of  the  engine  as  well  as,  of  course,  to  the 
question  of  cylinder  strength,  as  not  only  must  the  actual 
amount  of  the  load  be  considered,  but  also  the  rate  at  whicli 
tliat  load  is  applied,  i.e.,  the  rate  of  change  of  load  which 
represents  what  is  commonly  known  as  shock.  The  reversal  of 
load  with  the  steam  engine  is  of  considerable  importance  when 
considering  the  question  of  main  bearing  lubrication  as  that 
reversal  permits  of  the  inflush  of  the  lubricant.  With  a 
four-stroke  oil  engine,  and  even  high  speed  two-cycle  engines, 
the  conditions  at  suitable  speeds  of  revolution  would  also 
show  a  reversal  due  to  the  inertia  of  the  reciprocating  parts. 

Table  I. — Particulars  of  S/o ir  llunuiinj,  H if///  I' a tnt\ 
、T "，《）-(' i/ch  Diesel  E ny'uies. 


Reference  , 

No. 

B.H.I'. 

Revs,  per 
Min. 

Sua 

.13(1  -8.11.(；0 

SUI  UI  •UI'Bia 

Stroke  in  Ins. 

Ratio  Stroke 

Diam. 

Piston  Speed 
ft./min. 

M.E.P.  on 
B.H.P.  Basis. 

l 

1S00 

100 

6 

23.6 

43'3 

1. 

83 

722 

62.7 

2 

1500 

1311 

20 

36-2 

I. 

SI) 

782 

(17 

3 

800 

115 

4 

20 

1- 

Ml 

695 

(50.5 

4 

1500 

150 

17 

27" 

, 1- 

59 

675 

80-5 

5 

1800 

200 

17-7 

22 

1. 

25 

735 

82.5 

6 

750 

120 

18-125 

1. 

78 

ti45 

74-5 

7 

2300 

130 

6 

17.3 

31-4 

1. 

81 

680 

79 

8 

3400 

125 

6 

22-45 

39-4 

1. 

75 

820 

57-5 

9 

2000 

90 

24.(1.3 

47-3 

1. 

92 

710 

65 

10 

2000 

12：. 

3 

18.9 

25.6 

1. 

35 

534 

73.5 

11 

850 

120 

3 

24" 

510 

65 

12 

750 

200 

6 

14'. ，5 

1. 

6 

800 

62-4 

13 

1(500 

165 

6 

17.7 

21-25 

1. 

2 

585 

61 

14 

1700 

160 

4 

18-75 

27 

1. 

44 

855 

70.5 

15 

1600 

110 

4 

27 

38 

1. 

41 

695 

66 

16 

4000 

1H2 

6 

29.5 

39-4 

1. 

33 

865 

74 

17 

1300 

180 

3 

15.4 

17.7  , 

2 

1. 

15 

532 

72 

18 

2200 

150 

4 

17.3 

20.5  x 

2 

1. 

18 

513 

75 

1!) 

800 

120 

3 

15-75 

15-75 

x2 

1. 

0 

315 

72 

20 

2500 

170 

6 

19.68 

27-56 

]■ 

4 

780 

58 

21 

1000 

140 

4 

21.65 

31.5 

1- 

45 

788 

CI 

22 

1500 

150 

4 

19-08 

27-56 

1. 

4 

690 

59 

23 

500 

4 

16-9 

24 

1 

42 

600 

61.2 

24 

450 

200 

4 

11-8 

16.9 

1 

43 

564 

60.2 

25 

2200 

130 

6 

24-8 

35-4 

1 

42 

540 

65-5 

26 

150 

6 

20 

30 

1 

5 

750 

58-5 

27 

1000 

4 

21-75 

31-5 

1 

45 

790 

56.5 

28 

1500 

4 

20 

30 

1 

5 

750 

52-5 

29 

500 

200 

17.5 

26 

1 

48 

650 

52-7 

30 

450 

11-75 

53 

600 

57 

Heniarks. 


Trial  pcr- 

formanco. 


No.  Com  p.  on 
Main  Eng. 


Double  acting. 
Trial  per- 
formance. 

Double  acting. 


Laiul  Engine. 
Double  piston 
engine. 


A  similar  diagram,  Fig.  6，  has  been  prepared  to  show  the 
forces  on  the  guide  taking  the  same  cylinders  as  previously, 
and,  in  this  case,  the  total  oil  engine  load  is  10，5001bs.  as 
compared  with  3，4001bs.  in  the  case  of  the  steam  engine.  The 
rate  of  increase  affecting  the  rigidity  and  materials  of  the 
framing  is  shown  for  the  oil  engine  by  the  rapidly  rising 
line  A  B,  giving  an  increase  per  degree  of  3041bs,  for  a  total 
of  50°  of  revolution.  With  the  steam  engine,  the  corre- 
sponding figures  are  901bs.  per  degree  acting  throughout  20° 
of  revolution,  as  shown  by  the  line  C  D.  With  the  oil  engine 
it  will  be  seen  that  in  this  case  the  load  is  reversed,  but  with 
the  steam  engine  it  remains  constant.  This  means  that  with 
the  oil  engine  the  shoes  of  the  crosshead  must  be  very  care- 
fully designed,  constructed,  and  adjusted,  so  that  at  the 
reversal  of  load  there  is  no  shake  from  the  one  guide  to  the 
other.  With  steam  engines  this  reversal  may  be  experienced 
at  low  revolutions,  when  inertia  effects  are  negligible.  If 
the  engine  be  not  of  the  crosshead  type,  the  piston  clearances 
must  be  carefully  watched  to  obviate  the  piston  "  slogging  ，' 
from  one  side  of  the  cylinder  to  the  other,  and  the  material 
must  be  such  that  the  wear  is  not  excessive.  In  certain  cases 
with  large  trunk  piston  engines,  provision  has  been  made  for 
taking  up  side  wear  on  the  piston  ；  but,  where  such  is 
necessary,  a  crosshead  should  be  provided  if  at  all  possible. 

The  two  diagrams,  Figs.  5  and  6，  have  particular  reference 
to  the  type  of  framing,  which,  in  the  future,  will  be  regarded 


as  the  standard  for  the  high-power  oil  engine,  as  they  indicate 
not  only  the  large  amount  of  the  piston  load  and  the  rate  at 
which  it  is  applied,  but  also  the  exact  proportion  of  that  load 
which  must  be  taken  up  by  the  framing  through  the  guides 
and  by  the  crankshaft.  A  turning-moment  diagram  for  a  four- 
cylinder,  two-stroke  oil  engine  is  given  in  Fig.  7，  and  this 
shows,  taken  in  conjunction  witli  Fig.  3,  the  method  of  con- 
struction of  this  diagram  for  four  cylinders  and  the  ratio  of 
maximum  to  mean  turning  nioinent  for  all  tlie  cylinders. 
( To  be  continued. ) 


DOUBLE  HELICAL  GEARING. 

In  connection  with  double  helical  gearing  with  staggered 
treth,  made  in  accordance  with  the  design  of  Mr.  Caspar 
Wust  Kunz  (Patent  No.  11,989,  of  1902),  it  liaM  hitherto 
been  impossible  to  use  successfully  pinions  made  from  raw 
hide,  paper,  fibre,  or  other  compressed  and  intrinsically  soft 
material,  whether  laminated  or  otherwise,  owing  to  the  dis- 
plarement  of  such  material  which  took  place  at  the  inner  ends 
of  the  teeth  where  they  had  no  support,  such  displacement 
being  caused  by  axial  pressure.  To  prevent  such  displace- 
ment of  material  Mr.  Henry  H.  Thorne,  Alpha 
Place,    Yiewsley,    Middlesex,    proposes   in    a    recent  patent 

to  build  up  the  gear 
with  a  central  disc  of 
metal  two  outer  discs 
of  metal  and  between 
the  central  and  each 
outer  disc  to  place  the 
compressed  material, 
and  after  the  whole 
has  been  securely  fixed 
together  and  turned  to 
size,  to  cut  both  the 
right-hand  and  the 
left-hand  teeth  in  such 
a  manner  as  to  leave  a 
metal  support  for  the 
inner  ends  of  the  teeth. 
The  metal  disc  is  made 
of  such  width  that  the 
portion  left  at  the 
inner  end  of  each  tooth 
after  cutting  supports 
the  complete  tooth 
profile.  The  mating 
wheel  is  provided  with  a 
groove  in  the  centre  of  sufficient  width  that  the  wheel  teeth 
do  not  come  into  mesh  with  the  central  metal  support  of  the 
pinion  teeth. 

Referring  to  tlie  illustration,  A  is  a  portion  of  the  double 
helical  wheel  with  the  groove  just  referred  to  in  the  middle. 
At  B  a  portion  of  the  pinion  is  shown  in  outside  elevation. 
At  C  a  portion  of  the  pinion  is  shown  in  section,  the  com- 
pressed soft  material  forming  the  bearing  portion  of  the  teeth 
and  the  metal  support  in  the  centre  being  indicated  by  dif- 
ferent sectioning.  The  pinion  is  shown  without  metal  bush, 
but  can  also  be  made  with  metal  bush,  although  this  will  not 
usually  be  necessary  owing  to  the  central  metal  disc  giving 
additional  bearing  surface  to  the  key. 


Dodble  Helical  Gearing. 


Instrument  for  Recording  Pressure  Variations  due  to  Explosions  in 
Tubes. ― At  a  recent  meeting  of  the  Physical  Society  of  London 
Mr.  J.  D.  Morgan  described  a  mechanical  oscillograph  for 
recording  the  pressure  variations  which  accompany  a  gas  or 
other  explosion  in  an  open  tube.  A  light  steel  vane  of  rec- 
tangular form  is  employed,  and  this  is  mounted  parallel  to 
the  explosion  tube  in  a  cell  presenting  a  lateral  opening  to  the 
tube  interior.  Along  three  edges  the  vane  is  free,  and  along 
the  fourth  edge  it  is  attached  to  a  torsion  wire.  The  vane  is 
made  to  fit  the  cell  as  closely  as  possible  around  its  edges 
without  touching  the  sides  of  the  cell.  The  diagram  is  pro- 
duced by  a  stile  on  a  smoked  paper  strip  wrapped  around  a 
clock -driven  drum,  and  on  the  same  strip  is  described  a  time 
curve  by  an  electrically-driven  tuning  fork  of  known  fre- 
quency. To  make  the  instrument  dead-beat  a  dash-pot  is 
mounted  on  the  front  of  the  vaue  cell  and  attached  to  the 
stile. 
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THE  ELECTRIFICATION  OF  SWISS  RAILWAYS. 

In  a  report  lately  suhrtiiiied  to  the  Administrative  Council  ，）l 
the  Swiss  Fe(i(ir;i  1  States  llailway  hy  CMiainiian  Dinkohnaiin 
of  the  railway  management,  and  published  iti  i  he  '、  VAwi  rical 
World,"  the  substitution  of  electric  for  steani  locomotives  on 
the  St.  Grothard  line  is  reconnnended  in  order  to  obtain  Iii^lio r 
speeds  oti  grades,  lower  cost  of  locomotive  niaintenance,  and 
the  elimination  of  smoke  from  the  tuniielH.  This  report 
supplements  and  largely  confirnis  the  report  ("■  the  Swi.^s 
Railway  Study  Commission.  It  is  pointed  out  that  the  lack 
of  native  fuel  and  the  abundance  of  waterfalls  make  the 
electrification  of  Swiss  railways  very  attractive.  Water-power 
concessions  ample  for  electric;  traction  had  already  been 
acquired  as  part  of  the  franchise  grants  of  the  original  St. 
Got  hard  Railway  Company. 

On  account  of  its  heavy  traffic  and  profile  conditions,  the 
Erstt'eld-Bellinzona  section  of  the  St.  Gothard  line  is  well 
suited  for  initial  electrification.  The  cost  will  not  be  exces- 
sive and  tlie  section  is  ample  for  trial  purposes.  Local  traflic 
on  the  Erstfeld-Bellinzona  line  is  so  small  that  the  railway 
management  does  not  recommend  iiio tor-car  service  until  the 
electrification  can  be  extended  to  Lucerne.  Only  locomotives 
can  be  considered,  and  most  of  these  should  be  adapted  for 
hauling  any  kind  of  train.  As  a  general  rule,  passenger 
trains  should  have  one  locomotive,  and  freight  trains  two,  one 
acting  as  pusher.  These  machines  must  be  capable  of  exerting 
the  present  maximum  drawbar  pull  of  22?0001bs.  If  desired 
by  the  connecting  foreign  railways,  the  locomotives  of  a 
through  express  train  should  be  capable  of  exerting  a 
maximum  drawbar  pull  of  27,5001bs.  In  this  event  ten-car 
trains  would  be  possible  in  place  of  eight.  According  to 
estimates,  the  traffic  of  1918  would  be  35  per  cent.,  and  that 
of  1928  70  per  cent.,  greater  than  in  1911.  The  fluctuations 
in  traffic  throughout  the  year  are  very  great.  Thus  in  191 1 
the  daily  minimum  was  1,680,000  tons-kilogram  and  the 
maximum  2,282,000  tons-kilogram. 

Generating-station  sites  have  been  chosen  on  opposite 
watersheds  of  the  St.  Gothard  line,  namely,  Amsteg  station 
on  the  north  and  Ritom  station  on  the  south.  Fortunately, 
the  high-water  conditions  for  the  two  stations  occur  at  different 
seasons.  These  stations  would  suffice  for  a  long  time  for  the 
whole  of  the  Fifth  District,  in  which  the  St.  Gothard  line  is 
situated,  without  building  a  third  station,  which  would  supply 
enough  power  for  many  of  the  eastern,  central,  and  northern 
lines  of  Switzerland. 

The  study  commission  had  recommended  single-phase 
operation  at  from  10,000  volts  to  15,000  volts  with  15  cycles, 
not  because  the  single-phase  system  is  the  best  for  any  one 
condition,  but  because  it  is  the  most  flexible  for  Swiss  railroad 
electrification  as  a  whole.  In  commenting  on  this  decision  Mr. 
Diiikelmann's  report  takes  up  the  three  systems  as  follows  ： ― 
The  direct-current  system  is  the  oldest  and  best  tried,  but 
it  is  universally  agreed  that  high  tensions  are  needed  for 
supplying  energy  to  heavy  trains  from  an  overhead  wire.  The 
necessary  current  could  be  obtained  with  a  1,000-volt  third 
rail,  but  the  management  considered  such  a  proposition 
speculative  and  so  did  not  take  it  into  serious  consideration. 
On  the  other  hand,  a  3,000-volt  direct-current  overhead  line 
would  have  to  be  very  heavy  to  handle  the  loads  on  the  St. 
Gothard  line,  nor  would  it  be  possible  to  use  a  high  direct- 
current  voltage  without  sacrificing  some  of  the  good  weight 
and  speed-regulating  qualities  of  the  direct-current  motor. 
Moreover,  a  high-tension  direct-current  line  would  find  it  very 
difficult  or  practically  impossible  to  use  directly  connected 
storage  batteries. 

The  adoption  of  the  single-j)hase  system,  as  recommeiulcd 
by  the  commission,  has  been  assumed  in  estimating  the  costs 
of  the  system,  because  it  is  now  clear  that  single-phase  motors 
of  the  desired  output  can  be  built,  and  that  the  single-phase 
locomotive  has  all  the  speed  flexibility  required. 

The  3-phase  system  has  certain  advantages  over  single- 
phase.  It  is  characterised  by  the  simplicity  of  its  traction 
motors,  but  this  advantage  is  inseparable  from  very  narrow- 
speed  limitations.  The  3-phase  locomotive  is  superior  for 
certain  conditions,  but  where  there  are  a  great  many  profiles 
the  running  speeds  would  often  be  too  high  or  too  low  for 
economy.  Thus  the  Simplon  locomotives,  1906  model,  are 
limited  to  the  approximate  speeds  of  35  km.  and  70  km.  an 
hour,  while  the  1907  model  lias  four  speeds,  namely,  26,  35， 


52  and  70  km.  an  hour.  No  iiiieruicdiate  speeds  with  full 
tractive  effort  are  posyible.  Not  even  a  light  Simplon  train 
exceeds  70  km.  an  hour,  and  if  one  standard  speed  was  raised 
all  the  others  would  increase  also.  The  continuous  use  in 
3-phase  equipment  of  a  inaximuni  speed  actually  required  f''r 
short  periods  only  would  in  one  case  mean  an  increase  of  one- 
third  in  station  generating  equipment. 

The  rigid  limitations  of  3-phase  erjuiprneni  appear  in 
another  way.  Thus  the  1S06  type  of  the  Simplon  loconioli 
can  be  coupled  to  those  of  (he  VM)1  type  only  for  the  (.ommou 
speed  of  35  km.  and  70  km.  an  hour."  The  Giovi  locomotivr  . 
which  operate  at  45  km.  and  22*5  km.  an  hour,  could  not  be 
worked  economically  with  the  Simplon  machines.  In  general, 
the  3-phase  system  does  not  give  the  desired  flexibility  in 
speed.  Moreover,  lost  time  could  be  made  up  on  down  grades 
only  by  sacrificing  regeneration,  the  very  quality  for  whirh 
3-phase  is  most  highly  praised. 

If  single-phase  is  adopted  for  the  Erstfeld-Bellinzona  line, 
it  would  be  possible  with  little  extra  cost  to  use  one  potential. 
15,000  volts,  in  some  sections,  and  another  potential,  7,500 
volts,  in  tunnels.  However,  the  experiences  with  15,000-volt 
suspension  in  the  Lotschberg  tunnel  will  serve  to  settle  the 
necessity  for  lower  voltages  in  tunnels. 

Respite  the  foregoing  remarks,  the  management  does  not 
definitely  recommend  the  immediate  adoption  of  single-phase, 
as  the  final  decision  concerning  the  type  of  propulsion  equip- 
ment can  be  made  after  the  hydro-electric  development  is 
fairly  well  advanced. 

The  Amsteg  and  Ritom  stations  would  be  fitted  with 
8,000  h.p.,  7,500-8,000  volt  single-phase  generators,  driven 
by  Pelton  wheels,  and  connected  to  the  contact  line  eitli'  r 
directly  or  through  step-up  transformers.  The  transmission 
potential  would  be  60,000  volts.  The  first  feeding-in  points 
would  be  at  the  two  generating  stations  aud  at  the  Biasca  siil, 
station.  Up  to  say  1918  a  7,500-volt  trolley  would  be  used  and 
then  the  electromotive  force  could  be  raised  to  15,000  volts 
with  the  establishment  of  sub-stations  at  Goeschenen,  Lavorgo, 
and  Bellinzona.  The  transmission  system  would  be  in  duplicate 
and  each  line  would  be  proportioned  to  carry  the  power  needed 
by  all  lines  in  the  Fifth  District.  All  substations  would  be 
tied  in  with  each  other  to  minimise  interruptions.  The  con- 
tact line  would  be  of  catenary  type  with  transverse  bridges  on 
open  sections.  In  the  tunnels  the  overhead  structure  would 
be  carried  from  supports  fixed  in  the  arched  roof.  Suitable 
precautions  would  be  taken  to  localise  mechanical  failures. 
The  rails  would  be  bonded  and  depended  upon  for  the  return 
current. 

Generally  speaking,  the  use  of  the  larger  electric  loco- 
motives will  make  it  possible  for  two  such  locomotives  to  do 
the  work  of  three  steam  locomotives.  One  class  of  electric 
locomotives  should  be  designed  for  a  drawbar  pull  of  27,5001bs. 
and  a  maximum  speed  of  90  km.  (56  miles)  per  hour.  This 
type  would  be  u^ed  primarily  for  through  passenger  service 
but  would  also  be  available  for  other  operation.  A  second 
class  of  locomotives  would  be  designed  for  miscellaneous 
service.  Electric  operation  of  the  Erstfeld-Bellinzona  section 
would  require  from  36  to  42,  or  even  more,  locomotives 
according  to  the  increase  in  the  number  of  trains  following 
electrification. 

One  result  of  electrification  would  be  faster  trains. 
Passenger  trains  which  now  traverse  the  tunnel  in  17  minutes 
would  do  so  in  14  minutes,  and  freight  trains  would  cut  down 
their  time  from  30  to  23  minutes.  The  approximate  saving 
is  estimated  at  260,000  francs  a  year  in  comparison  wit  h 
steam.  The  superiority  to  steani  will  increase  with  the  growth 
of  traffic  and  witli  the  extensions  of  lines  much  of  whose  basic 
expenses  is  comprised  in  the  present  electrification.  Moreover, 
locomotive  fuel  is  likely  to  increase  in  cost,  and  the  rising 
wage  rate  will  affect  steam  more  than  electric  operation. 

In  view  of  the  foregoing  statement,  an  appropriation  of 
38,500,000  fraucs  plus  290,000  francs  for  amortisation  of 
scrapped  steam  equipment  was  approved,  to  cover  the  electri- 
fication of  the  Erstfeld-Bellinzona  line. 


The  Institution  of  Civil  Fnginccrs. ―  A  special  meeting  of  this 
Institution  will  be  held  on  Tuesday,  May  otli,  at  9  p.m.,  when 
the  22nd  "  James  Forrest  "  Lecture  on  "  The  Flying  Machine 
from  an  Engineering  Standpoint,"  will  be  delivered  by  Mr. 
Frederick  William  Lanchester,  M.Inst.C.E. 
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APPLICATION  OF  ELECTRICAL  DRIVING  TO  EXISTING 
ROLLING  MILLS  * 

BY  L.  ROTHERA,  B.SC. 

The  question  of  the  application  of  electrical  driving  to  existing 
rolling  mills  is  one  which  is  of  the  greatest  importance  to  a 
country  such  as  this,  where,  to  a  very  large  extent,  steel,  iron, 
and  other  metal  works  have  been  in  existence  for  a  consider- 
able number  of  years,  and  where  the  question  is,  not  the 
best  method  of  putting  up  new  works,  but  the  best  method 
of  making  an  old  works  so  economical  that  it  can  compete 
successfully  with  tliose  in  other  countries,  which  have  only 
within  a  later  period  entered  this  field,  and  have,  conse- 
quently, been  able  to  make  use  of  the  latest  advancements  of 
science.  The  subject  of  this  paper  can  perhaps  best  be  dealt 
with  by  dividing  it  up  into  two  parts :  (I.)  The  conditions 
which  render  the  application  of  the  electrical  drive  desirable  ； 
(II.)  the  method  of  application  of  the  drive. 

Taking  first  the  considerations  which  render  the  application 
desirable,  there  are  a  number  of  conditions,  any  one  of  which 
may  prove  the  deciding  factor  in  the  employment  of  electri- 
city. Perhaps  four  such  coiipiderations  are  the  most  impor- 
tant, viz.  :  (1)  Economy  of  run- 
ning ； (2)  improved  drive  ；  (3) 
considerations  of  space  ；  (4 ) 
greater  use  of  existing  plant. 
Whilst  it  is  quite  possible  that 
any  one  of  the  above  considera- 
tions may  in  itself  prove  sufficient 
to  warrant  a  change-over  from  a 
steam  to  an  electrical  drive,  yet  it 
is  more  often  a  combination  of 
the  four,  together  with  other  con- 
siderations not  mentioned,  which 
make  the  employment  of  an  elec- 
trical drive  the  only  one  to  be 
considered  when  a  change  is 
necessary. 

( 1 )  h\'f)//o/n //  of  ]\  it ii  n  ukj . —— 
Dealing  first  with  the  economy  of 
running,  that  is,  cost  of  power 
per  ton  rolled,  it  is,  of  course,  not 
possible  to  make  any  general 
statement  to  the  effect  that  in 
every  case  the  electrical  drive  will 
prove  more  economical  than  the 
steam  drive,  as  this  depends  en- 
tirely on  local  conditions,  which 
differ  to  such  an  extent  that  it  is 
only  possible  in  a  paper  such  as 
this  to  indicate  a  few  of  the  more 
important  ones.  Instancing  some  of  these :  The  first  main 
factor  is  the  cost  of  electrical  energy.  This  cost  may  vary 
within  extremely  wide  limits,  in  some  cases  being  as  low  as 
0.1  of  a  penny  per  Board  of  Trade  unit,  and  in  other  cases 
rising  up  to  0*7  of  a  penny,  or  even  more.  The  figure  first 
mentioned,,  viz.,  O'l  of  a  penny  per  unit,  has  been,  and  is 
being,  obtained  under  certain  conditions,  which  represent  the 
most  economical  method  at  present  known  of  using  available 
facilities.  The  method  referred  to  is  the  employment  of 
blastfurnace  gas,  coke-oven  gas,  or  a  mixture  of  the  two,  to 
drive  gas  engines  for  generating  electric  power,  and  using  the 
power  thus  obtained  for  driving  the  steel  works  plant  by 
electric  motors.  When  it  is  realised  that  between  two  or 
three  times  the  power  is  available  for  the  gas  so  employed  to 
that  obtainable  if  the  gas  is  burnt  under  boilers  for  the  pur- 
pose of  raising  steam,  the  economy  of  this  method  is  self- 
evident. 

The  cost  for  power  between  this  and  the  upper  limit  will 
vary  very  widely  in  accordance  with  the  method  of  generating 
power,  and  in  steel  and  iron  works  particularly  the  question 
must  often  be  considered  as  to  whether  a  central  station  in 
the  works  themselves,  driven  either  by  gas,  live  steam  raised  by 

*  Abstract  of  paper  read  before  the  Institution  of  Mechanical  Engineers.  April 
24th,  1914. 


hand-firing,  steam  raised  from  waste  heat,  or  exhaust  steam, 
is  not  the  most  economical  method  of  obtaining  the  necessary 
electric  power.  The  charges  made  by  supply  companies  vary, 
naturally,  within  wide  limits,  depending  largely  on  the  size 
of  the  station,  cost  of  coal,  &c -，  and  also  on  the  nature  of  tlie 
demand  for  power,  that  is,  whether  night  or  day  load,  and 
whether  continuous  or  not,  and  also  on  the  quantity  of  power 
required  per  annum. 

The  lowest  figure  for  power  in  a  steel  works  which  has  come 
to  the  author's  knowledge  is  about  0*33  of  a  penny  per  unit, 
"ml  the  highest  is  in  the  neighbourhood  of  one  penny  per 
unit.  It  is,  of  course,  manifest  that,  with  the  lower  cost  there 
is  little,  if  any,  advantage  in  putting  down  a  central  station 
in  the  works  themselves  to  be  driven  by  steam,  unless  the 
necessary  steam  is  available  from  waste  heat  boilers,  as,  even 
under  modern  conditions  of  steam-turbine  drive  and  large 
central  station  capacity,  say,  of  1,000  kw.  upwards,  it  is  not 
possible  to  generate  at  a  much  lower  figure  than  0*3  of  a 
penny  per  unit,  this  figure  covering  all  charges,  including 
interest  and  depreciation,  wages,  oil,  stores,  &c"  and  no  mill 
manager  will  want  to  be  troubled  witli  his  own  station  when 
he  can  purchase  power  at  practically  the  same  cost  from  an 
outside  source. 


Fig.  1.— Power  Demand  of 


minutes 
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Motor. 


When  waste  heat  is  available  for  raising  steam,  or  exhaust 
steam  can  be  employed,  the  conditions  are  quite  altered,  as 
when  the  coal  cost,  which  represents  usually  over  one-half  of 
the  total  cost  of  power  generation,  can  be  ignored,  the  cost 
of  generation  is  so  low  that  any  works  would  be  well  advised 
to  install  their  own  generating  plant.  The  cost  of  driving 
by  steam  varies  fairly  considerably  in  different  parts  of  the 
country,  depending  on  the  cost  of  coal  available,  cost  of 
water,  labour,  and  other  charges,  but  the  fact  that  motors 
have  been  put  down,  even  in  cases  where  power  has  to  be 
purchased  at  the  highest  price  mentioned  above,  goes  far  to 
prove  that  either  the  cost  of  driving  by  steam  is  equal  to,  or 
greater  than,  the  cost  of  driving  by  electricity,  or  that  some 
of  the  conditions  mentioned  later  have  proved  so  weighty  that 
the  electrical  drive  has  been  judged  the  most  satisfactory  one 
to  employ. 

The  second  factor  on  which  the  economy  largely  depends 
is  the  lay-out  of  the  works.  Let  us  consider  the  case  of  a 
works  which  originally  started  in  a  fairly  small  way,  but 
which  has  extended  very  largely,  and  in  which  the  boiler 
plant  has  remained  centralised.  The  natural  effect  of  this 
would  be  a  very  large  number  of  long  steam-pipe  lines,  all  of 
them  acting  the  part  of  condensers,  and  probably  a  number 
of   them  leaking  very  considerably,  this   condensation  and 
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leakage  taking  place  continuously,  whether  the  engines,  wliicli 
ilic  pipe  lines  supply,  are  working  or  not  -  Tl"'s,'  condil  ions 
will,  to  a  large  extent,  hold  even  in  t  he  case  of  a  works  where 
there  are  several  boiler  stations,  and  tlie  (|uantity  of  coal 
used  per  year  in  making  u|>  for  pijx1  line  losses  and  wasia^o 
is  a  very  heavy  factor  in  the  year's  coal  bill. 

As  against  tliis  wasteful  condition  must  he  taken  tlie 
economical  met  hod  of  electric  power  f  ransniiss "川， wliicli  is 
carried  out  by  small  cables  which  can  be  put  up  anywhere 
quite  out  of  the  way,  and  in  wliicli  no  loss  takes  place  wlien 
the  machines,  to  wliicli  they  convey  power,  jicc  not  nniniiii^, 
and  in  wliicli  only  a  small  fraction  of  loss  takes  place  when 
tlip  niat'liiiies  are  running.  I  n  an  old  works,  m()»'('()v('r,  t  liriv 
will  be  a  large  number  of  auxiliary  macliiiies  driving  shears, 
saws,  punching  machines,  &c"  which  ； ire  working  under  most 
unecuiiomical  conditions,  being  nearly  in  every  case  noil  ('(m 
densing,  and  often  almost  iiulistiii^uishat)le  when  working, 
due  to  the  steam  leakage  taking  place  round  them.  Con- 
trasting the  case  of  a  small  inotoi-  drive,  where  the  efficiency 
is  practically  88  per  cent.,  and  where  power  is  being  generated 
under  the  most  ecoiiomi ('； d  conditions,  the  gain  in  economy 
is  enormous,  and  it  is  now  an  acknowledged  fact  tliat  under 
anything  like  reasonable  conditions  of  electrical  power  cost 
the  auxiliary  ])Iaiit  in  a  mill  is  much  Itettei-  driven  by  means 
of  electric  motors. 

A  third  factor  is  the  class  of  work  done.  As  is  well  known, 
the  steam  engine,  whilst  efficient  on  steady  continuous  load, 
becomes  very  inefficient  on  a  widely  fluctuating  load.  This  is 
a  condition  which  is  not  nearly  so  pronounced  in  the  case  of 
an  electric  motor  drive,  clue  to  the  fact  that  the  efficiency 
over  a  very  wide  range,  say,  from  half  load  up  to  100  per 
(uit.  overload,  varies  only  to  the  extent  of  2  or  3  per  cent,, 
whilst  the  steam  consumption  of  an  engine  may  vary  as  much 
as  7  to  9  per  cent.  When  there  is  a  considerable  length  of 
piping  in  conjunction  with  the  engine  the  inefficiency  in  the 
latter  case  is  more  pronounced,  as  continual  radiation  lasses 
are  taking  place  from  the  pipe  line  whether  the  engine  is 
working  or  standing  still.  The  amount  of  steam  consumed 
per  useful  horse-power  will  be  very  materially  increased 
through  this  source  of  loss.  It  may  thus  be  generally  stated 
that  the  greater  the  fluctuations  in  the  load,  the  more  advan- 
tageous the  electrical  drive  appears.  As  the  load  on  a  rolling 
mill  is,  in  most  cases,  a  very  variable  one,  varying  possibly 
from  practically  no  load  to  nearly  100  per  cent,  overload,  the 
economy  of  the  efficient  electrical  drive  is  apparent. 

As  an  instance  of  this,  let  us  take  the  case  of  a  sheet  mill 
where  the  average  power  demand,  as  is  shown  very  clearly 
from  Fig.  1，  represents  approximately  one-third  of  the 
normal  power  of  the  motor,  whilst  the  peak  load  represents 
practically  50  per  cent,  overload  on  the  motor.  This  curve  is 
an  experimental  one,  taken  on  a  mill  driven  by  a  600  h.p. 
motor  when  working  under  normal  working  conditions. 
Assuming  the  maximum  overload  which  the  engine  would 
take  to  be  25  per  cent.,  the  normal  horse-power  of  the  engine 
would  have  to  be  chosen  at  720  h.p.  to  deal  with  the  peak 
loads,  so  that  one-third  load  on  the  motor,  viz.,  200  h. p. ，  would 
represent  only  about  28  per  cent,  of  the  normal  engine  power. 
The  efficiency  of  the  motor  at  third  load  would  be  approxi- 
mately 4  per  cent,  less  than  at  full  load,  whilst  the  steam  con- 
sumption of  the  engine  would  be  increased  at  least  12  per 
cent.,  not  taking  into  account  the  losses  in  the  pipe  line,  wliicli 
are  considerable,  due  to  the  fact  that  the  steam  piping  has 
to  be  designed  of  sufficient  capacity  to  take  the  full  rush  of 
steam  to  nieet  the  overload  condition  on  the  engine. 

Under  the  question  of  economy  must  also  be  taken  the 
cost  of  supervision  of  the  running  plant.  In  a  large  works 
where  there  are  a  number  of  engines,  the  running  and  oiling 
of  the  same  becomes  the  task  of  a  considerable  munher  of 
men.  This  number  can  be  very  materially  reduced  where 
motor  drives  are  employed,  owing  to  the  fact  that,  if  properly 
designed,  the  motors  will  run  for  long  periods  without  anv 
attention  whatever,  and  inspection  once  a  day  is  all  that  is 
necessary.  ( )ne  electrician,  to  start  up  tlie  plant  in  the 
morning,  and  to  pay  a  periodical  visit  to  the  motors  through- 
out the  day,  can  deal  with  almost  any  number  of  machines. 
Contrast  this  with  the  necessity  of  one  driver  for  each  large 


engine,  and  a  nu niber  of  greasers  for  the  small  engines,  and 
the  saving  to  be  efTected  per  annum  is  very  considerable. 

(2)  /〃//)〃'/  ',/  Drirt .  With  regard  to  tlie  question  of 
improved  drive,  it  is  an  undisputed  fact  that  a  steady  uniform 
turning  moment  produces  a  better  class  of  rolled  material 
than  is  t lie  case  with  a  pulsating  drive.  Even  under  the  best 
conditions  of  engine  practice  a  considerable  variation  iti  the 
turning  moment  is  bound  to  occur,  and  in  this  respect  the 
electric  motor  with  its  uniform  constant  torque  is  far  superior. 
Another  feature  very  noticeable  with  tlie  motor  drive  is  the 
faster  working  consequent  on  the  fact  that,  witli  the  even 
turning  moment,  there  is  not  the  same  tendency  for  tlie  rolls 
to  fail  to  grip  the  metal.  Also,  due  to  the  overload  capacity 
of  the  motor  being  in  excess  of  that  of  an  engine,  the  drop  in 
speed  whilst  the  metal  is  passing  through  the  rolls  is  much  less 
with  the  electric  drive  than  with  the  steam  drive,  and  in 
fact  the  amount  of  the  drop  can  be  regulated  at  will  in  tlie 
former  case  ；  this  results  in  a  higher  average  speed  of  rolling 
and  consequent  increased  output  from  the  mill. 

Again,  in  rolling-mill  work,  one  of  the  essentials  of  the 
drive  is  that  of  a  good  overload  capacity.  The  modern  elec- 
tric motor  will  take  a  momentary  peak  load  up  to  100  per  cent, 
in  excess  of  its  normal  load  without  any  risk  of  injury,  and 
is  thus  enabled  to  pull  a  piece  of  metal  through  the  rolls  when 
an  engine  of  the  same  normal  power  would  fail  to  do  so,  with 
consequent  delay  and  loss  on  the  mill.  The  effect  of  this 
property  of  the  electric  motor  is  tliat,  when  making  a  com- 
parison between  the  cost  of  an  electrical,  as  compared  with  a 
steam  drive,  it  is  not  fair  to  fa  he  info  area  if  nf  the  、m"f'  -^ize 


Fig.  2. 

Rfxative  Floor  Space  Taken  up  by  a  60  h.p.  Engine  and  an  80 】 


p.  Motor. 


of  the  steam  engine  and  of  motor.  A  larger  normal  horse- 
power of  the  steam  engine  would  be  necessary  to  give  the 
same  maximum  turning  moment  conditions  which  the  motor 
would  give.  The  effect  of  this  increase  in  the  size  of  the 
engine  is  to  raise  the  normal  horse-power  as  compared  with 
the  average  horse-power  required,  with  resulting  worse  st^am 
consumptions,  as  is  clearly  shown  above.  In  addition,  larger 
steam  piping  would  be  necessary  to  enable  tlie  full  overload 
to  be  carried,  which  again  would  prove  an  increased  source 
of  loss. 

Another  point  in  favour  of  the  electrical  drive  is  the  ease 
of  starting  and  stopping  the  plant,  so  that  in  many  cases  it 
is  found  practicable  wlien  the  mill'  is  idle  for  short  periods  to 
shut  the  motor  down,  whereas  it  would  not  be  considered  in 
the  case  of  a  steam  engine  on  account  of  the  labour  involved. 
A  further  feature,  which  is  also  in  favour  of  the  electrical 
drive,  and  the  importance  of  which  is  perhaps  only  appre- 
ciated by  those  who  are  acquainted  with  the  electrical  drive, 
is  the  ease  of  determining  for  every  pass  tlie  power  being 
demanded  to  roll.  Electrical  instruments  will  show,  with 
great  exactitude,  the  demand  for  power  at  any  moment,  and 
it  is  possible  by  perhaps  somewhat  varying  the  draughting  of 
the  rolls,  in  accordance  with  these  readings,  to  materially 
reduce  the  energy  consumption  per  ton  rolled.  Such  readings 
it  is  not  possible  to  take  in  the  case  of  a  steam-engine  drive 
without  a  great  deal  of  trouble,  witli  the  result  that  serious 
losses  may  remain  undetected.  There  is,  moreover,  the  advan- 
tage that  any  increase  in  the  power  taken  to  drive  the 
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light  can  be  immediately  detected  with  the  electrical  drive, 
and  measures  taken  to  remedy  the  defect  producing  such  an 
increase. 

(3)  Con i^kl e ra t i o n n  of  Space, ― This  condition  is,  of  course, 
of  particular  weight  in  the  case  of  works  situated  in  the  centre 
of  the  town  where  it  may  be  desired  either  to  put  down  new 
mills,  or  to  modify  existing  mills,  to  allow  of  larger  operations 
being  carried  out.  This  condition  is  of  such  importance  that, 
in  many  cases,  it  has  been  able  to  overcome  the  drawback  of 
a  heavy  charge  for  power.  When  the  size  of  a  motor  of  mode- 
rate speed  is  taken  and  compared  with  the  size  of  engine  of 
the  same  power,  this  advantage  is  very  clearly  seen.  Fig.  2 
shows  tlie  floor  space  taken  up  by  an  engine  wliich  gives  a 
maximum  horse-power  of  60，  and  superimposed  to  the  same 
scale  is  shown  the  80  h.p.  motor,  which  is  replacing  the 
engine. 

(4)  Increased  Power. ― A  case  very  often  arises  where  a 
mill  manager  is  anxious  to  enlarge  the  power  of  his  driving 
engines,  and  the  question  then  arises  as  to  how  this  is  to  be 
done.  In  a  great  many  cases  the  amount  of  steam  available 
would  not  be  sufficient  to  allow  of  the  installation  of  larger 
engines  without  expensive  alterations  to  boiler  plant,  and  it 
is  in  such  a  case  that  the  installation  of  electrical  plant  can 
show  very  favourably.  Given  below  is  an  example  based  on 
actual  figures  illustrating  this  point.  The  case  is  one  of  an 
ironworks  where  a  proportion  of  the  steam  used  is  raised  from 
waste  heat  boilers  over  puddling  furnaces,  and  the  remainder 
of  the  steam  required  is  raised  by  hand- firing.  The  question 
may  arise  as  to  how :  (1)  The  hand-firing  can  be  dispensed 
with,  and  (2)  an  increased  power  obtained. 

Assume  that  the  works  has  four  rolling  mills,  consisting  of 
a  forge  train,  two  merchant  mills,  and  a  sheet  mill,  the  mills 
being  driven  by  two  engines,  one  driving  the  forge  and  one 
merchant  mill,  the  other  driving  the  sheet  mill  and  the  other 
merchant  mill.  Let  us  take  an  output  of  30  tons  of  puddled 
bars  from  the  forge  train,  18  tons  of  flats,  rounds,  &c.，  per 
turn  from  the  merchant  mill  attached  to  this  engine,  eight 
tons  per  turn  from  the  sheet  mill,  and  12  tons  of  rounds  from 
this  merchant  mill.  In  order  to  obtain  the  above  output,  a 
total  quantity  of  coal  of  approximately  1,980  tons  per  month 
would  be  used  in  the  furnaces,  and  in  addition  approximately 
270  tons  of  coal  under  hand-fired  boilers.  Taking  steam 
evaporation  from  tlie  furnaces  at  three  times  the  weight  of 
coal  consumed,  the  steam  raised  from  the  furnaces 
would  be  13，300，0001bs.  per  month,  and  from  the 
steam  under  the  boilers,  assuming  seven  times  evaporation, 
4，240，0001bs"  that  is,  the  total  quantity  of  steam  per  hour 
would  be  30，0001bs.  The  whole  of  this  steam  is  at  present 
being  employed  in  driving  the  above  two  engines,  steam 
hammers,  and  a  few  small  auxiliary  engines. 

Suppose  it  was  proposed  to  replace  the  engines  by  an  elec- 
trical drive,  the  problem  is  to  find  out  whether  any  economy 
would  result.  Under  the  above  conditions  of  output  it  can 
be  taken  that  the  total  number  of  units  to  roll  the  tonnage 
mentioned  would  be  approximately  400  kw.  per  hour.  In 
order  to  deal  with  this,  and  also  the  auxiliary  plant,  which 
would  perhaps  take  70  kw.,  a  500-kw.  turbine  would  be  in- 
stalled. The  steam  pressure  raised  in  boilers  above  puddling 
furnaces  is  usually  very  low,  about  401bs.  per  square  inch, 
and  under  these  conditions  a  steam  consumption  of  approxi- 
mately 20' libs,  per  kilowatt-hour  would  be  necessary,  that 
is,  the  total  quantity  of  steam  required  would  be  10,5001bs. 
per  hour.  The  amount  of  steam  produced  from  the  waste  heat 
boilers  alone  is  23，0001bs.，  and  taking  the  steam  required  for 
the  hammers  at  4,0001bs.  per  hour,  there  is  left  available  no 
less  than  sufficient  steam  to  raise  a  further  400  kw.,  and  at  the 
same  time  give  a  saving  in  hand-firing  of  270  tons  of  coal  per 
month. 

The  above  figures,  which  speak  for  themselves,  and  wliich 
are  in  no  way  exaggerated,  show  conclusively  how  under  such 
conditions  by  the  installation  of  electrical  plant  an  extremely 
large  saving  per  annum  can  be  made,  and  at  the  same  time 
a  very  largely  increased  power  rendered  available  from  steam 
already  existing.  An  actual  instance  of  this  is  the  case  of 
an  ironworks  where  three  of  the  main  engines  and  all  the 
auxiliaries  were  replaced  by  motors  of  very  considerably 
increased  power,  and  a  central  station  was  put   down  for 


supplying  them.  Since  the  electrification  no  fewer  than  eight 
hand-fired  boilers  have  been  permanently  knocked  off. 

Another  interesting  case  to  consider  is  that  of  a  reversing 
mill  plant  in  which  the  roughing  and  finishing  mills  are  driven 
from  the  same  engine.  Suppose  it  is  desired  to  increase  the 
output  of  the  mill,  a  method  of  doing  so  is  to  divide  the  mill 
up,  driving  the  finishing  mill  and  roughing  mill  separately. 
Assuming  that  the  question  of  capital  cost  renders  the  com- 
plete electrification  of  the  mill  impossible,  then  the  existing 
engine  can  be  retained  for  driving  the  finishing  mill,  and 
under  the  usual  conditions  of  merchant  mill  work,  the  exhaust 
steam  from  tlie  reversing  mill  engine  will  be  sufficient  to 
generate  enough  power  to  drive  the  roughing  mill  electrically. 
Whilst  by  doing  this  the  output  of  the  mill  may  be  practi- 
cally doubled,  yet  the  drive  will  not  be  so  economical  as  it 
would  be  if  the  whole  plant  was  driven  electrically,  due  to 
the  better  steam  consumption  of  a  turbine  driving  a  gene- 
rating set  as  compared  with  that  of  a  reversing  steam  engine 
working  under  rolling-mill  conditions,  this  better  economy 
more  than  counter-balancing  the  losses  due  to  the  conversion 
into  electrical  energy. 

The  above  conditions  are,  perhaps,  particularly  favourable 
for  the  installation  of  electrical  drive,  but  there  are  a  very 
large  number  of  considerations  which  come  into  question, 
which  must  be  very  carefully  weighed  before  deciding  that 
the  electrical  drive  will  not  pay,  even  if  the  actual  cost  of 
electricity  consumed  per  ton  rolled  is  in  excess  of  the  corre- 
sponding steam  cost;  for  instance,  the  cost  of  maintenance  on 
an  electric  motor  is  very  much  less  than  that  of  a  steam 
engine.  The  cost  of  supervision  is  also  very  much  less.  The 
reduction  in  the  oil  consumed  per  annum  is  another  item 
which  must  not  be  lost  sight  of,  and  in  one  particular  case 
where  electrical  plant  replaced  steam  drives,  the  reduction  in 
the  oil  consumed  was  80  per  cent.  When,  in  addition  to  the 
above  advantages,  the  absence  of  steam  pipes  with  their  cost 
of  upkeep,  and  the  cleanliness  of  the  electric  drive,  are 
remembered,  there  are  many  cases  where  these  advantages 
alone  outweigh,  perhaps,  a  slightly  increased  capital  cost,  or 
a  power  consumption  cost,  which  would  appear  to  be  more 
than  that  of  a  steam  engine,  when  taking  into  consideration 
alone  the  steam  consumption  of  the  engine. 

A  point  which  should  always  be  borne  in  mind  is,  that 
although  an  engine  may  be  designed  to  be  very  economical 
indeed  on  full  load,  yet  the  conditions  of  a  rolling  mill  are 
such  that  these  conditions  are  practically  never  obtained,  and 
the  only  fair  metliod  of  comparing  the  electrical  with  the 
steam  drive  is  to  take,  in  the  latter  case,  the  cost  of  coal  -per 
annum y  and  not  tlie  steam  consumption  of  the  engine,  and 
contrast  this  with  the  power  cost  of  the  motor. 

The  subject  is  so  wide  that  the  above  instances  can  be 
multiplied  indefinitely,  but  perhaps  sufficient  has  been  said 
to  show  that,  in  a  vast  number  of  cases  when  everything  is 
taken  into  consideration,  the  electrical  drive  can  more  than 
hold  its  own  in  economy,  certainty,  and  adaptability,  and 
when  it  is  considered  that  in  the  last  five  or  six  years  more 
than  200  mills  have  been  driven  electrically  in  this  country, 
such  drives  covering  every  type  of  mill  in  use,  the  future 
appears  to  hold  out  the  prospect  of  the  electrical  drive  dis- 
placing every  other. 

Before  passing  on  to  the  method  of  applying  the  drive, 
it  would  perhaps  be  well  to  make  a  few  remarks  with  regard 
to  the  advisability  of  using  continuous  current  or  3-phase 
current  as  tlie  source  of  power.  This  is  a  question  which  is 
fairly  often  settled  by  the  conditions  of  supply  prevailing  in 
the  district,  but,  if  it  is  a  question  of  generating  power  in 
the  works  themselves,  very  careful  consideration  must  be 
given  on  account  of  a  number  of  reasons.  When  looking  into 
this  question  the  following  factors  must  be  considered  :  (1) 
The  most  suitable  type  and  cost  of  the  central  station  plant  : 
(2)  the  cost  of  transmitting  the  power  to  tlie  various  points 
where  it  is  required  ；  (3)  the  most  suitable  types  of  motors 
for  the  main  drives,  the  most  suitable  types  of  motors  for 
the  auxiliary  drives. 

In  the  case  of  a  works  lying  closely  around  the  central 
station,  the  capital  cost  involved  by  installing  a  3-phase  plant 
or  a  continuous-current  plant  would  be  approximately  the 
same,  but  should  there  be  long  distances  to  which  consider- 
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able  amounts  of  power  have  to  be  transmitted,  then  the  r、ti  ,i 
cost  of  cable  involved  in  the  transmission  of  direct  currt-nt 
power  will  be  very  much  in  excess  of  thc-it  of  a  high-tension 
3-phase  scheme,  since  in  the  former  case  a  voltage  higher  t lian 
550  volts  cannot  be  considered.  The  cost  of  the  cables  is  thus 
very  frequently  the  deciding  factor  as  to  whether  3-phase  or 
continuous  current  shall  be  employed  throughout  the  works. 
As  against  this  cost  must  be  set  the,  perhaps,  more  satisfac- 
tory working  of  con  tin  uous-current  machines  for  driving 
auxiliaries,  such  as  live  rolls,  saws,  or  shears,  but  it  must  Ijo 
pointed  out  that  there  are  very  many  works  (Mjiiip|)(Ml  to-day 
with  3- phase  motors  for  these  purposes  wliich  are  giving  every 
s;j(  isfaction. 

In  the  case  of  the  main  mill  drives,  the  chief  question  in 
deciding  the  type  of  motor  is,  as  to  whether  a  variable  speed 
is  required  or  not.  If  a  variable  speed  is  required,  as  in  i.lie 
case  of  merchant  mills,  then  a  continuous-current  motor, 
which  can  have  its  speed  varied  by  means  of  shunt  regulation 
of  tlie  field,  is  the  simplest  and  best  proposition  for  the  pur- 
pose. If  a  constant  speed  only  is  required,  as  in  the  case  of 
a  sheet  mill,  the  disadvantages  of  the  3-phase  motor  are  not 
so  great,  although,  even  in  such  cases,  it  is  very  often  a  ques- 
tion as  to  whether  the  saving  in  efficiency  by  putting  in  the 
continuous-current  motor  does  not  outweigh  the  greater  cheap- 
ness of  the  3-phase  motor.  This  saving  in  efficiency  is  due 
to  a  number  of  causes,  which  it  is  perhaps  of  interest  to  enter 
into. 

Take  the  case  of  a  large  sheet  mill  which  requires  a  motor 
of,  say,  1,000  h. p.  or  1,500  h.p.,  and  a  speed  on  the  mill  of 
30  to  32  revs,  per  minute.  With  a  mill  of  this  sort  a  heavy 
flywheel  of  100  to  150  tons  would  be  necessary,  running  at 
the  mill  speed ,  in  order  to  equalise  the  very  heavy  peak  loads 
attendant  on  this  class  of  work,  and  a  fall  in  speed  of  at  least 
10  per  cent,  from  no  load  to  full  load  would  be  necessary,  so 
that  proper  use  can  be  made  of  the  stored  energy. 

Take  now  the  case  of  a  3- phase  motor,  it  is  almost  impos- 
sible to  build  such  a  machine  running  at  a  speed  of  32  revs, 
per  minute,  on  account  of  the  very  large  number  of  poles 
which  would  necessarily  be  entailed,  and  even  if  such  a 
machine  were  built,  the  power  factor  would  be  so  bad  that 
very  few  power  companies  would  permit  it  to  be  connected 
to  their  mains.  It  would  thus  be  necessary  to  put  in  a  higher 
speed  motor  with  some  form  of  reduction  transmission 
between  the  motor  and  the  mill. 

In  the  case  of  a  continuous-current  motor,  there  is  no 
difficulty  attached  to  the  building  of  a  machine  to  run  at 
this  speed,  so  that  in  this  case  there  is ― firstly,  a  saving  in 
the  transmission  losses,  and,  secondly,  a  saving  in  slip  resis- 
tance losses.  These  latter  losses  occur  in  the  case  of  the 
3-phase  motor  due  to  the  fact  that  the  only  method  of  reduc- 
ing the  speed  of  a  plain  induction  motor  is  by  inserting 
resistances  in  the  rotor  circuit,  and  the  loss  in  these  resistances 
is  proportional  to  the  fall  in  speed.  To  reduce  the  speed 
10  per  cent,  on  full-load,  as  is  necessary  to  utilise  beneficially 
the  flywheel  energy,  a  loss  of  10  per  cent,  would  occur  in  the 
resistances.  On  some  tests  which  were  taken  on  a  sheet  mill 
it  was  found  that  the  average  loss  due  to  the  slip  resistance 
looses  represented  between  13  and  15  per  cent,  of  the  total 
energy  consumed,  and  when  to  this  loss  is  added  the  trans- 
mission loss,  which  may  equal  another  5  or  10  per  cent.,  the 
advisability  of  installing  a  direc1>coupled  continuous-current 
motor  to  such  a  mill  must  be  very  carefully  weighed. 

This  question  of  providing  a  variable  speed  on  the  drive 
is  one  which  has  led  to  the  evolution  of  a  large  number  of 
alternative  methods  of  enabling  a  3-phase  motor  to  work  at 
a  variable  speed  without  the  serious  loss  in  efficiency  whicli 
occurs  in  tlte  case  of  an  ordinary  3-phase  induction  motor, 
which,  as  mentioned  above,  can  only  have  its  speed  varitMl  l»v 
the  insertion  of  resistances  into  tlie  rotor  circuit,  which 
method  involves  a  loss  of  power  proportional  to  the  fall  in 
speed,  that  is,  taking  the  case  of  a  motor  nuuiing  with  a  nor- 
mal speed  of,  say,  300  revs,  per  minute,  there  will  be  a  loss 
in  power  and  efficiency  of  50  per  cent,  if  the  speed  is  reduced 
to  150  revs,  per  minute.  The  lnethod  employed  lias  usually 
been  the  addition  of  an  auxiliary  piece  of  apparatus  which 
modifies  the  existing  3-phase  motor  and  causes  it  to  act  more 
on  the  lines  of  a  continuous-current  slnuit  wound  motor. 


The  first  method  that  may  be  mentioned  is  the  addition 
of  a  frequency  changer  as  it  is  called,  which  consistfi  of  a  small 
niacliine  driven  either  mechanically  from  the  main  motor,  or 
electrically  through  a  separate  small  motor.  This  small 
machine  is  supplied  with  power  from  the  slip  rings  of  the 
3-phase  motor  and  transforms  this  power  into  the  correct 
pressure  and  frequency  to  enable  it  to  be  returned  to  tl"' 
line.  By  this  means,  when  tlie  speed  of  the  indiiclioit  motor 
is  reduced,  the  power,  which  normally  would  be  lost  in  nlip 
resistances,  is  returned  to  the  line,  thus  "mkm"'  ； i  ^rt-ai 
saving  in  efficiency. 

A  second  method  is  to  have  a  .'J-phase  motor  and  a  sni.ill 
auxiliary  continuous-current  motor  coupled  together,  and  an 
electrical  connection  between  tlie  rotor  of  the  3-phase  motor 
and  the  commutator  of  the  continuous-current  motor  taking 
place  by  means  of  a  separate  small  rotary  converter.  In  this 
case  the  power,  which  would  normally  be  wasted  in  slip 
resistances,  is  transmitted  through  the  rotary  converter  to  the 
auxiliary  continuous-current  motor,  which  thus  adds  its  power 
to  the  power  of  the  main  3-phase  motor. 

A  third  method  combines  the  rotary  converter,  and  tlie 
auxiliary  continuous-current  motor,  mentioned  above,  into 
3-phase  commutator  motor,  thus  two  machines  only  are  em- 
ployed instead  of  three. 

Any  one  of  the  above  methods  enables  a  speed  regulation 
to  be  obtained  in  practically  as  simple  a  manner  as  it  is 
obtained  in  the  case  of  an  ordinary  shunt-wound  continuous- 
current  machine,  and  the  efficiency  throughout  the  range  of 
speed  remains  very  high. 

An  alternative  method  of  getting  over  the  difficulty  of 
the  fixed  speed  attendant  on  the  employment  of  3-phase  power 
is  to  provide  step-pulleys  on  the  motor,  and  to  drive  through 
ropes  on  to  the  mill.  By  this  means  a  maximum  of  three  or 
four  speeds  at  most  can  be  given  efficiently,  and  any  interme- 
diate value  has  to  be  obtained  by  the  insertion  of  rotor  resis- 
tances, which,  as  explained  above,  is  a  wasteful  method.  The 
method  of  changing  over  from  one  speed  to  another  is  also 
cumbersome,  due  to  the  fact  that  the  motor  has  to  be  capable 
of  movement  both  axially  and  in  a  direction  at  right  angles 
thereto,  in  order  to  allow  the  same  set  of  ropes  to  be  used. 
In  order  to  expedite  this  change-over,  there  have  been  cases 
where  small  motors  have  been  put  down  for  moving  the  beds. 
This  type  of  drive,  although  somewhat  cheaper  than  the 
systems  mentioned  above,  has  a  further  disadvantage  in  that 
it  is  not  possible  to  obtain  any  desired  speed  between  the 
upper  and  the  lower  limit,  and  experience  has  shown  that 
in  merchant  mill  work  the  difference  of  a  few  revolutions 
in  the  speed  of  the  mill  is  of  very  great  importance  indeed 
for  satisfactory  working,  and  that  it  is  wcrth  while  incurring 
a  somewhat  extra  capital  cost  to  enable  this  condition  to  be 
obtained. 

With  regard  to  the  method  of  application  of  the  drive, 
there  are  four  alternatives  which  have  to  be  considered  :  (1) 
A  direct-coupled  motor  ；  (2)  a  motor  driving  through  gear- 
ing ； (3)  a  motor  driving  through  a  belt;  (4)  a  motor  driving 
through  ropes.  Modern  practice  to  a  great  extent  has  gone 
in  favour  of  the  direct-coupled  drive,  even  for  speeds  as  low 
as  those  required  for  a  heavy  sheet  mill,  viz.,  32  revs,  per 
minute.  Of  course,  in  the  case  of  merchant  mills  where  the 
speeds  may  vary  from  100  revs,  per  minute  upwards,  the 
direct-coupled  drive  presents  no  difficulties,  and  the  question 
of  the  difference  in  capital  cost  between  a  direct-coupled  drive 
and  a  gear  or  rope  drive  has  not  to  be  so  seriously  considered 
as  is  the  case  in  a  very  slow  speed  drive.  In  a  great  many 
cases,  however,  the  extra  additional  cost  of  the  slow  speed 
drive  is  more  than  counterbalanced  hv  the  gain  in  efficiency 
clue  to  the  absence  of  any  form  of  transmission  losses  between 
the  motor  and  the  mill.  These  losses  are  a  lieavy  item  in  the 
yearly  expenditure,  as  can  be  seen  when  the  losses  in  tlie 
various  forms  of  transmission  are  considered.  Taking  the 
case  of  gearing,  it  can  be  assumed  with  a  fair  degree  of 
accuracy  that  the  losses  taking  place  in  a  single  reduction 
represent  about  5  per  cent,  of  the  pou  t  r  which  is  h，  i",! 
triuixwiffrd.  This  value  is  perhaps  excessive  when  taken  on 
a  gearing  which  has  just  been  newly  put  clown,  but  for  varied 
conditions  of  working,  and  wlien  the  gears  have  become  sohie- 
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wliat  worn,  it  is  not  safe  to  assume  that  any  less  loss  than 
this  takes  place.  In  the  case  of  a  rope  drive  the  percentage 
loss  taking  place  in  the  drive  alone  is  a  somewhat  moot  point, 
some  authorities  giving  the  losses  up  to  as  much  as  10  per 
cent.,  whilst  others  place  the  figure  as  low  as  2  per  cent.  As, 
however,  one  of  the  first  authorities  on  rope  drives  suggests 
that  a  figure  of  5  per  cent,  is  a  good  working  figure,  it  is 
probably  quite  safe  to  accept  this  figure  as  being  the  correct 
amount  to  take  into  account.  Special  eni]>liasis  in  the  case 
of  a  rope  drive  must  be  laid  upon  the  fact  that  the  loss  occur- 
ring in  the,  ropes  remains  practically  constant  whether  the 
ropes  are  running  light  or  transmitting  power,  and  the  loss 
can  be  taken  on  th  e  nonnal  poirer  irh  /rh  the  ropes  are 
dex'u/ned  to  t ra n stuif .  In  this  respect,  therefore,  the  rope 
drive  is  not  as  efficient  as  a  gear  drive,  although  it  certainly 
provides  a  very  nice  flexible  medium  between  the  motor  and 
the  mill.  Another  drawback  in  the  case  of  a  rope  drive  is 
the  amount  of  space  taken  up,  and  the  cost  of  upkeep  of  the 
ropes,  which  is  very  considerable,  the  life  of  the  ropes  being 
a  very  variable  figure,  ranging  from  about  two  years  to  per- 
haps five  or  more. 

With  regard  to  a  belt  drive,  this  form  of  transmission  has 
not  been  very  extensively  employed  in  this  country  for  this 
class  of  work,  but  it  has  been  used  to  a  somewhat  greater 
extent  on  the  Continent,  and  has  been  employed  for  powers 
up  to  1,800  h.p.  normal  and  3,600  h.p.  maximum,  with,  it  is 
believed,  very  satisfactory  results. 

Tii  order  to  show  in  a  simple  form  the  losses  which  may 
occur  throughout  the  year  due  to  transmission  losses^  a  case 
is  taken  of  a  sheet  mill  with  a  normal  power  of  600  h.p.  on 
the  motor,  and  an  average  power  taken  by  the  mill  of  200  h.p. 
Assuming  that  the  mill  is  working  for  110  hours  per  week, 
and  50  weeks  to  the  year,  the  losses  in  the  case  of  a  gear  drive 
would  be  5  per  cent,  of  200  h.p.,  viz.,  10  h.p.  for  5,500  hours, 
whilst  in  the  case  of  a  rope  drive  the  losses  would  be  5  per 
cent,  of  600  h.p.,  viz.,  30  h.p.  for  the  same  number  of  hoars. 
Taking  the  cost  of  power  at  ^d.  per  unit,  the  loss  in  these  two 
methods  of  drive  as  compared  with  a  direct-coupled  drive 
would  be  roughly  £100  in  the  case  of  the  gear  drive,  and 
£300  in  the  case  of  the  rope  drive,  representing  with  a  10  per 
cent,  interest  on  the  capital  outlay  £1,000  and  £3,000  respec- 
tively of  extra  plant. 

Where  the  question  of  converting  an  existing  mill  has  to 
be  considered,  the  method  of  drive  adopted  must  be  depen- 
dent, to  a  very  large  extent,  on  the  lay-out  of  the  works,  as 
there  may  be  other  mills,  roof  columns,  or  other  reasons, 
which  may  render  any  one  of  the  drives  mentioned  above 
impracticable.  One  of  the  first  questions  which  arises  when 
the  conversion  of  an  existing  mill  is  contemplated  is  the 
length  of  time  for  which  the  mill  will  have  to  be  shut  down 
in  order  to  make  the  change-over,  and  it  is  imperative  in 
most  cases  that  this  time  should  be  reduced  to  a  minimum. 
This  consideration  is  one  which,  in  a  number  of  cases,  lends 
itself  to  the  introduction  of  a  rope  drive,  as  the  foundations 
of  the  motor  and  the  motor  itself  can  be  put  down  without 
interfering  with  the  working  of  the  mill,  and  the  mounting 
of  the  rope  pulley  for  coupling  to  the  mill  is  very  often  a 
matter  of  quite  a  short  time,  and  sometimes  not  much  more 
than  a  long  week-end.  In  the  case  of  a  direct-coupled  drive, 
a  method  of  avoiding  stoppage  is  to  introduce  a  long  inter- 
mediate spindle  between  the  pinions  and  the  motor,  this 
spindle  spanning  the  space  taken  up  by  the  existing  engine. 
The  change-over  in  this  case  from  the  steam  to  the  electric 
drive  did  not  involve  any  stoppage  of  the  mill. 

It  is  sometimes  possible  to  put  down  the  motor  on  the 
side  remote  from  the  steam  engine,  and  this  was  done  on  the 
second  electrically-driven  reversing  mill  which  was  installed. 
This  plant  has  been  working  now  for  5^  years,  and  no  trouble 
whatever  has  been  experienced  through  its  having  been  found 
necessary  to  transmit  the  drive  through  the  bottom  spindle  to 
the  pinions.  It  may  be  said  that  when  this  plant  was  first 
put  down  the  engine  was  retained  in  place  so  that  it  could 
be  re-coupled  to  the  mill  in  the  event  of  anything  going  wrong 
with  the  electrical  drive,  but  it  has  never  been  used  since  the 
electrical  plant'  has  been  set  to  work.  In  some  cases  it  is 
possible,  by  the  introduction  of  another  gear  wheel,  to  put 
the  motor  in  position  without  shutting  down  the  plant. 


When  applying  a  motor  drive  to  a  mill,  an  important 
consideration  is  the  weight  of  flywheel  to  be  adopted,  and 
this  is  a  matter  which  can  only  be  satisfactorily  decided 
through  experience.  It  is  not  a  safe  method  to  assume  that 
the  flywheel,  as  fitted  to  the  existing  engine,  will  be  satisfac- 
tory in  t  lie  case  of  a  motor  drive,  since,  when  an  engine  is 
overloaded,  it  will  slow  down  until  finally  it  will  stall.  A 
motor,  of  course,  does  not  act  in  the  same  way,  but  has  a  pre- 
determined drop  in  speed  from  no  load  up  to  the  maximum 
load  which  it  can  safely  stand,  and  if  this  maximum  load  is 
exceeded,  the  circuit  breaker  or  switch  protecting  the  motor 
will  operate,  shutting  down  the  plant.  In  the  former  case, 
that  is,  of  the  engine,  the  whole  of  the  stored  energy  in  the 
flywheel  is  available  to  pull  the  metal  through  the  rolls  in 
conjunction  with  the  engine,  whilst  in  the  latter  case,  assum- 
ing a  20  per  cent,  fall  in  speed  between  no  load  and  100  per 
cent,  overload,  only  36  per  cent,  of  the  stored  energy  is  avail- 
able, after  which  the  motor  ceases  to  drive,  leaving  only  tlie 
flywheel  stored  energy.  This  is,  to  some  extent,  counteracted 
by  the  i'act  that  the  permissible  overload  on  the  motor  will 
be  1 00  per  cent,  in  excess  of  the  normal  power,  whilst  in  the 
ease  of  an  engine  the  overload  will  not  be  much  more  than 
25  per  cent.,  but  it  can  generally  be  stated  that  the  flywheel 
will  require  to  be  heavier  in  the  case  of  the  motor  drive  than 
in  the  case  of  the  engine.  The  heavier  the  wheel,  of  course, 
tlie  steadier  the  power  demanded  from  the  motor,  but  here 
again  the  question  of  cost  is  the  deciding  factor,  and  a  fluc- 
tuating load  will  not  prove  harmful  to  a  motor  provided  that 
the  maximum  peaks  are  not  excessive.  This  is  clearly  shown 
by  the  success  of  the  motors  employed  for  reversing  mill  work 
—where  they  are  coupled  direct  to  the  pinions  and  take  the 
full  power  demanded  by  the  mill. 

Another  question  which  arises  if  there  is  some  form  of 
traiisniission  between  the  motor  and  the  mill  is,  as  to  whether 
the  flywheel  be  placed  on  the  high-speed  motor  shaft,  or  be 
direct  coupled  to  the  slower  speed  mill.  Modern  practice  in 
this  respect  has  usually  decided  in  favour  of  the  flywheel  con- 
nected to  the  mill,  and  this  would  appear  to  be  the  correct 
solution  of  the  matter,  as,  in  this  position,  the  flywheel  absorbs 
the  peak  loads  of  the  mill  before  they  come  back  on  to  the 
transmitting  mechanism. 

The  cost  of  having  a  large  slow-speed  flywheel  is  usually 
somewhat  in  excess  of  having  a  high-speed  smaller  flywheel, 
but  the  difference  is  not,  in  many  cases,  very  great  on  account 
of  the  fact  that  the  full  peak  loads  of  the  mill  in  the  latter 
case  have  to  be  transmitted  from  the  motor  and  flywheel 
through  the  gearing  or  ropes  as  the  case  may  be.  The  size  of 
the  gearing,  and  the  number  of  ropes,  will  have  to  be  very 
materially  increased  to  withstand  this  extra  strain.  As  the 
ropes  and  gearing  are  usually  admitted  to  be  evils,  the  reduc- 
tion of  tli em  to  their  smallest  dimensions  is  advisable,  and 
this  can  be  done  by  designing  them  to  transmit  only  the 
normal  power  of  the  motor  and  allowing  excessive  mill  peaks 
to  be  taken  up  by  the  flywheel  directly  coupled  to  it. 

A  form  of  drive  which  has  been  suggested  and  employed 
in  one  or  two  cases  is  to  mount  the  flywheel  on  the  motor 
shaft,  and  to  drive  through  a  worm  reduction  gear  on  to  the 
mill.  This  is  a  very  interesting  new  departure,  and  time  will 
show  whether  it  possesses  advantages  over  the  better-known 
drives.  It  would  appear  to  be  a  very  satisfactory  method  if 
a  steady  power  is  demanded,  such  as,  for  instance,  a  wire  mill 
or  cold  roll  drive  in  a  tinplate  mill  where  there  are  no  heavy 
peak  loads  to  be  taken  up  by  the  flywheel,  but  where  the  full 
power  of  the  motor  and  flywheel  has  to  be  transmitted 
th  rough  such  a  gear  it  is  to  be  seen  whether  it  can  be  made 
of  sufficiently  strong  design  to  give  an  efficient  working  life 
commensurate  to  tlae  initial  cost  of  the  plant. 
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Iii  each  of  the  series  an  odd  number  of  twyers  has  been 
arranged  so  as  to  avoid  blowing  exactly  op])o»ite  and  tlie 
consequent  forcing  back,  tlie  large  number  of  twyers  enabling 
tlie  blast  to  act  on  the  coke  on  a  large  proportion  of  the  cir- 
cumference of  the  shaft.  The  twyers  liave  also  a  downward 
inclination  of  about  5°  relatively  to  the  horizontal  plane,  in 
order  that  the  blast  should  reach  the  centre  of  the  cupola, 
so  as  to  bring  about  a  more  energetic  combustion  of  tlie 
coke  and  to  produce  a  quicker  melting.  By  regulating  the 
additional  blast  injected  through  the  second  series  of  twyers 
G，  the  quantity  of  oxygen  remaining  free  in  the  produrt  ('i 
combustion  can  be  reduced  to  a  minimum,  and  conserjuentl v 
the  oxidation  of  molten  metal,  and  the  formation  of  fusible 
silicates,  to  the  detriment  of  the  refractory  lining  of  tlie 
cupola,  can  also  be  reduced  to  a  minimum.  The  proportion 
between  the  total  cross-sectional  area  of  the  twyers  and  the 
cross-sectional  area  of  the  cupola,  is  determined  by  experience, 
and  is  such  that  the  weight  of  oxygen  delivered  by  the  twyers 
corresponds  chemically  to  the  weight  of  carbon  to  be  oxidised. 
Moreover,  the  melting  twyers  F  which  are  arranged  at  the 
bottom  portion  of  the  shaft,  have  a  rectangular  cross-section, 
the  height  of  which  is  equal  to  half  the  base,  which  enables 
the  blast-penetration  ring  to  be  increased  in  circumference, 
and  the  height  of  the  oxidising  zone  to  be  reduced.  In  the 
upper  portion  of  the  cupola,  immediately  below  the  mouth, 
the  refractory  lining  is  replaced  by  cast-iron  blocks  O  capal<h- 
of  withstanding  the  blows  of  the  pigs  during  charging. 


A  NEW  ARC  WELDING  MACHINE. 

A  wide  field  has  been  opened  up  to  electric  arc  weldincr 
within  the  last  few  years.  For  the  improvement  of  castings 
and  for  carrying  out  boiler  repairs  in  particular,  this  form 
of  welding  has  been  extensively  adopted.  There  are  three 
different  systems  of  arc  welding,  the  oldest  of  which  is  Ber 
nados  (Fig.  1).      In  this  system  a  carbon  electrode  is  con- 


K       Carbon  Rod 

Fig.  1 Anc  Weldixg  PRorF.ss,  Bern  ados  System. 

nected  to  one  pole  of  a  source  of  supply,  the  article  to  be 
welded  being  connected  to  the  other.  In  this  manner  an  arc 
can  be  formed  between  the  carbon  and  the  work  which  cor- 
responds to  the  flame  in  autogenous  welding.  The  workman 
manipulates  the  carbon  rod  similarly  to  an  autogenous  weld- 
ing burner  ；  he  has  the  advantage  of  only  having  to  use  one 
hand,  however.    As  soon  as  he  touches  the  work  with  tlie 


E      Electromdgnet  K  ―  Carbon  Kod 


Fig.  2.— Arc  W'f.ldixq  Process,  Zerenf.u  System. 
carbon  electrode,  current  passes  ；  when  he  removes  the  elec- 
trode a  few  millimetres  a  welding  arc  is  fornred  which  causes 
the  surface  of  the  work  to  melt  on  account  of  its  heat.  If 
fresh  metal  has  to  be  added,  a  bar  of  rnetal  is  held  in  the  arc 
where  it  reaches  a  molten  condition  and  drops  on  to  the  part 
to  be  welded.  In  place  of  the  Bernados  process  that  of 
Slavianoff  is  frequently  employed.  In  this  latter  process, 
in  place  of  the  carbon  electrode,  a  metal  rod  similar  in  com- 
position to  the  article  welded,  which  gradually  melts,  is 
e.nployed.    The  third  welding  process  is  Zerener's,  the  nrin- 


A  FRENCH  DESIGN  OF  FOUNDRY  CUPOLA. 

The  cupola  furnace  shown  in  the  accompanying  illustrations, 
the  joint  invention  of  A.  Tropenas  and  E.  Tournier, 
3，  rue  Bourdaloue,  Paris,  has  for  its  object  to  utilise 
the  whole  of  the  heat  supplied  by  the  coke.  The 
cupola  com  prises  two  sets  of  lower  twyers,  the  auxiliary 
twyers  arranged  above  the  melting  twyers  having  tlieir  blast 


Foundry  Cupola. 

box  connected  to  the  blast  box  of  the  melting  twyers  by  means 
of  an  opening  of  adjustable  cross-section,  for  the  purpose  of 
controlling  the  rate  of  flow.  Fig.  1  shows  the  cupola  in 
vertical  section  and  Figs.  2  to  4  are  horizontal  cross-sections  on 
lines  1 ― 1，  2 ― 2,  and  3 ― 3  respectively  of  Fig.  1.  The  cupola 
proper  is  provided  in  the  usual  manner  with  a  series  of  melt- 
ing twyers  F  supplied  by  a  compressor  or  fan  through  a  blast 
box  T.  The  latter  is  divided  into  two  compartments  C  D  by 
a  horizontal  partition  P  having  an  orifice  therein.  The  com- 
partment D  receives  from  the  pipe  E  the  whole  of  the  air 
coming  from  the  fan,  and  supplies  the  first  series  of  twyer? 
F.  The  second  compartment  C  supplies  another  series  of 
auxiliary  twyers  G.  The  air  to  be  blown  in  through  the 
latter  comes  from  the  lower  compartment  D  of  the  blast  box 
through  the  orifice  made  in  the  partition  P，  not  as  in  known 
cupola  furnaces,  directly  from  the  blast  pipe.  This  orifice  can 
be  closed  to  a  greater  or  less  extent  by  means  of  a  damper  Ry 
which  slides  in  guide  grooves  secured  to  the  partition  P,  and 
which  is  provided  with  indications  corresponding  to  the 
degree  of  opening  of  the  inter-communication  orifice.  When 
the  damper  R  is  completely  t£  engaged/7  the  air  blown  into 
the  blast  box  T  cannot  pass  into  the  upper  compartment  C 
except  through  small  orifices  J  provided  in  the  damper  R  so 
as  always  to  keep  in  the  twyers  G  of  the  second  series  a  slight 
circulation  of  air  preventing  them  from  being  burned.  The 
cupola  is  also  provided  with  a  third  series  of  twyers  K. 
arranged  sufficiently  high  to  avoid  producing  a  second  melting 
zone.  These  twyers,  to  the  number  of  three,  are  supplied 
through  small  tubes  L  branched  on  one  and  the  same  verti- 
cal pipe  M.  This  pipe  passes  through  the  upper  compartment 
C  of  the  blast  box  T，  and  opens  into  the  lower  compartment 
D  from  which  it  is  fed.  The  total  output  of  the  three  twyers 
K  is  regulated  by  means  of  a  single  valve  N  provided  in  the 
vertical  pipe  M，  and  must  be  sufficient  for  burning  the 
remaining  carbonic  oxide  without  introducing  an  excess  of 
oxygen. 
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ciple  of  which  is  shown  in  Fig.  2.  Two  carbon  electrodes  are 
fixed  in  a  suspended  armature  at  an  angle  to  one  another. 
The  arc  formed  between  them  is  blown  against  the  article 
to  be  welded  }>v  an  electro-magnet.  Both  carbon  reds  are 
connected  through  the  armature  and  brought  over  the  work 
together,  thus  forming  a  substitute  for  an  electric  welding 
iMinier.  Direct  current  is  used  in  all  three  processes.  The 
arc  requires  pressures  from  45  to  65  volts.  The  special  proper- 
ties of  the  arc  welding  process  make  it  necessary  to  employ 
special  dynamos  for  generating  the  welding  current.  It  is 
impossible  to  avoid  the  constant  lengthening  of  the  arc,  and 
therefore  the  alteration  of  its  resistance  while  welding.  When 
the  electrodes  touch,  for  example,  a  short  circuit  is  set  up, 

Serict         Shunt  Separately 
Winding    Winding    Excited  Winding 


Weldmg  Currenl 
Kcyuldtor  con- 
ncctett  m  ll>c 
Scpiirdle  Exci- 


AriUle  WelJed 


VolUge  Regulator 
connecled  in  Sliunt 


,，       Ccmmutaling  Pole  Wiiulmfl 

Fig.  3.  —Diagram  of  Connections  for  the  Kramer  Machine. 

and  on  moving  them  backwards  and  forwards  the  length  of 
the  arc  can  be  varied  with  wide  limits.  In  consequence  of 
the  considerable  changes  of  resistance  thus  brought  about 
tlie  current  can  only  be  taken  from  a  direct-current  network 
or  shunt  generator  after  special  series  resistances  have  been 
connected  in  circuit,  which  occasion  a  great  loss  of  energy. 

The  A. E.G.  developed  methods  some  time  ago  for  utilising 
the  welding  energy  without  losses.  Further  progress  has 
now  been  made  in  this  direction  by  the  use  of  a  welding 
dynamo  connected  in  accordance  with  the  Kramer  patent. 
This  machine  generates  energy  at  the  required  voltage 
directly,  and  always  supplies  current  of  the  same  strength 

Amps 


u 


—― _i— ―， 

丁 

i 

a- 

i 

J 


Fig. 


0   Ohim   0,2S  0^  0,75  1.0 
 Welding  Resistance 

a  =  Welding  Range 

-Value  of  the  Current  in  Relation  to  the  Wklding  Resistance. 


notwithstanding  considerable  resistance  fluctuations  in  the 
welding  circuit.  At  the  same  time  a  perfectly  steady  arc 
is  obtained.  The  heat  flowing  to  tlie  article  weldtd  is  there- 
fore quite  constant,  a  matter  of  cardinal  importance  for 
satisfactory  welding.  The  peculiar  property  of  the  new 
Kramer  welding  dynamo  of  giving  a  constant  current  with 
a  variable  resistance  is  obtained  by  means  of  a  three- fold 
field  excitation,  as  may  be  seen  from  the  diagram  of  con- 
nections in  Fig.  3.  One  field  winding  is  a  differentially  con- 
nected series  winding,  the  second  is  a  shunt,  and  the  third 
a  separately  excited  winding  which  receives  current  from  a 
special  network  with  a  constant  voltage.  Any  given  welding 
current  most  suitable  for  the  work  can  be  obtained  by  adjust- 
ing tlie  regulator  for  the  separate  excitation.  The  voltage  of 
the  machine  may  be  altered  by  the  regulator  for  the  shunt- 
excitation.  Thus  a  finely  graduated  adjustment  of  the 
current  and  voltage  may  be  obtained  by  suitably  arranging 


the  two  regulating  resistances,  so  that  the  machine  can  be 
； idnpted  within  wide  limits  to  the  requireinents  for  the  weld- 
ing work  in  liand.  Fig.  4  illustrates  the  value  of  the  cur- 
rent for  a  Kramer  machine  adjusted  for  a  welding  current 
of  150  amperes.  It  clearly  shows  that  the  welding  current 
remains  constant  even  when  the  arc  resistance  varies  from 
zero  (i.e.,  short  circuit)  to  0*5  ohm.  Only  after  attaining 
a  still  higher  resistance  does  the  current  begin  to  fall 
gradually. ― "  A. E.G.  Journal." 
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n  page  390,) 

In  obtaining  the  actual  temperatures  of  the  cylinder  con- 
tents at  any  instant  throughout  the  stroke,  we  know  that  at 
the  completion  of  the  suction  stroke  the  cylinder  and  its 
clearance  have  been  filled  with  air  at  a  pressure  slightly  less 
than  that  of  the  atmosphere.  The  precise  pressure  cannot  be 
measured  with  sufficient  accuracy  from  an  ordinary  diagram 
owing  to  its  small  scale  ；  but,  through  the  kindness  of  Messrs. 
Burnieister  &  Wain,  and  also  of  the  Nederlandsche  Company, 
of  Amsterdam,  I  have  been  supplied  with  diagrams  taken  with 
weak  springs.  These  only  show  completely  the  exhaust  and 
suction  strokes,  as,  owing  to  the  scale  of  pressure,  the  com- 
pression and  impulse  strokes  cannot  be  shown  on  the  cards, 
but  the  exhaust  and  suction  pressures  can  be  measured  with 
precision.  From  these  cards  it  is  seen  that  in  ordinary 
working  conditions  the  pressure  of  the  air  in  the  cylinder  at 
the  commencement  of  the  compression  is  a  little  less  than 
that  of  the  atmosphere. 

We  next  want  to  know  its  actual  temperature  at  that 
instant.  There  is  no  means  of  measuring  this,  but  from  the 
considerations  given  in  the  Appendix,  which  gives  in  detail 
the  methods  of  calculation  employed  in  the  two  cases  taken 
as  illustrations,  a  very  fair  approximation  to  the  actual 
temperature  can  be  arrived  at.  The  assumption  is  made  that 
the  temperature  at  the  commencement  of  compression  is 
100°  Fah.  From  this  point  the  ordinary  laws  relating  to 
pressure,  temperature,  and  volume  of  gases  enable  the  average 
temperature  of  the  gas  in  the  cylinder  to  be  determined  at 
any  instant,  if  the  indicator  card  is  a'  correct  representation 
of  the  pressure  and  volume  at  that  instant.  The  only  special 
matters  to  remember  in  applying  these  laws  to  the  engines 
of  to-day  are,  first,  that  during  the  impulse  stroke  the  quantity 
of  air  has  been  augmented  beyond  that  shown  in  the  com- 
pression stroke  by  the  amount  of  blast  air  used  per  stroke, 
and,  secondly,  that  while  no  change  occurs  in  the  volume  of 
gas  produced  by  the.  burning  of  the  carbon  of  the  fuel  into 
C02,  there  is  an  increase  of  volume  due  to  the  combustion 
of  the  hydrogen  into  H20.  The  allowances  for  these  are 
shown  in  the  Appendix. 

If  at  the  point  at  which  the  pressure  commences  to  fall 
the  combustion  were  complete,  and  if  also  no  heat  were 
abstracted  from  the  gas  by  the  cold  cylinder  walls,  the  expan- 
sion would  be  adiabatic,  the  only  loss  of  temperature  of  gas 
being  due  to  the  work  it  does  during  expansion.  If  there  is 
a  loss  of  heat  through  the  cylinder  walls,  as  of  course  there 
must  be，  but  at  the  same  time  no  combustion,  the  temperatures 
and  pressures  would,  during  expansion,  fall  below  those  due 
to  adiabatic  expansion.  An  examination  of  the  two  diagrams, 
however,  will  show  that  the  actual  pressure  line,  instead  of 
falling  below  the  adiabatic  expansion  curve,  rises  considerably 
above  it  in  both  cases.  This  shows  that  there  must  be  so  much 
conilnistion  proceeding  all  along  the  stroke  as  to  more  than 
make  up  by  the  heat  so  produced  for  that  lost  by  entering 
the  cylinder  walls.  In  the  diagram  of  the  earliest  engine  this 
takes  place  to  such  a  marked  extent  that  towards  the  end  of 
the  stroke  the  temperature  is  seen  to  be  actually  rising,  so 
that  the  combustion  here  more  than  makes  up  for  the  waste 
through  the  cylinder  walls,  and  also  for  the  heat  which  is  at 
the  moment  being  converted  into  work. 

Attention  is  now  drawn  to  the  marked  difference  in  the 
temperatures  at  the  latter  end  of  stroke  in  the  cases  of  these 
two  engines.  Even  making  very  large  allowances  for  the  fact 
that  in  the  earlier  engine  the  mean  pressure  is  so  high  as 
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1 141bs.  per  square  iiit'li,  whilst,  it  is  only  SS|l»s.  in  t  lir  case  of 
the  "  Suecia,"  it  will  be  seen  that  in  the  latter  the  terminal 
Icnijierat  ui't^s  ； iro  much  lower.  This  must  have  a  considerable 
ed'ect-  on  t  he  durahility  oi'  the  cxlwiust  valves  whicli  a  re 
exposed  to  the  currents  of  hot  gases  flowing  over  tli("ii，  ； uid 
whicli,  so  far,  have  not  been  artificially  coolod .  It  m;'v  \>r 
i  hou^hi,  perhaps,  that  in  t  he  case  of  i  he  "  Suecia,"  the  lower 
temperature  is  in  part  due  to  more  heat,  ixun^  ahst ract o<l 
through  the  cylinder  walls.  Tliis,  however,  is  seen  no(.  to  he 
the  case,  from  the  consideration,  first,  that  the  "  Suecia  s 
cylinders  are  much  larger  tlian  1  he  others,  (*("is('(|ii('i"l v  1  ln'ir 
cuoliiig  surfnce  is  coiisidorahly  loss  in  propoi  tion  to  ilio  volume 
of  the  gas  they  contain  ；  and,  secondly,  from  U"'  \';\r\  thai, 
conil)iiied  with  the  large  proportion  of  cooling  surface  in  the 
small  cylinders  of  the  land  engine,  there  was  a  very  ample 
supply  of  rin'ulat  ing  water,  as  is  shown  by  the  fact  tli;i1  1  iiis 
water  abstracted  over  20  per  cent,  of  tlie  total  lieai  of  com- 
bustion, this  being  more  tlian  lialf  the  quantity  converted 
into  work.  The  real  cause  of  the  ('()mpar;d  iv(>ly  low  exhaust 
temperature  is,  as  has  been  pointed  out  to  the  writer'  by  the 
engine  l)uilders,  the  spraying  of  the  fuel  oil  has  been  so 
improved  that  much  earlier  combustion  has  Ikhmi  secured. 

It  is  recognised  tliat  tlie  actual  efficiency  of  a  heat  engine, 
that  is，  the  proportion  of  the  heat  converted  into  work, 
increases  by  using  a  higher  initial  temperature,  consequently 
t he  port iou  of  an  oil  charge  whicli  becomes  burnt  in  the  early 
part  of  the  stroke,  where  the  temperature  is  very  high,  must 
yield  up  more  work  than  an  equal  quantity  of  oil  burning 
towards  the  end  of  the  stroke,  where  the  temperature  is  very 
much  lower.  Early  combustion,  therefore,  is  to  be  aimed  at 
so  long  as  it  does  not  increase  the  pressure  at  any  instant 
above  the  maximum  pressure  provided  for  in  the  design,  and 
provided  the  temperature  attained  does  not  of  itself  cause 
troubles.  A  leference  to  the  figures  giving  the  temperatures 
of  the  gas  at  different  points  of  the  stroke  will  show  that, 
although  excellent  results  were  obtained  in  the  "Suecia,"  there 
is  still  room  for  further  improvement,  as  still  earlier  com- 
hustion  would  be  possible  without  increasing  the  maximum 
pressure. 

It  might  be  thought  to  be  possible  to  further  increase  the 
thermal  efficiency  by  carrying  the  expansion  further.  Cer- 
tainly it  does  seem  to  be  extremely  wasteful  to  exhaust  the 
gases  while  they  are  at  a  considerable  pressure,  and  also  while 
they  are  at  a  very  high  temperature.  Attempts  have  been 
made  to  utilise  their  high  temperature  for  steam  raising,  but 
these  have  not  been  so  successful  as  was  anticipated.  With 
regard  to  the  possibilities  in  the  direction  of  further  expansion, 
it  must  be  remembered  that  greater  expansion  necessarily 
means  larger  cylinders,  which  will  increase  the  loads  on  the 
mechanism  in  far  greater  proportion  than  the  increase  of  work 
which  will  result.  Besides  this,  the  larger  cylinders  will 
possess  larger  heat-abstracting  surfaces,  and  in  view  of  the 
large  proportion  of  the  heat  whicli  is  lost  by  the  cooling  water, 
it  is  easy  to  see  that  there  must  be  a  point  at  which  any  gain 
due  to  greater  expansion  will  be  accompanied  by  an  equal  loss 
by  extra  heat  rejected  in  the  cooling  water.  That  the  present 
practice  is  not  far  from  that  point  is  seen  from  the  fact  that 
the  actual  thermal  efficiency  of  the  engine  is  not  much  affected 
through  a  long  range  of  power,  produced  by  what  is  virtually 
a  variation  oi  expansion,  extending  from,  say,  15  or  20  per 
cent,  overload,  down  to  about  two-thirds  power  in  many  land 
engines,  and  Prof.  Junkers'  experiments,  already  quoted,  show 
the  same  result. 

An  important  point  which  deserves  consideration  is  the 
amount  of  heat  carried  away  by  the  cooling  water.  There  are 
two  distinct  conditions  dominating  this.  First,  the  materials 
of  the  cylinder  barrel,  cover,  and  piston  must  be  kept  suffi- 
ciently cool  throughout  their  thickness  to  ensure  that  the 
temperature  at  no  point  rises  so  much  that  the  strength  of  the 
material  becomes  unduly  depreciated,  and  also,  and  this  is 
equally  important,  the  temperature  gradient  through  the 
thickness  of  the  metal,  that  is  to  say,  the  difference  of  the 
temperature  of  contiguous  parts  of  the  metal  must  not  be  so 
great  that  the  consequent  differences  of  expansion  would  cause 
abnormal  stresses  in  the  metal,  altogether  independently  of 
the  stresses  due  to  the  pressures  in  the  cylinder. 

As  illustrations,  take  the  simple  cases  of  a  plain  cylindrical 
barrel,  such  as  the  actual  cylinder  liner  of  a  Diesel  engine,  and 
of  a  circular  furnace  of  a  steam  boiler,  lioth  are  subjected 
to  intense  heat  on  the  inside,  and  both  have  water  in  contact 
with  them  on  the  outside.     One,  however,  is  comparatively 


thick  and  the  other  comparatively  thin.  In  both  caues  the 
particles  of  met al  t'oniiing  tlie  inner  surfaces  of  the  cylii""  r 
must  he  much  colder  than  the  gases  in  contact  with  them  on 
the  one  side,  but  they  must  be  hotter  than  the  particles  of 
metal  next  to  thern.  Similarly  tlie  particles  next  the  outer 
sides  must  be  hotter  than  the  water  which  wets  t iu-rn,  hut 
colder  than  the  metallic  particles  adjoining  t l"'m.  The 
dilTerence  of  the  ternporat  u res  of  t  lie  ( wrj  si 山'、 oi  t  Ik*  mat  crui  I 
will  depend  upon  the  conductivity  of  the  metal  which  deter- 
mines the  rate  at  which  heat  will  flow  through  it.  It  is 
evident  that  the  thicker  the  metal  the  greater  will  he  the 
difTerence  of  temperature  of  the  two  sides.  In  a  boiler  funi'i'  e 
the  material  is  steel,  which  can  be  relied  upon  as  being  con- 
tinuous throughout  the  thickness,  that  is,  it  will  not  (  '"it;im 
any  lainiiiations  or  small  local  defects  of  continuity  which  will 
impede  tlie  flow  of  heat  through  it  ；  whilst,  in  cast  iron,  of 
which  the  cylinder  liner,  cover,  and  piston  are  generally  小'， 
there  are  always  innumerable  particles  of  graphite  embedded 
in  the  metal,  and  these  must  more  or  less  impede  the  flow  of 
heat,  so  that  with  the  same  thickness  of  material  and  the  same 
temperature  conditions  outside  the  two  sides  of  it,  there  must 
always  be  more  difference  of  temperature  of  the  two  sides  in 
the  case  of  cast  iron  than  would  exist  in  the  case  of  steel  plate. 
In  a  furnace  in  which  oil  fuel  is  burned,  it  is  common  experi- 
ence that  a  thickness  of  :l'u\.  will  withstand  continuous 
working,  if  it  is  kept  scrupulously  clean  on  the  water  side,  and 
it  is  generally  felt  that  it  would  be  unwise  to  exceed  that 
thickness.  In  a  Diesel  engine  the  thickness  of  cast-iron 
cylinder  liners,  piston  crowns,  &c.，  owing  to  considerations  of 
strength,  must  be  made  considerably  in  excess  of  this  ；  in  fact, 
thicknesses  greater  than  2in.  have  been  successfully  used. 
Now,  the  temperature  in  the  furnace  burning  oil  fuel  and  the 
maximum  temperature  in  a  Diesel  engine  cylinder  cannot  In- 
very  different.  The  reason  the  thick  cast-iron  metal  with- 
stands the  temperature  is  because  the  latter  is  intermittent, 
not  continuous.  The  actual  temperature  of  the  skin  of  the 
metal  must  depend  more  upon  the  mean  of  the  temperature 
taken  on  a  time  basis  than  upon  the  maximum.  This  is  one 
great  argument  frequently  quoted  in  favour  of  the  4 -cycle 
engine  as  against  the  2-cycle.  As  will  be  seen  from  the 
temperature  calculations  given  in  the  Appendix,  the  m(  ;'ii 
temperature  in  the  former  is  considerably  less  than  that  in  the 
latter,  and  it  is  quite  conceivable  that  a  much  less  difTerence 
might  put  one  below  and  the  other  well  above  the  critical 
temperature  which  would  give  trouble. 

If  now,  say,  in  the  cylinder  barrel,  the  inner  layer  is  raised 
in  temperature  more  than  the  outer  layer,  as,  of  course,  it 
must  be,  it  will  tend  to  expand  more,  and  the  difference  in  the 
expansion  can  only  be  accommodated  by  the  inner  layers  being 
compressed  and  the  outer  layers  being  put  into  tension,  whicli 
tension  will  be  superimposed  upon  tliat  wliich  the  liner  has  to 
bear  on  account  of  the  pressure  in  the  cylinder.  It  is  thus 
quite  conceivable  that  a  thick  cylinder  exposed  to  high  tempe- 
rature, as  well  as  to  a  high  pressure  inside  it,  will  be  actually 
more  stressed  than  a  thinner  one.  The  same  reasonini: 
applies  to  the  piston  crown  and  the  bottom  of  the  rvlinder 
covers.  The  metal  in  these  parts  is  put  into  a  state  of  com- 
pression by  reason  of  the  high  temperature,  besides  being 
subject  to  a  similar  stress  due  to  the  pressure.  These  con- 
siderations show  the  great  importance  of  keeping  the  thick- 
nesses of  the  metal  at  parts  exposed  to  great  heat  as  thin  as 
possible,  consistent  with  their  possessing  sufficient  strength. 
It  is  these  considerations  which  lead  to  the  impression  tliat 
only  comparatively  small  cylinders  will  be  possible  with 
Diesel  engines. 

On  this  point  experience  will  be  the  only  sate  guide. 
Laboratory  tests,  although  very  useful,  cannot  reproduce  the 
strenuous  conditions  incidental  to  constant  use  involving  rapid 
variations  of  conditions  repeated  in  any  millions  of  times.  It, 
of  course,  does  not  follow  that  an  enlargement  of  cylinder 
diameter  necessarily  involves  a  proportionate  thickening  of 
metal  throughout.  As  an  instance,  it  might  be  mentioned 
that  in  some  of  Messrs.  Burrneister  <fe  Wain  s  engines  larger 
pistons  have  been  made  with  less  thickness  of  metal  than  was 
successfully  used  in  the  ''  Selandia."  This  has  been  rendered 
possible  by  a  modification  of  the  design,  and  it  is  not  to  be 
supposed  tliat  no  further  progress  can  be  made  in  this 
direction. 

Another  point  which  it  has  been  thought  will  present  diffi- 
culty is  the  fact  that  cast  iron  will  appreciably  change  form 
and  dimensions  through  continuous  high  temperatures  and  so 
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cause  troubles  similar  to  those  which  have  occasionally  been 
experienced  in  large  steam  engines.  It  was  probably  fear  of 
the  growth  of  cast  iron  under  these  severe  heat  conditions 
which  led  to  the  use  of  cast  steel  for  cylinder  covers.  Most 
Diesel  engine  manufacturers  have  reverted  to  the  use  of  cast 
iron  for  covers.  Some  of  them  give  the  metal  a  severe  heat 
treatment  before  the  completion  of  the  machining  operations. 
It  is  quite  possible,  however,  that  cast  steel  will  be  again  used 
for  these  parts.  There  have  been  several  cases  of  cracks  in 
cast-iron  cylinder  covers  in  positions  where,  irrespective  of  the 
expansion  by  heat,  the  pressure  on  the  parts  puts  the  material 
into  compression.  In  some  cases  these  cracks  have  been 
allowed  to  remain,  and  as  they  have  not  extended  when  in  use, 
it  has  been  considered  that  they  were  due  to  heat  stresses  only. 
In  some  cases  saw-cuts  have  been  initially  put  into  similar 
positions  of  the  covers,  and  these  cuts  have  prevented 
subsequent  cracking. 

From  the  Appendix  giving  the  work  done  by  each  of  the 
Diesel-eugined  ships  it  will  be  seen  that  greater  troubles  have, 
in  general,  been  caused  by  the  air  compressors  and  their 
accessories  than  by  the  Diesel  engines  themselves.  It  must  be 
frankly  stated  that  this  was  not  expected.  Machines  com- 
pressing air  up  to  as  great  or  even  greater  pressures  than  are 
required  with  Diesel  engines  have  been  in  use  in  warships 
for  very  many  years,  and  it  was  anticipated  that  compression 
would  not  present  a  difficult  problem.  If  there  have  been 
special  troubles  in  war  vessels  with  air  compressors,  they  have 
not  become  public  property.  Much,  if  not  most  of  the  trouble, 
has  been  due  directly  or  indirectly  to  the  lubrication  with  the 
compressors  of  Diesel  engines.  Attention  was  specially  drawn 
to  this  point  by  the  sad  accident  which  occurred  to  the 
" Suecia，，，  a  Swedish  vessel,  on  her  second  voyage.  This  vessel 
was  built  and  engined  by  Messrs.  Burmeister  <fe  Wain,  and  has 
similar  engines  and  auxiliaries  to  those  of  the  "  Selandia," 
although  they  are  rather  smaller.  When  off  the  coast  of 
Brazil  one  of  her  high-pressure  air  receivers  burst.  The  vessel 
put  into  Rio,  where  the  machinery  was  temporarily  repaired, 
and  she  completed  her  voyage  to  Stockholm,  where  an  official 
enquiry  into  the  accident  was  held.  The  arrangement  in  this 
vessel  is  that  the  air  used  for  starting  as  well  as  for  fuel 
injection  is  first  compressed  by  a  2-stage  compressor,  worked 
by  an  auxiliary  Diesel  engine,  up  to  20  atmospheres,  and  is 
stored  at  that  pressure  in  large  cylindrical  receivers.  The 
air  used  for  fuel  injection  is  taken  from  these  receivers  and 
further  compressed  by  a  high-pressure  compressor  worked  by 
each  main  engine  to  70  atmospheres,  and  this  high-pressure 
air,  after  passing  through  coolers,  is  stored  in  small  steel 
receivers,  passing  from  them  as  required  for  injection  purposes. 
The  receivers  are  fitted  with  drains  for  clearing  them  from  the 
water  which  always  separates  from  compressed  air.  It  had 
become  evident  during  the  voyage  that  an  abnormal  quantity 
of  lubricating  oil  was  passing  through  the  compressor,  as  much 
oil  was  blown  out  through  the  drain  along  with  the  separated 
water.  It  had  also  been  found  during  the  voyage  that  the 
cooler  pipes  through  which  the  air  has  to  pass  had  on  more 
than  one  occasion  become  partially  choked  with  greasy  matter. 
They  had  been  cleared  by  disconnecting  them,  making  them 
red  hot,  and  so  burning  out  the  grease  from  them,  and  then 
blowing  out  the  residue  by  means  of  compressed  air.  An 
examination  of  the  damage  after  the  accident  showed  that  an 
explosion  first  occurred  in  the  pipe  leading  from  the  air  cooler 
to  the  high-pressure  receiver,  this  pipe  being  burst  in  two 
places.  The  flame  then  passed  the  valve  connecting  the  pipe 
to  the  receiver,  melting  a  groove  in  it,  and  entered  the  receiver, 
which  in  its  turn  burst.  The  engine-room  after  the  accident 
was  filled  with  smoke,  showing  that  oil  combustion  had 
occurred,  and  that  the  accident  had  not  been  due  merely  to 
over  pressure  caused  by  pumping  too  much  air  into  the 
receiver. 

When  air  is  compressed  its  temperature  rises,  the  rise  of 
temperature  becoming  greater  as  the  compression  increases. 
Iu  the  Diesel  engine  cylinders,  in  which  air  compression  to 
35  atmospheres  takes  place  in  one  stage,  the  temperature 
becomes  so  much  raised  that  combustion  of  the  oil  fuel  takes 
place  immediately  it  is  sprayed  into  the  cylinder.  In  the  air 
compressors  the  work  is  done  in  two  or  more  stages,  the  air 
being  cooled  after  each  stage,  so  that,  although  the  final 
pressure  is  higher  than  it  is  in  the  working  cylinders  of  the 
engines,  under  proper  working  conditions  a  very  high  tempe- 
rature is  not  at  any  time  reached.     It  is  stated  that,  under 


normal  conditions,  the  air  temperature  on  leaving  the  com- 
j)ressor  was  about  100。  C.  (212°  Fall.),  and  that  after  passing 
through  the  cooling  coil  this  was  reduced  to  40。  C.  (104°  Fah.). 
When,  however,  the  cooling  coil  became  partially  obstructed 
with  oily  deposits,  a  higher  pressure  had  to  be  obtained  in  the 
compressor  in  order  to  force  the  air  past  the  obstruction,  and 
in  these  circumstances  the  air  would  occasionally  attain  a 
temperature  of  300°  to  400°  C.  (572°  to  752°  Fah.)  before  being 
cooled,  and  60°  C.  (140°  Fah.)  after  cooling.  On  the  vessel's 
arrival  at  Stockholm  when  the  cover  to  the  air  compressor  of 
the  starboard  engine  was  removed,  a  quantity  of  black 
carbonaceous  matter  was  found  on  and  in  the  vicinity  of  the 
valve  and  in  the  air  channels.  In  the  port  compressor  the 
quantity  was  comparatively  small  and  the  surfaces  of  these 
parts  were  more  oily  and  clean. 

The  explanation  of  the  accident  appears  to  be  as  follows  ： 
The  lubricating  oil  used  is  a  hydrocarbon  oil  of  high  flash 
point.  The  compressor  passes  a  considerable  quantity  of  this 
oil  into  the  compressed  air.  Some  particles  become  deposited 
upon  the  surfaces  of  the  valve,  valve  chest,  cooling  spiral,  and 
pipe  connecting  the  cooler  with  the  air  receiver.  These 
particles  become  partially  dried  by  evaporation  of  their  lighter 
constituents  in  the  hot  and  dense  air  passing  over  them,  the 
residue  forming  the  tough  and  sticky  composition  which  was 
found  on  these  surfaces.  When  the  temperature  of  the  air  is 
exceptionally  high  this  sticky  composition  becomes  carbonised, 
or  cracked,  and  partially  transformed  into  carbon.  In 
ordinary  circumstances  the  particles  of  oil  which  do  not 
become  deposited  on  the  above-mentioned  surfaces  are  carried 
by  the  air  current  into  the  receiver  either  as  vapour  or  in 
the  form  of  "  oil  fog，"  which,  consisting  of  oil  intimately  mixed 
with  air,  form  an  explosive  mixture.  When  the  cooling  coil 
becomes  much  obstructed,  so  as  to  cause  the  temperature  of 
the  air  to  rise  considerably,  as  above  mentioned,  the  deposit 
in  the  pipe  becomes  spontaneously  ignited  and  the  heat  so 
generated  may  ignite  the  ((  oil  fog  ，，  in  the  receiver,  causing  an 
explosion  there. 

It  had  not  previously  been  generally  realised  that  there 
was  a  considerable  difference  in  the  behaviour  of  oil  in  highly- 
compressed  air  from  that  of  oil  in  air  at  ordinary  atmospheric 
pressure  at  the  same  temperature,  although  it  was  known  that 
it  was  dangerous  to  have  oil  in  contact  with  highly-compressed 
oxygen.  In  July,  1912,  a  serious  explosion  occurred  at  the 
Electric  Station  at  Bray,  Ireland.  A  report,  made  by  Mr.  G. 
S.  Taylor,  H.M.  Inspector  of  Factories,  of  the  Home  Office, 
has  recently  been  published  (September,  1913)  giving  par- 
ticulars of  the  accident  and  the  cause  of  the  explosion.  In 
this  report  it  is  stated  that  many  explosions  and  failures  of 
receivers  connected  with  air  compressing  plants  have  been 
recorded  in  the  past  which  h^ive  been  traced  to  the  presence 
of  lubricating  oil  in  the  receivers,  and  that  similar  explosions 
have  also  occurred  in  the  pipes  and  air  vessels  of  Diesel  engines. 
At  Barrow,  in  1911，  an  explosion  occurred  in  a  compressed  air 
receiver  pipe.  The  explosion  was  attributed  to  vapour  of  the 
lubricating  oil  forming  an  explosive  mixture  with  the  com- 
pressed air.  In  several  other  cases  the  explosions  have 
occurred  in  the  high-pressure  delivery  pipe  near  the  com- 
pressor. Generally  the  pipes  had  been  subjected  to  high 
temperature  and  contained  carbonaceous  deposits.  It  is 
mentioned  that  there  is  always  a  possibility  of  ignition  of  the 
oily  deposits  in  the  blast  vessel  by  a  "  back  fire  ，，  from  the 
cylinder  into  the  valve  casing  and  blast  pipe,  that  such  a  case 
is  known  to  have  occurred  in  a  marine  Diesel  engine,  in  which 
the  blast  pipe  was  burst  for  a  length  of  20ft. 

Mr.  Taylor  recommends  that  only  mineral  oil  with  a  very 
high  flash  point  should  be  used  for  lubricating  air  compressors, 
and  that  it  is  advisable  to  provide  special  oil  separators 
between  the  compressors  and  blast  vessels.  He  points  out 
that  only  rarely  are  means  provided  for  cleaning  or  examining 
the  interior  of  air  vessels  after  a  period  of  use,  and  that  it  is 
considered  by  some  engineers  that  the  oily  deposit  which 
accumulates  in  the  interior  is  an  advantage,  as  it  acts  as  an 
anti-corrosive  and  so  preserves  the  metal  ；  and  he  recommends 
that  air  vessels  should  be  cleaned  and  examined  periodically, 
say,  at  least  every  12  months. 

Besides  the  cases  quoted  by  Mr.  Taylor,  the  following  are  of 
interest.  At  one  works  the  high-pressure  air  pipes  are  now 
always  made  of  copper.  They  were  formerly  made  of  steel,  but 
several  accidents  occurred,  pieces  of  metal  being  burst  out  of 
the  pipes.    This  was  attributed  to  tlie  steel  pipes  not  possessing 
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suflicient-  duct  ilit  v,  and  so  。）p|"'r  is  now  used,  and  \v i i  1 1  1 1 1 i s 
metal  no  sucli  cnsiiaK  ics  have  occurred  .     I  n  t  lie  li^lit  ol'  r*  '  ' 
experience  it  is  probable  that  the  bursts  due  to  oil 

i^nit  ions  ； ind  not  i,o  f  aulty  material  of  the  pipes.  I  n  tlie  casr 
of  an  experiiiiciit al  Diesel  engine  an  explosion  a  steel  hi^h- 
jjressure  air  pipe  lias  occurred.  At  another  works  scvci'al  cases 
have  occurred  of  bursts  in  high- pressure  air  pipes.  Tl"'s" 
always  hajiixMicd  in  i  lur  piju's  conveying  the  hot  compressed 
air  to  the  cooler,  none  having  occurred  in  the  pipes  loading 
from  the  cooler  to  the  storage  receivers.  These  accidt'iit s  have 
led  the  iii'm  to  place  the  coolers  close  to  the  compressor  so  as 
to  minimise  the  dangerous  portion  of  pipe.  In  t】】ese  cases 
copper  has  always  been  the  material  used  for  the  pipes. 
Another  firm  stated  that  burstings  have  occurred,  in  tlieir 
experience,  in  pipes  conveying  hot  air  from  the  compressor  to 
the  coolers,  and  that  there  have  been  quite  as  many  accidents 
of  this  kind  to  pipes  attached  to  the  low-pressure  and  to  the 
intermediate-pressure  stages  of  compression  as  to  those  con- 
nected with  the  high-pressure  stage. 

An  accident  through  conibusiion  within  an  air  compressor 
was  discussed  in  a  contribut ion  from  Mr.  A.  11.  Ledoux,  of 
New  York,  to  the  Transactions  of  the  American  Institution 
of  Mining  Engineers  in  February,  1903，  and  was  referred  to 
in  Mr.  Taylor's  report.  In  this  case  the  air  compressor  was  a 
single  stage,  compressing  to  801bs.  per  square  inch,  and  was 
being  used  for  driving  some  mining  machinery  in  one  place 
and  for  ventilation  in  another  part  of  the  workings.  There 
was  no  explosion,  but  the  accumulated  oil  and  carbon  deposit 
in  the  delivery  pipe  took  fire,  made  the  pipe  red  hot,  and  the 
products  of  the  combustion  being  delivered  instead  of  pure  air 
led  to  the  death  of  two  of  the  workmen.  In  the  discussion 
which  followed  it  was  pointed  out  that  the  air  in  the  cylinder 
at  the  commencement  of  the  stroke  comes  from  three  sources, 
viz.  ：  (1)  The  air  left  in  the  clearance  space  on  the  previous 
stroke  ；  (2)  that  which  leaks  back  either  past  the  discharge 
valves  or  past  the  piston  ；  and  (3)  the  fresh  air  drawn  in  from 
the  atmosphere.  As  regards  (1),  this  is  at  first  heated  by  the 
compression,  but  by  expanding  back  to  the  atmospheric 
pressure  it  does  work  and  adiabatically  loses  its  temperature. 
As  regards  (2),  however,  as  it  expands  back  from  the  discharge 
pressure  to  the  intake  pressure  without  doing  work,  it 
maintains  the  temperature  it  bad  attained  on  discharge.  The 
effect  of  this  is  that  leakage  increases  the  initial  temperature 
of  the  charge  to  be  compressed,  and  with  it  the  temperature 
at  which  tne  air  will  be  discharged  at  the  end  of  the  com- 
pression. A  calculation  is  made  showing  that  a  5  per  cent, 
leak  in  the  case  of  the  compressor  in  use  would  increase  the 
temperature  by  39°  and  a  10  per  cent,  leak  by  85。，  and  it  is 
pointed  out  also  that  in  general  a  leak  is  a  constant  quantity, 
so  that  when  slowing  down  a  compressor  the  proportionate 
leakage,  upon  which  the  rise  of  temperature  depends,  becomes 
greater.  Besides  the  effect  of  leakage,  either  past  the  piston 
or  past  the  valves  of  the  compressor,  there  are  other  causes 
which  lead  to  the  compressed  air  having  higher  temperatures 
than  necessary. 

If  the  valve  passages  are  restricted  the  pressure  will  be 
considerably  raised  in  forcing  the  air  through  them.  The 
increased  pressure  will  be  accompanied  by  increase  of  tempe- 
rature, and,  as  in  the  case  of  the  air  leakage  referred  to,  the 
fall  of  pressure  when  the  restrictions  have  been  passed  will 
not  cause  a  lessening  of  the  temperature.  Another  cause  has 
been  pointed  out  by  one  of  the  makers  of  Diesel  engines.  The 
compressors  are  made  with  a  greater  capacity  than  is  necessary 
to  supply  the  net  quantity  of  air  required  for  ordinary  running 
in  order  to  replenish  the  reserves,  and  in  some  cases  of  twin- 
screw  engines  they  are  made  so  large  that  one  compressor  can 
supply  the  needs  of  both  engines.  Where  too  large  a  com- 
pressor is  kept  working,  its  air  supply  is  throttled,  so  that  only 
the  quantity  actually  required  is  drawn  into  it.  The  wire- 
drawing of  the  supply  leaves  the  air  at  the  same  temperature, 
but  lessens  its  initial  pressure,  and  so  increases  the  actual  ratio 
of  compression,  and  with  it  the  temperature  of  the  highlv- 
com pressed  air. 

It  will  be  seen  from  the  foregoing  what  an  important  ])art 
of  the  success  of  a  compressor  lies  with  the  lubricant .  The  oil 
itself  is  most  probably  more  easily  ignitable,  or  i^nital)!e  at  a 
lower  temperature  in  hi^hly-conipressed  air,  than  it  is  in  the 
ordinary  atmosphere,  as  is  known  to  be  the  case  in  compressed 
oxygen.  If  it  decomposes  under  the  influence  of  high  tempe- 
ratures or  pressures,  part  of  the  result  of  the  "  cracking  "  is  a 


li^liter  and  more  iiifl;ifriiiial>lo  oil.       It  is  t  hat  t  lu: 

carlionaceous  deposit  resulting  from  thf 小' (ompo.""oii  of  tlie 
oil  is  itself  spontaneously  ignitable  in  hi^h-prr'ssure  air  at  not 
very  high  temperatures.  If  tlie  oil  dvcomfx^cs  and  becomes 
sticky  it  will  tend  to  clog  tlie  passages,  and  also  to  interfere 
with  the  action  of  t  he  valves,  making  them  leaky.  lioth 
these  occurrences  will  lead  to  higlier  temperatures,  anW  ', 
accentuate  the  evil,  especially  in  the  case  of  separately  driven 
corn  pressors,  which  will  naturally  be  driven  faster  to  corn 
pensate  for  loss  of  output  due  to  leakage.  The  difficulties  will 
therefore  be  increasing  ones.  It  lias  Ih-cii  mij; 乂 that  、iiHi 
cient  lubricating  oil  is  carried  over  from  the  first  and  second 
stages  to  supply  all  that  is  needed  for  the  high-pressure  "  —  '  . 
and  that  consequently  there  would  not  be  much  oil  leave  this 
stage  to  enter  the  receiver.  It  may  be  pointed  out,  however, 
that  risk  occurs  at  each  stage  of  the  compressions,  that  i*x|»|f> - 
sions  of  the  connecting  pipes  between  the  stages  have  occurred, 
and  that,  although  an  explosion  of  a  pipe  would  not  cause  so 
much  damage  as  that  of  a  receiver,  yet  it  would  equally  put 
the  engine  out  of  action  until  repairs  were  made. 

These  considerations  point  to  the  importance  of  having  t  lit* 
total  compression  performed  in  at  least  three  stages  with  inter- 
coolers,  so  as  to  lessen  the  maximum  temperature  obtained  at 
either  stage,  and  also  to  the  importance  of  having  the  passage 
of  the  air  from  the  compressor  to  the  coolers  as  direct  and 
short  as  possible,  and  to  have  these  pipes  and  the  coolers  easily 
accessible  for  cleaning  and  clearing  in  the  event  of  any  deposits 
occurring  in  them.  They  also  point  to  the  fact  that  oil 
experts  must  turn  their  attention  to  the  production  of  an 
oil  which  will  stand  not  only  high  temperatures,  but  high 
temperatures  in  conjunction  with  high  air  pressures  without 
either  cracking,  vaporising,  or  dispersing  into  oil  fog. 

Referring  to  the  experience  gained  from  the  number  of 
Diesel-engined  vessels  now  running,  both  as  to  their  reliability 
and  their  suitability  for  general  service,  it  will  be  useful  to 
note  the  action  taken  by  shipowners  who  have  obtained 
their  experiences  from  their  own  vessels.  The  Anglo-Saxon 
Petroleum  Company  and  their  allies,  who  have  now  had  con- 
siderable experience  with  the  "  Vulcanus"  and  "  Juno,"  have 
no  less  than  seven  vessels  now  in  course  of  construction,  which 
will  be  fitted  with  Diesel  engines.  Of  these,  three  will  very 
shortly  be  running.  They  appear  to  have  been  cautious  in 
not  attempting  large  powers  on  one  shaft,  as  they  have  adopted 
twin  screws  in  vessels  which,  had  they  been  fitted  with  steam 
engines,  would,  without  question,  have  been  single  screw>. 
The  East  Asiatic  Company  have  given  the  greatest  impulse 
to  the  movement.  They  started  with  perfect  confidence  by 
ordering  the  "  Selandia  "  and  two  sister  vessels,  and  they  have 
now  five  vessels  running,  and  four  others  in  course  of  construc- 
tion by  Messrs.  Burmeister  &  Wain,  of  Copenhagen.  They 
also  have  arranged  to  take  out  the  steam  engines  from  three 
vessels  of  their  fleet  and  to  fit  them  with  Diesel  engines  made 
by  Messrs.  Burmeister  &  Wain，  of  Glasgow.  This  sho\N>  tlu- 
absolute  confidence  which  the  company  has  both  in  their 
reliability  and  also  in  their  suitability  for  trades  in  which  a 
plentiful  and  cheap  oil  fuel  oil  supply  can  be  obtained.  The 
Copenhagen  firm  of  Burmeister  &  have  also  in  course  of 

building  four  vessels,  which  will  have  Diesel  engines,  for  the 
owners  of  the  "  Suecia  "  and  "  Pedro  Christopherson/'  The 
Glasgow  firm  of  Messrs.  Burmeister  <fe  Wain,  besides  the 
engines  for  the  three  vessels  mentioned,  are  constructing  Diesel 
engines  for  six  twin-screw  vessels  being  built  by  Messrs. 
Harland  &  Wolff  at  Glasgow,  and  are  preparing  plans  for  a 
single-screw  vessel,  which  will  have  eight  cylinders  slightly 
larger  than  those  fitted  in  the  "  Fionia,"  which,  up  to  the 
present,  are  the  largest  yet  put  into  sea  service.  The  running 
of  the  "  Fordonian,*'  '•  Kolandseck,"  and  also  of  the  "  Monte 
Penedo  '，  and  "  Eavestone,"  since  the  new  pistons  were  fitted, 
shows  that  the  2-cycle  engine  can  be  made  as  reliable  as  the 
4 -cycle.  The  principal  point  upon  which  experience  is  now 
desired  is  as  to  whether  the  large  sizes  can  be  made  as  reliable 
as  the  smaller  ones.  The  "  Fionia  "  will  be  carefully  watched, 
as  hers  are  the  largest  cvliiulers  vet  ;illo;it . 

It  is  outside  the  scope  of  this  j)a|»er  to  deal  with  the 
question  of  oil  supplies.  This  will  be  a  vital  one,  as  it  is  only 
the  question  of  all-round  economy  wliioh  will  induce  ship- 
owners to  depart  from  tlieir  old  well-tried  servant,  the  stean; 
engine,  and  it  is  worthy  of  special  notice  that  the  East  Asiatic 
Company,  who  have  given  the  greatest  impulse  to  marine 
Diesel  engines,  are  having  built  at  the  present  time  three  new 


418 


THE    MECHANICAL  ENGINEER. 


[May  1,  1914 


"OJ  /m   〃6Z  〃S6    //50  f/SO Tef77p.,r7°C 

z     *     s     d     io    "Pass  No. 

Fig.  2. —Test  1.  Bloom  1.  Billets  50  x  50mm. 

A.  Bending  moment  ot  middle  roll  in  metric  tons.  B.  Average  efficiency, 
excluding  running  empty,  in  b.p.  C.  Average  revolutions.  D.  Total  turning 
movement  in  metric  tons.  E.  Turning  movement  of  upper  or  lower  roll  in 
metric  tons.   F.  Calculated  stress  of  middle  roll  in  kg.  per  sq.  cm. 

work  done  is  a  comparatively  small  part  of  the  energy  used, 
namely,  only  from  27'3  to  69*8  per  cent.  A  full  account  of 
these  tests  is  given  in  "  Stahl  unci  Eisen  ，，  for  January  1st 
and  8th,  1914. 


POWER  REQUIRED  TO  OPERATE  A  METAL  MIXING  MACHINE. 

The  results  of  some  interesting,  tests  made  to  ascertain  the 
power  required  to  operate  a  600-ton  hot  metal  mixer  installed 
in  the  works  of  the  Pittsburg  Crucible  Steel  Comp;mv, 
appeared  in  a  recent  issue  of  "  The  Iron  Trade  Review." 
The  mixer  has  a  length  of  40ft.,  a  width  of  13ft. ，  and  a  height 
of  29ft.  It  is  lined  with  firebrick  18in.  in  thickness  and 晷 
placed  on  two  cast-steel  roller  bands,  which  rest  on  14  cast-iron 
rollers  mounted  in  extra  heavy  cast-iron  stands.  The  tilting 
mechanism  is  operated  by  means  of  a  triple  thread  screw 
connected  through  gears  to  two  reversing  motors,  each  having 
a  rated  capacity  of  150  h.p.  at  470  revs,  per  minute.  The 
screw  is  immersed  in  oil  and  is  provided  with  a  marine  tvpe 
thrust  bearing.  The  motors  operate  on  230-volt  direct  current. 
When  tilting  the  mixer  down  they  are  connected  in  series  and 
when  tilting  it  up  are  operated  in  parallel.  The  object  of  this 
arrangement  is  to  obtain  a  quick  return.  The  following  table 
sliows  the  power  required. 


Direction. 

Kunning. 

R.P.M. 
of  Arina- 
tui'e.  * 

H.P. 

TiiiK'. 

Sec. 

Starting. 

H.P. 

Volts. 

Amps. 

Volts. 

Max. 
Aniiis. 

Tilting  mixer  do、vii    . . 

228 

KiO 

310 

'39-7 

44 

225 

453 

137 

260 

230 

79-4 

Ri'turning  mix  or  up  . . 

225 

240 

730 

72-4 

19 

215 

800 

230 

The  figures  indicate  that  137  h.p.  is  necessary  to  start  the 
mixer  downward  and  230  h.p.  to  start  it  upward.  After 
it  is  in  motion  a  maximum  of  79.4  h.p.  is  absorbed  in  tilting 
downward  and  72*4  h.p.  in  tilting  upward.  These  readings  were 
taken  with  the  mixer  eni])ty. 


《. 


A, 


？厂 


Time  in  Pass  in  Seconds 

Fig.      Koll  Prkssurk.  Test  No.  1.  Bloom  3.  Billets  50  x  50mm. 

Results  are  then  given  of  the  surface  pressures  on  the  roll 
bearings,  which  show  extremely  high  values  up  to  300  kg.  to 
400  kg.  per  square  centimetre.  These  high  values  cause  high 
friction  losses,  the  friction  mostly  generating  heat.  The 
fimount  of  heat  is  so  great  that  only  vigorous  water  cooling, 
as  used  in  all  mills,  keeps  the  bearings  sufficiently  cool.  This 
friction  causes  a  great  loss  of  power,  and  should  receive  much 
more  attention  than  it  does  at  present.  The  \  二 rious  losses 
were  calculated  to  percentages.     The  motor  loss  varies  from 


vessels  which  will  be  fitted  with  the  steam  machinery  displaced 
from  three  other  vessels  by  Diesel  engines,  the  reason  being 
that  the  new  steamers  will  be  employed  upon  a  service  in 
which  coal  is  comparatively  cheap  and  oil  comparatively  dear. 
When  the  performances  of  the  vessels  are  carefully  considered, 
allowances  made  for  the  fact  that  with  all  new  introductions 
difficulties  must  occur,  that  some  of  the  casualties  which  have 
occurred  have  been  due  to  causes  which  have  no  connection 
with  the  Diesel-engine  principle,  and  that  the  others  have  been 
remedied  when  they  appeared,  there  is,  in  the  writer's  opinion, 
no  reason  to  doubt  that  in  a  very  short  time  still  larger 
installations  will  be  successfully  made,  and  that  the  Diesel 
engine  will  be  recognised  as  being  equally  reliable  with  the 
steam  engine. 

(To  be  continued.) 


ROLL  PRESSURE  INVESTIGATION, 

In  a  recent  issue  of  "  The  Iron  Age  ，，  reference  is  made  to  some 
tests  by  Dr.  J.  Puppe,  of  Breslau,  on  four  different  three-high 
mills  at  the  Peine  steel  plant  to  ascertain  the  roll  pressures 
and  power  requirements  when  rolling  billets,  &c.  The  four 
mills,  each  furnished  with  a  flywheel,  had  rolls  the  greatest 
diameter  of  which  was  22*44in.,  30'7in.，  33'46in.，  and  35*43in. 
respectively.  The  three  latter  were  driven  by  steam  engines, 
and  the  first  one  with  a  direct-current  motor.  On  this  account 
satisfactory  measurements  regarding  efficiency  were  only  made 
on  the  first  mill.  Altogether  the  rolling  pressures  were 
obtained  while  rolling  101  blooms,  and  in  the  case  of  46  the 
power  used  was  also  determined  at  the  same  time.  Fig.  1 
shows  several  characteristic  pressure  curves  taken  while  rolling 
billets  on  the  22'44in.  mill.  In  this  case,  as  in  many  others, 
a  striking  thing  is  that  the  pressure  on  the  rolls  considerably 
increases  after  the  beginning  of  the  rolling,  to  again  diminish 
towards  the  end .  In  all  such  cases  it  was  noticed  that  the 
central  part  of  the  bars  was  considerably  colder  than  the  ends. 
The  pressures  reached  are  considerable,  the  highest  being 
about  163  tons  with  the  22*44in.  mill,  about  262  tons  vvith  the 
307in.，  and  around  583  with  the  35*43in.  mill.  These  are 
pressures  that  thus  far  have  scarcely  been  assumed,  especially 
for  mills  rolling  structural  steel,  when  calculating  for  housings, 
&c.  Fig.  2  shows  values  regarding  the  rolls.  In  all  the  tests 
it  was  found  that  often  the  allowable  limits  of  stress  were 
exceeded  both  with  cast  iron  and  steel  rolls.  At  the  same 
time  it  was  found  that  the  greatest  stresses  do  not  always  come 
in  the  centre  of  the  roll,  but  very  often  at  other  places.  The 
results  obtained  along  this  line  appear  to  be  sufficiently  exact 
so  that  calculations  of  the  expected  stresses  can  be  made  in 
regard  to  proposed  rolling  designs,  and  changes  made  if  neces- 
sary so  as  to  relieve  the  stresses  in  the  middle  of  the  roll. 


7  to  9'5  per  cent.,  according  to  the  load  put  on  the  motors. 
The  loss  through  running  idle  varies  from  9  to  62*9  per  cent, 
of  the  total  power  consumed.  Losses  of  50  per  cent,  are  not 
uiK'oninion.  The  amount  consumed  by  the  bearing  friction 
varies  greatly,  from  about  17  to  49  per  cent.      The  effective 
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THE  OPERATION  AND  UPKEEP  OF  ELECTRIC  MOTORS.* 

BY  E.  F.  BUTLER. 

(Concluded  from  page  S90.) 
When  the  motor  runs  all  day  and  is  only  st"! 屮 at  meal 
times,  a  plain  starter  with  a  no-voltage  release  will  usually  he 
sufficient.  The  lum'tioii  of  a  starter  is  to  st;u  t  Uie  motor  ；  it 
is  not  intended  to  be  used  as  a  switcli.  If  the  circuit  is  to  \n- 
made  or  broken  it  should  be  done  by  means  o「  a  suitable 
switch  wliich  makes  and  breaks  quickly,  and  preferably  has 
auxiliary  carbon  contacts  and  a  inagnetic  blow-out,  All 
contacts  should  be  renewable  from  the  face.  Except  at  start- 
ing no  current  sliould  pass  tlirou^li  the  static!-  arm  or 
spindle.  The  cover  should  be  so  constructed  tliat  it  can  lie 
removed  without  interfering  witli  the  cables,  and  that  it 
is  not  possible  for  the  current  to  arc  on  to  it. 

The  resistance  coils  should  be  vertical  and  fn-rnly  sup- 
ported, and  when  wound  on  uralite  or  ashostos  sliould  have 
earthenware  ends.  It  is  an  advantage  to  have  tlie  slate  and 
coils  mounted  so  that  they  can  be  lifted  out  together  without 
disturbing  the  connections.  As  an  alternative  the  case  may 
be  fitted  with  four  removable  covers. 

The  no- volt  coil  should  be  wound  so  as  to  release  the  arm 
before  the  motor  is  at  half  speed,  and  the  iron  keeper  should 
be  fitted  with  brass  adjusting  screws  f6r  this  purpose.  The 
ends  of  the  coil  should  be  connected  to  terminals  on  the  oppo- 
site side  to  the  starter  arm.  This  is  necessary,  as  cases  have 
occurred  in  wliich  the  coil  ends  have  got  trapped  between  the 
arm  and  the  magnet  and  caused  trouble  by  breaking  the  shunt 
circuit.  Although  the  no-volt  coil  is  usually  connected  in  series 
with  the  shunt  field,  this  is  not  always  the  best  way.  A  varia- 
tion in  speed  of  3  to  1  by  means  of  shunt  regulation  is  com- 
mon, and  at  the  higher  speeds  the  field  current  is  often  too 
small  to  keep  the  arm  up.  Also  to  comply  with  the  Home 
Office  requirements  it  is  sometimes  necessary  to  arrange  to 
stop  the  motor  from  several  points.  In  such  cases  the  no-volt 
coil  sliould  be  connected  in  series  with  a  resistance  and  as 
many  push  buttons  as  necessary,  and  placed  across  the  mains. 
Then  by  pressing  a  button  the  hold-up  circuit  is  broken  and 
the  arm  flies  back.  When'  it  is  necessary  to  regulate  the 
speed  of  the  motor  by  introducing  resistance  in  the  field  cir- 
cuit it  is  important  to  provide  an  electrical  interlock  so  that 
it  is  impossible  to  start  the  motor  up  on  a  weak  field.  This, 
especially  in  printing  equipments,  is  the  cause  of  a  great  deal 
of  trouble,  burning  of  contacts,  and  flashing  over  in  motors. 

One  way  of  doing  this  is  to  use  a  starter  with  two  arms. 
The  first  arm  starts  up  the  motor  in  the  usual  way,  the  field 
resistance  being  short-circuited  until  the  arm  is  at  "  full  on  " 
position.  In  this  position  the  other  arm  can  be  moved  until 
the  desired  speed  is  obtained.  When  the  current  is  shut  off 
both  arms  drop  back  and  the  field  resistance  is  again  short- 
circuited.  In  the  case  of  motors  having  to  start  up  under  a 
heavy  load,  it  is  often  advisable  to  have  a  starter  of  somewhat 
larger  capacity  than  the  motor.  】f  on  the  other  hand  the 
motor  can  be  started  up  light,  a  starter  of  smaller  size  can  be 
used.  The  greatest  trouble  with  starters  is  due  to  getting 
the  arm  on  the  first  contact  and  then  moving  it  back  to  woff" 
position.  A  destructive  arc  is  set  up  which  burns  the  con- 
tacts, and  often  arcs  to  the  cover.  It  is  better  to  do  away 
with  the  "  off  "  position  altogether,  and  replace  the  stud  or 
segment  on  which  the  arm  rests  when  in  the  "  off  "  position 
by  a  metal  one  connected  to  the  first  section  of  the  resistance. 
Then  the  motor  gets  current  as  soon  as  the  switch  is  closed, 
and  all  making  and  breaking  of  current  must  take  place  on 
the  main  switch.  This  was  done  on  a  70  h.p.  motor  working 
at  480  volts  and  taking  twice  full-load  current  at  starting. 
After  two  years  the  contacts  are  as  good  as  new,  and  show 
no  signs  of  wear. 

In  a  number  of  instances  the  no- volt  coil  gives  trouble  by 
working  loose  on  the  slate,  and  it  is  well  to  anticipate  this 
by  the  use  of  either  lock  nuts  or  small  spring  washers. 
Another  fitting  that  has  the  habit  of  working  loose  is  the 
stop-block  or  buffer,  on  which  the  starter  arm  rests.  Here 
again  lock  nuts  or  washers  may  prevent  damage,  and  should 

*  Abstract  of  an  informal  paper  read  before  the  Junior  Institution  of  Knyiiu'rrs, 
February  27th,  1914,  and  reproduced  from  the  "Electrical  Review.' 1 


the  arm  have  a  powerful  spring,  two  buffers  should  he  fitted 
ho  that  the  arm  hits  hotli  of  tliorn.  Autornatir  、f ;"•，'".、， 
generally  speaking,  require  very  little  upkeep.  Tli«*  |>liniL"*i  ^ 
sliould  he  coppered,  or  tlie  solenoids  lined  with  tliiit  brass  tube 
to  prevent  sticking.  Carl)on  contacts  sliould  1)'*  lit  ted  whicli 
definitely  make  contact  before  and  break  after  the  main  con- 
tacts. P ractically  all  forms  of  automatic  starters  are  fitted 
with  a  resistance  which  is  inserted  in  scries  witli  the  lifting 
coil  when  the  plmiger  is  at  the  end  of  its  stroke  :  most  ot' 
the  trouble  in  this  type  of  apparatus  arises  fvoui  tli 卜 resis- 
tance. It  is  well  to  replace  such  resistances  with  carl>on 
filament  lamps  mounted  in  back  plate  lioldcr.^. 

To  facilitate  the  cleaning  and  inspection  of  motors  a  small 
wall  socket  should  be  fitted  whenever  possible,  control lf*<l  hy 
a  fuse  and  tumbler  switch  and  connected  to  the  live  side  of 
the  motor  switch.  This  can  be  used  for  an  inspection  lamp, 
and  if  the  size  of  the  installation  warrants  it,  for  a  small 
power  blower  to  remove  the  dust  and  dirt  from  the  motor  and 
also  from  the  control  gear.  The  cost  is  not  excessive.  When 
open-type  motors  have  to  work  under  bad  atmospheric  condi- 
tions, such  as  acid  fumes,  special  precautions  are  necessary. 
The  motors  should  be  taken  apnrt  and  well  coated  with  a 
good-quality  acid-resisting  enamel ― armature,  field  coils, 
frame  work,  brush  spindles,  and  insulators,  as  imu-h  of  the 
brush-holders  as  possible,  and  even  the  pigtails  of  the  brushes. 
The  commutator  should  be  cleaned  frequently  and  vaseline 
applied  frequently  while  the  motor  is  running.  The  starter, 
switch,  and  fuses  should  be  treated  in  a  like  manner.  Motors 
so  treated  can  l)e  worked  under  very  bad  conditions  without 
giving  trouble.  The  running  of  motors  fitted  with  fans  in 
dusty  places  can  often  be  improved  by  enclosing  them  in  a 
box  and  running  sheet-iron  pipes  to  the  outside  of  the 
building. 

The  greatest  trouble  with  the  ordinary  direct-current 
motor  arises  at  the  commutator  or  brush  gear,  and  usual Iv 
shows  itself  in  the  form  of  sparking.  There  are  in  all  about 
36  different  causes  of  sparking.  The  most  common  of  these 
troubles  is  high  mica  or  low  segments,  usually  termed  flats. 
In  the  case  of  belt-driven  machines  about  90  per  cent,  of  the 
fiats  are  due  to  bad  joints  or  unsuitable  belt  fasteners. 
Excepting  in  the  smallest  sizes  all  belts  should  be  pronerlv 
spliced  and  sewn.  Other  causes  of  flats  may  be  looked  for 
in  flywheels  out  of  balance,  gears  irregularly  worn,  or  motors 
unsuitably  wound  for  their  work,  such  as  plain  shunt  motors 
on  flat-bed  printing  presses,  punches,  or  planers.  As  a  make- 
shift the  mica  can  be  cut  slightly  below  the  surface  or 
recessed.  Another  cause  of  sparking  is  lack  of  tension,  and 
is  generally  caused  by  neglecting  to  increase  it  as  the  brushes 
wear  down.  Sparking  is  also  caused  by  brushes  not  fitting 
properly. 

Some  of  the  softer  varieties  of  brushes  swell  when  hot 
and  stick  in  the  holders.  A  too  loose  fit  on  the  other  hand 
will  cause  chattering,  and  in  a  reversing  motor  will  raw"' 
two  wearing  surfaces,  finally  becoming  rounded  or  wedge- 
shaped  at  the  end.  This  will  also  in  time  wear  the  holder 
out  of  shape.  This  fault  is  aggravated  if  the  holder  is  too 
far  away  from  the  com  mutator.  The  proper  distance  from 
the  bottom  of  the  holder  to  the  face  of  the  fonimutator  should 
be  from  Jin.  to  ^in.  One  type  of  holder  which  swings  from 
the  spindle  and  grips  the  brush  in  a  claw  at  the  end,  although 
not  much  used  now,  is  common  to  a  number  of  the  older 
machines.  If  the  brush  wears  down  or  falls  out,  as  it  very 
often  does,  the  holder  drops  on  to  the  commutator  and  damage 
is  done  to  both.  One  way  of  preventing  this  is  to  drill  a  hole 
in  the  tip  of  the  holder  and  fit  a  small  peg  or  stop  of  insulat- 
ing material  to  prevent  the  holder  from  making  contact  with 
the  commutator.  A  better  way  is  to  scrap  the  holders  ami 
replace  them  by  others  of  the  box  type  ；  very  often  an  old 
type  of  motor  may  be  brought  up  to  date  and  its  perform- 
ance improved  by  the  substitution  of  a  more  modern  type  of 
brusli  gear.  It  is  often  possible  bv  slightly  modifying  the 
holders  to  use  up  more  of  the  brush  and  so  reduce  the  r(>、t  " 
running.  In  some  machines  the  brush  has  to  be  replaced 
when  less  than  half  of  it  has  worn  away. 

Many  machines  are  sent  out  with  the  oil  overflow  set  too 
high,  and  require  adjusting  so  that  the  oil  comes  out  of  the 
overflow  instead  of  getting  into  the  motor.  In  motors  hav- 
ing fans  or  in  which  the  armature  acts  as  a  fan,  oil  creeping 
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is  soniowliat  roinnion  and  on n  ofton  iio  cured  }>y  fitting  a  cap 
over  the  end  of  t  lie  coiniMtilator  hearing,  and  an  iron  plate  or 
piece  of  leather  on  the  driving  end  lifting  closely  to  tlio 
shaft.  Another  cause  of  trouble  is  due  to  the  oil  grooves 
inside  the  bearing  extending  for  part  of  the  way  alon^  tlie 
bearing  and  then  terminating.  When  this  is  the  case,  a 
recess  should  be  turned  in  each  oiul  of  the  bearing,  the  oil 
grooves  led  into  it,  and  a  small  hole  drilled  thi'ou^li  t\\o 
grooves  at  the  bottom  of  the  bearing  to  return  the  oil  into 
the  well.  Very  often  the  oil  grooves  are  too  small,  ； uul  c;u» 
witli  advantage  be  made  wider  and  deeper. 


EFFECT  OF  SCALE  ON  BOILER  WORKING. 

BY  K.  BARTLETT. 

Probably  the  greatest  loss  caused  by  the  average  hard  water 
is  due  to  the  formation  of  scale  on  the  heating  surfaces  of  the 
boiler.  Scale,  being  a  non-conductor  of  heat,  tends  to  insulate 
the  heating  surfaces  of  the  boiler  frojn  the  water  wit liin,  so 
that  to  evaporate  the  same  amount  of  water  a  greater  amount 
of  fuel  must  be  used  when  the  surfaces  are  scaled  than  when 
they  are  clean.  As  the  amount  of  this  loss  depends  directly 
n pon  tlie  thickness  and  composition  of  tlie  scale,  the  ainount 
of  heating  surface  covered,  the  type  of  boiler  and  the  operating- 
conditions,  it  is  impossible  to  state  definitely  wlu'it  the  loss 
would  be  in  any  individual  case.  There  have  been  a  great 
many  purely  scionl  ilic  experiments  made,  the  results  of  which 
demonstrate  thoroughly  that  an  excess  amount  of  fuel  is  neces- 
sary to  produce  results  on  scaled  boilers.  In  one  case  of  a 
locomotive  where  the  heating  surfaces  were  covered  with  scalo 
ranging  from  -.^in.  to  ^in.  in  thickness,  it  was  found  that 
the  locomotive  would  evaporate  12*6  per  cent,  more  water 
after  cleaning  than  when  the  tubes  were  scaled,  the  net 
increase  in  fuel  consumption  in  this  boiler  being  9'55  per  cent. 
Another  series  of  tests  on  scaled  boiler  tubes  taken  from  diffe- 
rent boilers  showed  that  the  amount  of  fuel  required  to  tiaiis 
mit  the  same  amount  of  heat  through  the  tubes  varied  from 
5  96  to  15.75  per  cent.,  depending  upon  the  thickness  of  scale. 
This  fuel  loss  not  only  occurs  in  the  boilers,  but  in  enclosed 
heaters  and  economisers  as  well.  In  addition  to  the  cost  of 
this  waste  fuel,  the  cost  of  handling  the  ooal  and  the  ashes 
resulting  from  it-  must  also  be  considered.  In  a  number  of 
cases  the  loss  of  fuel  is  not  as  important  as  the  loss  of  efficiency. 
The  insulating  properties  of  the  scale  lower  the  efficiency  of 
the  boilers,  as  it  is  impossible  to  force  as  much  heat  through 
a  scaled  tube  or  sheet  as  through  a  clean  one.  This  lowering 
of  efficiency  frequently  reduces  the  actual  capacity  below  tlie 
demand,  so  that  additional  equipment  is  required  to  carry  the 
load.  If  this  has  to  be  installed  there  is  another  charge  which 
must  be  placed  directly  against  the  effect  of  hard  water. 
While  stokers  or  other  apparatus  are  sometimes  installed  to 
overcome  this  loss  in  efficiency,  at  the  same  time  they  have  a 
tendency  to  decrease  the  percentage  of  efficiency,  as  the 
additional  evaporation  causes  more  scale  to  be  deposited  with 
a  furiber  reduction  in  the  actual  efficiency.  The  presence  of 
scale  m  water-tube  boilers  decreases  the  available  heating 
surface  by  building  up  upon  the  tube  and  decreasing  the  area. 
The  general  practice  with  scaled  boilers  is  to  put  them  out  of 
service  and  remove  the  scale  by  mechanical  cleaners,  and  the 
cost  of  this  woi'k，  together  with  the  investment  on  the  tools 
used,  must  also  be  taken  into  consideration.  Foaming  and 
priming  of  boilers  is  often  caused  by  the  presence  of  certain 
scale-forming  ingredients  in  combination  with  organic  or 
suspended  matter.  A  foaming  boiler  by  mechanically  carry- 
ing water  from  the  boiler  greatly  decreases  the  steaming 
capacity,  and  in  addition  there  is  the  danger  of  getting  water 
into  the  engine  cylinders,  which  tends  to  reduce  the  effect  of 
lubrication  and  cut  both  the  cylinder  and  the  pistons.  After 
a  boiler  is  cleaned,  the  amount  of  fuel  required  to  place  it  in 
service  is  directly  chargeable  against  scale,  as  the  boiler  was 
in  operating  condition  at  service  pressure  when  it  was  taken 
off  for  cleaning.  The  amount  of  coal  required  to  accomplish 
this  is  approximately  2,0001bs.  per  100  boiler  horse-power, 
and  its  cost  can  be  estimated  directly  by  the  number  of 
B.T.XJ.  which  are  required  to  raise  the  temperature  of  the 
water  in  the  boiler  from  200°  Fah.  to  338°  Fah.,  which  corre- 
sponds to  a  gauge  pressure  of  lOOlbs.  As  a  1001]. p.  boiler 
holds  approximately  190  cub.  ft.  of  water,  it  will  require 
12,O65，000  B.T.XJ.  to  put  the  boiler  into  service  at  lOOlbs. 


])rossuro,  wliicli  will  tliooioticall v  roc|uiro  1  ，1  .—)(、n>s.  of  coal, 
contjiiiiiii^  10,000  H.T.U.  per  pound,  or  】'r)3:))llw.  if  75  per 
cent,  boiler  efficiency  is  maintained.  As  a  matter  of  fact,  the 
aitiount  of  coal  required  will  he  approximately  2，0001bs.  to 
take  care  of  the  amoiuit  of  heat,  absorbed  by  the  furnace  and 
the  masonry  work.  Scale  and  corrosion  are  responsible  for  a 
large  mmiber  of  boiler  repairs,  many  of  which  are  caused  by 
burnt  or  ru])tured  slieets  or  tubes  that  have  become  overheated 
througli  the  insulating  effect  of  scale. ― "  The  Iron  Age." 


PREPARATION  OF  PHOSPHOR-TIN. 

BY  THOMAS  ADAMS. 

Tin  has  a  natural  affinity  for  phosphorus  and  can  he 
successfully  introduced  into  it  if  the  temperature  of  the 
molten  tin  is  maintained  at  not  over  490°.  An  ordinary  zinc  or 
l)l>itt  kot  I  lo  may  l)e  used  for  this  purpose  with  an  iron  crtvor 
； i nd  iron  box  exteiiding  down  over  the  bottom  of  the  cover  to 
act  as  a  pliosplioriser.  The  iron  hox  is  perforated  in  order 
that  the  phosphorus  may  enter  tlie  metal  freely  from  the  sides 
and  l)ase  of  tlio  pliosplioriser.  Many  accidents  mav  he 
prevented  hy  allowing  tlie  phosphorus  to  stand  in  a  5  per  cent, 
copper  sulphate  solution  for  a  period  of  three  hours,  thus 
c;iusiiii(  the  phosphorus  to  become  plated  with  copper.  A 
wooden  box,  lead  lined,  or  some  large  glass  receptacle  may  be 
used  for  this  jmrposo.  The  phosphorus  can  then  he  handletl 
without  any  danger  ；  in  fact  it  may  be  exposed  to  the  atmo- 
sphere for  two  or  three  hours  before  it  will  show  any  sign  of 
ignition,  clue  to  the  plating  of  copper  over  the  p]ios])liorus. 
Another  advantage  of  having  this  copper  plating  is  that  it 
gives  the  phosphorus  a  chance  to  be  】iierge(l  into  the  molten 
tin  before  expansion  takes  place.  In  making  phosphorus  tin 
use  the  best  quality  of  tin  to  l)e  had.  By  so  doing  you  will 
have  a  higher  efficiency  in  the  manufacture  of  this  metal. 
One  per  cent,  of  lead  will  cause  a  loss  of  phosphorus  and  create 
more  than  10  per  cent,  of  skimmings.  The  reason  for  this  is, 
that  phosphorus  has  no  affinity  for  】ead  and  acts  as  a 
scavenger.  A  number  of  firms  phospliorising  tin  containing 
from  1  per  cent,  to  6  per  cent,  of  lead  think  they  sliow  a 
saving,  but  such  is  not  the  case,  liowever,  and  they  are  only 
fooling  tliettiselves.  The  temperature  and  the  good  quality  of 
the  tin  control  the  success  of  making  pho^jjhor  tin. ― "  The 
Brass  World." 


HINTS  ON  MINING  ELECTRICAL  PLANT. 

A  paper  on  this  subject  was  read  by  Mr.  J.  A.  Kerr  before  the 
West  of  Scotland  branch  of  the  Association  of  Mining  Elec- 
trical Engineers,  lield  in  Glasgow  on  the  22nd  ult.  The 
author  pointed  out  that  in  these  days  of  earthing  and  armour- 
ing throughout  it  took  some  courage  to  say  anything  against 
that  practice.  Personally  he  was  in  favour  of  armouring  and 
earthing  if  that  could  be  properly  carried  out  and  maintained, 
but  in  certain  cases  this  was  impracticable.  Indeed,  lie  felt 
tli at  the  time  and  money  spent  in  efforts  to  carry  it  out 
would  be  better  utilised  in  making  tlie  insulation-  proof 
against  the  need  of  these  devices  and  in  providing  extra 
copper  at  lowor  pressures.  As  a  rule  it  would  be  much  safer 
on  small  installations  if  earthing  were  not  resorted  to  until 
it  was  found  possible  to  get  a  sufficient  difference  of  poten- 
tial between  eacli  piece  of  apparatus  and  earth  to  cause 
danger.  In  many  mines  in  the  West  of  Scotland  much  could 
be  said  for  the  unarmoured  unearthed  system.  The  fact  was, 
however,  that  other  industries  offered  attractions  and  less 
onerous  conditions  to  skilled  electricians  who  had  not  had 
time  to  succumb  to  the  fascination  of  mining  work,  with  the 
result  that  men  competent  to  keep  the  earthing  right  were 
hard  to  retain.  Amongst  other  things,  the  author  advocated 
that  machines,  motors,  and  switchgear  should  be  standardised, 
thus  enabling  spares  to  be  stocked  and  allowing  repairs  to  be 
quickly  carried  out.  At  present  some  electrical  men  seemed 
to  think  that  the  colliery  was  run  for  the  electrical  installa- 
tion and  not  vice-versa.  This  attitude  did  an  immense  amount 
of  harm,  and  it  behoved  those  who  were  operating  and  main- 
taining plant  to  exercise  the  strictest  economy  consistent  witli 
safety  and  efficiency,  not  only  for  their  own  good  but  also  for 
the  welfare  of  the  mining  and  electrical  industries. 
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MANUFACTURE  OF  SMALL  STEEL  CASTINGS, 

BY  C.  S.  KOCH. 

TriK  remarks  in  this  paper  are  confinod  1o  cast in<;s  ol"  J^iii. 
nipfal  lino  and  under,  wei^liin^  not  ovor  5()!l>s.  rarli,  and 
excluding  so-called  railroad  rar  castings.  Tiic  suhjort  may 
|»o  discussed  under  tliree  (nil'erciit  lieads  ：  ( 1  )  Tlio  ]>rnduri  inn 
of  the  steel.  (2)  The  moulding  and  rorc  depart  nionts.  (3)  Tlio 
Jinishi]]^  department.  Tlie  processes  are  the  rmivt'r"'r,  tlio 
r'riirihle,  and  the  small  open-hearth  (；' ihout  .「）  funiaco, 
excluding  the  electric  furnace  as  not  as  yet  a  determining 
factor,  and  ignoring  small  castings  made  l>v  open-heart  h 
fouudi'ips  producing  large  castings. 

The  fact  that  the  largest  munltor  of  small  steel  castings 
are  made  by  the  wide-blow  converter  does  not'  in  itseli'  pi-ovo 
that,  this  is  the  l>ost  meUiod.  The  liosl  tuof luxl  must  neces- 
snrily  einliraco  in  its  advantages,  not  only  those  wliicli  make 
a  plant,  run  sinoothly,  but  ； ilso  those  in  wliicli  your  customor 
is  interested.  However,  neither  must  lie  i^iven  a  ])laco  too  far 
nlipad  of  the  other. 

Viewing  the  three  processes  from  tlio  connnercial  aspect, 
but  not  from  a  strictly  niotallui'^ical  or  1  hooi-et  ical  an^le,  i  ho 
following  coiuparison  in  ay  he  made  ： —— 


] 


Advanta^'s. 

Converter  Pw(tm 

Medium  rost  f»f  steel,  less  than  1 
))iit   "ion'  than  open 


hearth 

2.  Large  tnnnatio  pel*  furna- 
fact,  larijost  of  all. 


I  )isad  vanla^oa, 

{Siffr  Blow). 

1 1  iLihf'J"  I '(»s)  of  s1r( 
licai-t  li 


>y  ope 


Operations  are  more  fom| 
or  as  Sinionson  says,  "  It  is  tlie 
best  、、； i v  t < >  make  tlio  worst 
steel. " 

1    nicrlianical  opcra- 
t  iims,  such  as  tlit'  unit  to  j>m »- 
dure   ]H)\vcr,   1  he   lilowcr,  the 
t  ilt  in"    arranncnicnt ,    any  (if 
1  suddenly         ti'r'ul 山、. 


3.  This  hxrffo  tonnage  is  of  fjroat    :i.  ('""ipl 

value  to  a  foundry,  \n  that  il  can 
he  ])i'o(luco(l  durinn-  the  wurkin"' 
day,  whilo  in  other 
some  metal  cdiuos  ta  the  foundry 
during  the  night  turn. 

4.  (livat  range  in  carbons,  ospociall\' 

in  respect  to  low  carlums,  whit-h 
are  U'coininii;  a  very  iiitcrosling 
subject  to  engineers. 

5.  Metal  hotter  tlian  opr'n-lifarth 

and  jirobably  as  hot  under  like 
conditions  as  fruciblo  steel. 

Crvcihlr  Procp.^, 

1.  Well  adapted  tor  small  insi.alla-    1.  Ili^h  rost  of  stool. 


tions. 

Oprn-hrnrfh  Prorr.^s 

1.  Low  cost  of  stocl. 

2.  Comparatively  simple  metallur- 

gical operation. 

3.  Not  oompliratt'd  in  its  nioohanical 

operatidiis. 


2.  Small  tr)nnagc. 

3.  Variable  carbons,  cspooially  tho 
difficulty  w  ith  l(>、v  cai-lxnis. 

say  ii-ton  Furnace. 

1.  Motal  not  as  fluid,  ospofially 
with  low  carbons. 

2.  Metal  delivered  to  foundry 
usually  throughout  24  hours, 
iiislt-ivl  of  10  hours. 

3.  Unless  several  furnaces  aro 
at  hand ,  tho  foundry  、、  ill 
periodically  be  shut 山'、 、 n  (hirinu; 

thv  time  required  for  ivliiiiii«_:. 

This  comparison  refers  to  the  average  foundry,  to  opera - 
tions  day  in  and  day  out  with  ordinary  skill,  and  omits 
entirely  any  deep  theoretical  considerations.  My  remarks 
are  l)ased  on  nothing  but  what  has  actually  been  observed 
in  the  trade  'of  manufacturing  small  steel  castings  as  a 
specialty.  The  comparison,  which  is  only  an  outline,  refers 
only  to  what  has  been  found  practical  under  ordinary  condi- 
tions. 

As  to  the  quality  of  the  steel  produced  by  the  various 
methods,  I  believe  it  can  be  said,  without  contradiction  hv 
anyone  who  knows,  that,  taking  all  data  obtainable  and  t'oi  - 
getting  all  preconceived  ideas,  the  matter  of  quality  is  not 
one  entirely  of  process,  but  one  of  operators.  It  is  not  so 
much  which  process  has  made  the  record  in  tensile  tests,  \-c  , 
but  what  process,  day  in  and  day  out,  gives  the  best  uniform 
results  to  the  producers  and  the  customers.  It  is  my  opinion 
that  this  desirable  result  is  most  often  obtained  by  the  con- 
verter, and  also  that  the  converter  lias  the  power  to  produce 

*  Abstract  of  paper  read  before  the  Pittsburg  Foundry  Association.  Murch 
9th,  1914. 


very  easily  low  carlxxi  stools  which  sliow  I"'' f'f "I «' 

thought  impossible  l.v  r 

Tt  is  ordinarily  supposed  \  hat  t  ho  j>li;iso  r>f  tlu*  -t<-d 
foundry  business  ino^i  essoiitial  is  tlio  making  of  \\n-  Mh'I 
liowever,  such  is  not  the  rase.  I  liavo  ol'ton  said  it  was  not 
one-fiftli  :  (jiiite  recently  an  ； il，l''  prodiK-or  of  small  ra，tiii^  Ha  id 
it  was  only  10  per  cent.  Many  t irnos  a  ",mi(lrvm;u，  in  ot li**r 
metals  keeps  away  from  the  steel  business  heraiiHe  lie  thinkM 
lie  knows  nothing  about  the  making  of  steel  :  usually  he  will 
find  he  knows  less  about  other  featu res. 

The  difference  between  a  cupoln  or  iron  tiirnaro  aiul  a 
steel  furnace  is  not  tlie  only  way  in  which  the  two  trades 
differ.  There  are  other  features  tliat  are  most  essential  wliicli 
many  fail  to  grasp  and  profit  l)y.  Tlie  iiiouhlin^  dopai  I  nK-nt 
in  a  successful  plant  for  small  castings  dinars  i;roatlv  troin 
that  in  an  iron  foundry  and  also  Mom  tliat  in  n  ><ffl 
foundry  in  large  work.  Some,  on  small  work,  are  making 
moulds  as  if  they  were  for  large  work,  l>ut  tlieir  Imlan"' -、 h''rt 
on  sniall  work  would  not  satisfy  everyone. 

The  dilTerence  lies  in  the  foi'eman,  the  equipment,  tlu* 
moulder,  and  the  mental  attitude  of  the  whole  or^.'inisal  inn 
toward  small  work.  Of  tlie  four,  the  latter  is  by  far  tlio  most 
important,  but  perhaps  the  inost  difliciilt  to  seo.  Tlio  inabilit v 
to  realise  this,  however,  has  been  the  rause  of  many  failuros. 
Few,  if  any,  successes  have  been  made  in  small  work  hy  com- 
panies Tnaking  large  work,  hraiicliin^  out  into  small  work. 
These  companies  appeared  to  have  every  advantage  moiiov, 
acquaintance,  reputation ― in  their  favour,  but  few  have 
shown  any  great  success,  or  their  success  is  notliin^  as  <(>m 
pared  with  those  who  were  not  previously  on  large  work. 
The  mental  attitude  toward  work  is  essentially  the  vital  diffe- 
rence. Tonnage  must  be  forgotten,  sales  price  niul  ]>rofit  aio 
figured  so  much  per  man,  and  any  other  way  is  ruinous.  The 
differences  in  foremen,  equipment,  and  uioulders  are  moro 
evident,  but  should  not  be  lost  sight  of. 

Only  one  feature  of  the  moulding  end  will  be  disrus.-od, 
the  old,  old  question  of  green  sand  as  compared  with  dry  sand 
inoulds.  You  may  be  interested  to  liear  tliat  as  far  as  can  he 
estimated  a  larger  tonnage  of  small  castings  is  made  in  green 
tlian  in  dry  sand  (there  are  no  figures  to  prove  this),  ino^ppr 
tive  of  the  use  to  which  the  castings  are  to  be  put.  I  am 
speaking  of  small  castings  machined  all  over,  and  under  tlir 
severest  inspection. 

The  points  in  favour  of  the  green  sand  mould,  refen  ini: 
both  to  the  plant  manufacturing  them  and  tlie  consumer  of 
castings  made  from  them  are :  (1)  Eliminates  cost  of  drying, 
both  fuel  and  handling,  especially  the  latter.  (2)  It  is  a  more 
rapid  system,  turning  out  a  greater  product  per  unit  of  area. 
(3)  In  snap  work  the  cores  usually  get'  only  one  baking.  (4) 
In  other  than  snap  work,  the  flask  equipment  is  cheaper, 
and  is  kept  in  much  better  condition.  (5)  Because  of  its 
yielding  qualities  certain  designs  can  be  made  in  a  green 
sand  mould  not  possible  in  a  dry  mould.  This  is  in  itself  an 
advantage,  but  in  addition  to  this  is  the  fact  that'  ca>t itiLf- 
made  in  a  green  rruould  do  not  have  tlie  same  strains  pro- 
duced, which  in  the  final  casting  may  remain  simplv  as 
strains,  or  may  be  in  the  form  of  a  crack,  not  visible  to  tlie 
eye.  For  this  reason,  if  I  were  a  purchaser  of  castings,  T 
would  want  all  intricate  designs  made  in  a  yielding  mould . 
This  is  a  point  few  have  grasped.  Tliev  know  they  find. green 
sand  castings  satisfactory,  but  do  not  know  whv  they  are  so. 

The  points  against  are  :  (1)  More  skill  is  req uiretl  on  tlir 
part  of  the  moulder,  and  this  is  very  serious  for  several 
reasons ― the  moulder  is  higher  priced  :  it  takes  longer  to  make 
a  moulder,  and  the  number  of  possible  operatives  is  less. 
Hence  in  busy  times  it  is  more  difficult  to  get  up  to  niaxinnun 
production.  Tn  other  words,  one  is  not  as  independent  as 
regards  labour  as  if  d r y  sand  moulds  were  being  made.  (2) 
Under  equal  conditions  the  rejections  at  the  plant  constitute 
a  Iiiglier  percentage.  This  is  primarily  due  to  misnuis,  for 
it  is  evident  that  a  given  metal  will  not  run  in  a  green  mould 
as  well  as  a  dry  mould.  Corners  of  moulds  will  drop  off,  pro- 
ducing imperfect  castings,  and  also  the  resulting  sand  will 
sliow  up  in  the  casting.  Oversized  castings  niav  result  due  to 
strains  from  moulds  ram med  too  loosely,  which  is  a  i:r*Mt 
disadvantage.  The  much-discussed  b】o、v-holes，  clue  to  moulds 
rammed  too  tightly,  are  generally  considered  tlie  all-important 
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point,  but,  strange  to  say,  it  should  not  be,  or  better,  it  is  not 
necessarily  so.  It  is  granted  that  without  proper  care  nriore 
blow-holes  will  appear  from  a  green  mould,  and  hence  it  is 
placed  here  under  the  heading  of  a  disadvantage. 

I  believe  truly  that  the  percentage  of  castings  rejected 
and  returned  is  no  greater  in  the  green  sand  foundries  than 
in  dry  sand  foundries.  There  are  times  when  a  difficult  cast- 
ing is  given  to  a  moulder  of  insufficient  skill,  with  bad  results, 
but  this  in  itself  does  not  condemn  green  woi  k. 

Another  feature  of  the  moulding  end  of  small  steel  cast- 
ings is  the  heading  and  gating.  The  heads  and  gates  are 
excessive,  and  you  may  be  interested  to  learn  that  when  the 
percentage  of  good  castings  to  total  melt  is  45  per  cent,,  the 
practice  is  about  normal  on  small  work.  The  real  essential 
in  the  moulding  end  is  ability  to  rig  cheaply.  If  moulds  are 
made  as  they  are  in  large  work,  the  tonnage  produced  is  so 
low  that  the  cost  mounts  and  the  sales  price  with  it. 

The  core  department  is  possibly  the  most  neglected  end  of 
the  business.  Except  in  certain  malleable  and  grey  iron 
foundries,  the  core  rooms  are  not  run  with  any  degree  of  effi- 
ciency. The  reason  given  by  most  managers  for  this  state  is 
that  they  have  no  repetition  work  ；  that  is,  the  numbers  from 
a  given  pattern  do  not  warrant  them  to  do  any  rigging  or  to 
adopt  any  particular  system.  This  reason  sometimes  holds 
good  in  the  moulding  end,  but  it  does  not  in  the  core  end. 
After  reviewing  my  own  experience,  and  comparing  it  with 
others,  I  am  of  the  opinion  that  the  great  majority  of  foun- 
dries are  getting  less  value  in  the  core  room  than  elsewhere. 

Core  boxes  are  naturally  divided  into  two  classes  ；  one  in 
which  the  ramming  requires  the  skill,  the  other  in  which  the 
lifting  of  the  box  requires  the  skill.  Machines  for  both 
purposes  are  made,  and  lately  one  lias  come  out  that  will  do 
both  :  that  is  there  are  jarring  machines,  there  are  drawing 
machines,  and  now  those  which  perform  both  operations. 

More  money  can  be  lost  or  saved  in  the  moulding  end  and 
finishing  room  than  in  the  furnace  department  in  the  produc- 
tion of  small  steel  castings.  It  is  very  probable  that  the 
moulding  end  is  the  most  important  factor,  but  the  finishing 
end  runs  a  close  second. 

The  various  operations  can  be  quickly  enumerated,  and  it 
will  still  be  hard  for  one  to  see  where  the  difficulty  lies. 
Heads  and  gates  are  removed  in  various  ways,  probably  the 
greatest  tonnage  by  cutting-ofF  machines  ；  followed  by  the 
simple  hand  cutter  with  a  second  man  on  a  sledge,  and  last 
by  saws  of  various  kinds.  The  remaining  operations  are 
rumbling  or  sand  blasting,  grinding,  annealing,  repairing  by 
some  sort  of  welder,  finishing,  straightening  in  many  cases, 
and  finally  inspection.  In  many  small  castings  the  cost  per 
ton  is  greater  in  this  department  than'  is  the  cost  in  the 
moulding  department. 

The  making  of  small  steel  castings  lias  not  been  a  business 
conspicuous  by  any  great  successes,  but,  on  the  other  hand, 
has  been  marked  by  many  failures,  and  had  these  latter 
been  on  a  large  scale  the  fact  would  have  been  impressed  on 
the  minds  of  all.  As  these  failures  have  so  frequently  been 
by  small  companies,  or  have  been  only  a  part  of  some  large 
concern,  not  materially  affected  thereby,  they  have  been  over- 
looked. 

In  the  Pittsburg  district  within  the  last  seven  years  there 
have  been  nine  new  companies,  only  two  of  which  are  in 
existence  to-day,  omitting  one  recently  started.  That  means 
that  there  has  been  one  failure  each  year,  and  only  two  suc- 
cesses in  seven  years.  What  has  caused  these  failures,  not 
only  in  the  Pittsburg  district,  but  in  the  country  at  large  ？ 
This  is  best  answered  by  the  following  summary  of  diffi- 
culties ： —— 

(1)  Most  new  plants  for  making  small  castings  have  used 
the  side-blow  converter.  In  hands  unskilled  and  in  hands  too 
economical,  this  process  will  surely  be  a  factor  against  the 
production  of  profits. '  (2)  The  moulding  has  been  carried  on 
as  if  small  and  large  castings  can  be  handled  alike.  (3)  Very 
often  too  little  money  has  been  considered  necessary,  and  in 
most  cases  what  money  was  at  hand  was  not  properly  distri- 
buted over  plant,  equipment,  and  working  capital,  usually 
too  much  being  put  into  plant  account.  (4)  No  cost  system 
worthy  the  name.  (5)  Organisations  run  on  a  scale  too 
economical,  and  hence  few,  if  any,  realised  the  high  cost  of 


manufacture  and  high  over-head  charges,  since  they  had  no 
good  cost  system.    (6)  Castings  sold  at  too  low  a  price 

The  first  four  of  these  causes  are  more  or  less  self-evident, 
hut  the  fifth  and  sixth  are  ones  which  con  tain  many  points, 
and  to  wliicli  there  are  many  ramifications. 


West  of  Scotland  Iron  and  Steel  Institute. ― The  22ncl  annual 
general  meeting  of  this  institute  was  held  in  Glasgow  on  the 
tli  ult.  The  president  (Mr.  Walter  Dixon)  occupied  the 
chair.  The  report  of  the  council  and  the  treasurer's  state- 
ment showed  the  institute  to  be  in  a  flourishing  condition. 
The  meeting  afterwards  took  up  the  discussion  of  papers  by 
Messrs.  Desch  and  Whyte  on  the  "  Influence  of  Manganese  on 
the  Corrosion  of  Steel/'  and  by  Mr.  N.  K.  Turnbull  on  "  Hot 
Galvanising." 

Birmingham  Association  of  Mechanical  Engineers. —- At  a  recent 
meeting  of  this  Association,  Mr.  G.  E.  Storey  read  a  paper  on 
" Condensation."  He  gave  a  short  description  of  the  various 
types  of  condensers  and  air  pumps  at  present  competing  for 
public  favour.  He  said  that  the  prominence  which  marked 
the  position  occupied  by  the  subject  of  efficient  condensation 
of  exhaust  steam  was  due  to  the  great  development  of  the 
steam  turbine,  and  to  the  fact  that  the  best  results  could  only 
be  obtained  in  the  turbine  by  the  maintenance  at  a  reasonable 
expenditure  of  power  of  the  very  highest  degree  of  vacuum 
obtainable.  The  outstanding  feature  of  the  present  situation 
in  relation  to  condensing  plants  was  the  extending  adoption 
of  various  kinds  of  rotary  and  fixed  water- jet  air  pumps  in 
the  place  of  the  Edwards  or  other  reciprocating  air  pumps, 
which  had  held  the  field  until  quite  recently.  Rotary  pumps, 
however,  were  not  entirely  convincing  as  ousting  the  recipro- 
cating air  pump  from  its  exalted  position  as  the  most 
economical  type  under  practically  all  circumstances.  The 
intrinsic  value  of  rotary  pumps  was  less  than  that  of  recipro- 
cating pumps  for  equal  duties,  and  the  fact  that  they  were 
offered  usually  at  a  lower  price  probably  accounted  to  some 
extent  for  their  present  vogue.  The  running  costs,  which, 
rather  than  the  capital  outlay,  really  made  for  the  commercial 
success  or  failure  of  a  plant,  were  much  lower  in  the  case  of 
the  Edwards  air  pump  than  in  that  of  any  of  the  rotary 
water- jet  pumps,  though  in  varying  degrees.  What  was 
wanted  was  an  impartial  examination  by  some  recognised 
authority  of  the  working  results  of  all  the  different  machines 
now  produced  to  deal  with  the  present  high-vacuum  con- 
ditions. 

Sheffield  Society  of  Applied  Metallurgy. ―  At  the  annual  general 
meeting  of  this  society,  held  on  the  24th  ult.,  a  paper  by  Mr. 
G.  B.  Brook  and  Mr.  C.  O.  Condrup  on  "  The  Use  of  Fuels 
other  than  Coke  for  the  Melting  of  Non-ferrous  Metals,"  was 
read  by  Mr.  Condrup.  The  paper  dealt  with  experiments 
conducted  by  Messrs.  Brook  and  Condrup.  So  far  as  they 
had  gone,  it  was  stated,  the  matter  had  been  one  of  cost,  the 
advantage  being  with  gas.  From  a  sulphur  content  point  of 
view,  oil  had  the  advantage,  whereas  for  general  convenience 
of  working,  gas  took  first  position.  The  difficulty  of  every 
manufacturer  in  preventing  deterioration  of  the  metal  by  the 
action  of  the  air  during  the  melting  process,  i.e.,  oxidation, 
was  also  being  investigated,  and  it  was  hoped  that  the  results 
of  these  would  be  ready  in  the  course  of  a  few  weeks.  There 
were  further  features  to  investigate.  They  were  desirous  oi 
assisting  Sheffield  trade,  and,  in  order  to  carry  out  their  pro- 
gramme efficiently,  would  be  grateful  for  the  co-operation  of 
the  manufacturers  towards  this  end.  Dr.  W.  E.  S.  Turner, 
senior  lecturer  in  chemistry,  was  appointed  president,  and 
the  other  officers  were  elected  as  follows  ：  Vice-presidents, 
Messrs.  Ellis  H.  Crapper,  B.Eng.,  W.  Thorpe  Haddock,  Ernest 
A.  Smith,  A.R.S.M.,  W.  G.  Turner,  and  Cecil  H.  Wilson  : 
council,  Dr.  E.  Colver-Glanert,  Dr.  Greenwood,  Messrs.  W.  R. 
Barclay,  A.  Benton,  A.  Bowker,  Byron  Carr,  A.  Jefferson, 
L.  G.  Reynolds,  and  F.  C.  Robinson :  secretaries,  Messrs. 
G.  Bernard  Brook  and  Frank  Mason.  It  was  reported  that 
the  council  had  decided  that  a  research  medal  should  be  estab- 
lished, carrying  with  it  a  small  grant  to  be  bestowed  on  any 
student  in  the  University  doing  such  original  work  in  non- 
ferrous  metallurgy  which  sliould  be  deemed  of  sufficient 
importance  by  the  council. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Output  of  Tin  in  the  Malay  States. ― T\ui  out  put  nl'  tin  in  tin1  l'V(l(> 
ratod  Stiit'rs  during  tlu>  first  i\un  rlfM1  ol'  11U  1  ； mimmh'(l  to  1'— '.37, 
tons,  as  compared  with  1 1 ,5()(>  tons  ；) nd  I  I  ,')'.H'>  ions  in  corr" 
sponding  pt^riods  of  li)】3  and  1912  rt'sp,'rl  i v,'l,y. 

New  Telephones  in  1913. ― The  Postmaster-' "  m'r'il  states  that  48,448 
new  tolcplioiu's  had  l"'("t  pi*ovi(l*»(l  last  y(、ar  in  ilu>  British  Isles,  of' 
which  31，0()()  were  in  IjoikIoii.  Oi"  provinciiil  (itirs  M :m(l"'sU'r 
lu':i(l。d  tho  list  with  4,1:H,  followed  by  liirmin^liant  with  'U (；卜 
Liverpool  with  .'5,0") 7,  and  (Jlas^ow  Applications  in  hand 

numborcd  3，H7.':，  of  which  1, 、v(、r('  in  London . 

Messrs.  T.  W.  Broadbent,  Ltd.,  <>loctric;iI  m:m  ii  r:i('t  m'('rs  :i  ii(l 
contractors,  Victoria  Electrical  Works,  East  Parade,  H. udders 
field,  liavo  made  ari'angpmc'its  with  .Mossrs.  J;niH*s  ('.  I^ishcr  aii'l 
Co.,  of  Hohortson  Str(、et，  Glasgow,  to  rcpicsont  llicni  for  the 
sale  of  generators,  motors,  ttc'.，  for  both  aUcniatiiijj:  ； iml  ('mi 
tinuoua  current,  in  Scotland. 

The  Printing  and  Allied  Trades  Exhibition.  —  Tliis  Kxliil'ition ,  to  be 
ojkmuhI  at  tho  Royal  Agricultural  Hall,  l>y  the  Lord  Mayor  ol' 
Jjondon,  on  IV! ay  ]'3tli，  ]>romis(is  to  Ik*  oi'  cxct'ptional  interest.  It 
will  ho  tlio  largest  and  most  i't'i)ivs("itative  10\Iiil»ition  of  its  kind 
ever  hold  in  any  ]>;irt  of  tho  wo  rid.  The  Kxhihition,  which  has 
tl"、  support  and  piitroiiago  of  t'lu、  various  snrirties  associntcd  with 
tho  printing  and  allied  trades,  will  remain  open  until  Ahiy  .'iOth. 

Conciliation  in  Labour  Disputes. ― Accoj-(lin«>  to  the  Prt'si 山' lit  oi'  th,、 
JU>a rd  oi'  Trade,  last  year  thero  were  99  cases  of  trade  disputes 
in  which  the  assistance  of  the  Board  had  been  ('mplo.vtnl  uihUt 
the  Conciliation  Act  of  1896.  Actual  stoppage  of  work  occurred 
in  53  cases  involving  127,900  persons.  Tl"、  coi  rt'.spoiuling  figures 
lot'  1912  were  73  cases,  34  stoppa^t's,  ； m(l  1,110,000  persons 
attVctcd.  I  ncliidin^;  the  corresponding  figures  for  1911，  a  total  of 
2(54  cases  had  been  dealt  with  by  the  Board.  I  n 】4J  of  tlioso  work 
was  stopped ,  involving  in  tho  aggregate  l,8IKi,l()()  persons. 

A  New  Submarine. ―  Messrs.  Vickei's,  Ltd.,  Barrow-in-Furiicss, 
launched,  on  the  23rd  ult.3  a  submarine  for  the  British  Admiralty. 
The  vessel  is  of  the  E  class,  and  when  fitted  up  will  embody  all 
that  experience  has  taught  regarding  subniergihle  construction. 
She  will  have  a  greater  speed  both  under  wa tor  and  on  the  surface 
than  previous  types,  and  will  be  a  much  more  i)o\\ortul  (mi^i  tH-  of 
attack.  She  、、  Ui  carry  quick-firing  foro  and  ；"  t  gmis,  u  liicli  are 
designed  to  sink  out  of  .sight  after  discliar^o.  She  is  fitted  with 
wireless  telegraphy,  and  will  be  propelled  liy  heavy  oil  engines 
of  the  latest  and  most  advanced  type. 

The  Proposed  Channel  Tunntl. ― Sir  Francis  Cox,  in  a  hrioi  addrrs.s 
delivered  at  the  House  of  Common  :，  on  engineering  questions 
connected  with  the  construction  of  the  Channel  Tmim"，  said  that 
if  one  was  constructed  there  would  have  to  be  another,  and  possi- 
bly a  third j  for  motor  traffic  and  mails.  It  would  give  a  tremen- 
dous impetus  to  work  all  over  the  country.  If  there  nero  any 
element  of  danger  in  it  they  would  have  notliing  to  do  with  it. 
A  ferry  across  the  Channel  was  impracticable.  The  estinia t^"l 
cost  would  be  £16,000,000.  The  revenue  at  10s.  per  head  w  a s 
estimated  at  £1,550,000  pel-  annum,  or  £1,135,000  net.  The 
tunnel  would  take  seven  years  to  construct. 

Electric  Railways  of  the  United  States.— The  United  States  Bureau 
ot  the  Census  has  issued  some  interesting  statistics  relating  to 
electric  railways  of  the  continental  United  States.  The  statistics 
cover  the  years  1902  and  1912.  They  include  electric-lighting 
plants  operated  in  coiuiection  with  electric  railw  ays  ami  not 
sepa  rable  therefrom,  but  do  not  iiu-hule  mixed  steam 
and  electric  railroads  or  ot  railways  uiulor  construction  (luring 
the  census  year  whicli  had  not  begun  oprriition.s.  Tlit、  ti^ures  show 
that  the  number  of  operating  companies  increased  from  817  in 
11)02  to  [)7o  iu  1912,  or  19  per  cent.  There  wew  41  miles  of 
track  in  1912,  as  compared  with  22,.")" 7  in  1(J(_)2,  or  an  increase  of 
8-  per  cent.  The  gross  income  in  l\)V2  amounted  to  117  millions 
sterling,  as  coniparetl  with  50  millions  sterling  iu  11X32，  or  an 
increase  of  134  per  cent.  The  operating  expenses  amoimU'd  to 
(itii  millions  sterling  in  1912，  as  compared  with  2S\  millions 
sterling  in  1902,  or  an  increase  oi  \:U  per  cent  The  tot;il  hm'st、 
power  of  the  power  plants  was  3,665,051  in  1912,  as  compa n-d 
with  1^49,211  in  19U2,  or  an  increase  of  17'— >  cent.  Tho  lim、。 
power  of  the  waterwheels  increased  from  49^153  in  1902  to  471,307 
in  1912,  or  859  per  cent.  The  output  of  stations  amounted  to 
G，052  million  kw.-hours  in  1912,  as  coni])aio<l  with  '」，'」 （； 1  millions 
in  1902,  or  au  increase  of  168  per  cent.  The  energy  purchasod 
in  1912  amounted  to  2,907  million  k\\  .  hours,  the  figures  for  1902 
not  being  available. 

Factory  Act  Prosecution.— Un  the  23nl  ult.，  at  8o\Ul»  ShieUls,  M('、、r、. 
Pyman,  Bell,  <t  Co.,  Ltd.,  、、- t、rt、  cliargod  under  tl"、  Factory  an<l 
Workshops  Act  with  having  iailed  to  cover  certain  electric  over 
head  wires  with  insulating  material  or  to  so  place  ； mi<1  ,sa tr^uard 
them  as  to  prevent  danger  so  far  as  was  reasonably  pr;u  t  icaliliv 
W.  B.  Lauder,  inspector  of  factories,  sakl  dofoiulu nts  occu- 


pied a  lar^c  ； il  ea  of  gmm"l  at  tin-  wr.st  side  ol  'I'v'ir  I)"'+k.  w  linr 
tlic.v  stoned  pitprops,  and  t  lien*  、、'，'n,  live  cin-nlar  sa u  s  rlrivcti  hy 
electricity,  w  hicli  used  to  (  lit  tl"'  props  into  suitaMc  len^tlis. 

In  (>r(l(、r  to  supply  tin*  «'ii('rgy  to  tho  <'l''rtri('  motors  at  tl"'  、：,  u 
htMiches  thoro  \v<m*<»  tlim'  cl***trir-  ovciIhsk!  win's,  1^2tt.  intm  tlu* 
gr()'m(l,  "ml  they  won*  supported  on  wooden  poles.  On  March 
12th,  a  man  named  Hock,  w  ho  w  us  ^mployod  l,y  tlu*  <l''t、'n(laiits, 
was  engagwl  on  the  top  of  tho  stacks  of  pitprops,  17it.  hiuh,  aiifl 
was  throwing  down  tin*  props  to  two  otl"T  worknif-ii  u  ho  、"'，  '' 
loading  the  wagons.  ()'"'  oi'  tho  mon  iH>ticcrl  that  tlion*  w  as  mhim- 
tiling  wrong  with  hock,  and,  on  (limln'ig  to  tlic  top  (»t  tlx-  star  k, 
he  found  that  ho  had  collapsed.  Tho  tlircc  ,'l,'('t.ric  u  in-s  dad  saw<i 
down  on  to  the  top  of  the  stack,  and  one  of  them  lay  across 
Bt'ck's  clit'st  ；  .uiothcr  u  ； is  ii  iif|«'rii<'"  t  Ii  linn  ；  ； i  n<l  \、：i、  '二  i"、|,iii  二 
a  third  wiro  in  his  right  hand.  Tlic  c'lm'iit  was  slmt  off,  l>iit  the 
man  was  alivady  (lead,  having  \hh>i\  oloctrocutcd.  At  tl"'  tiin<> 
of  the  accident  two  layers  of  props  heen  M-movcrl.  and  that 
left  a  space  of  6ft.  between  the  top  of  the  stack  and  tli'»  、、  m'、. 
The  breach  of  the  regulations  was  that  the  doiVndants  \m<\  inxU-d 
either  to  limit  the  height  of  the  stacks,  or  to  insulate  tl"'  、、in'.s 
so  as  to  protect  tho  worknuMi  from  possible  clangor.  A  iwu-  ot  L—> 
and  costs  was  imposed. 

Proposed  Trade  Union  Alliance. ― A"  iihjHM  i  ； ml  ('(mi,  n        o)  ' .  '■ 

s-nlativos  oi'  tin-  Kxociii.ive  Committees  of  the  Miners'  Fi"!«»i  ation 
of  Great  Britain,  the  Transport  Workers'  I'',' 山' ration,  ami  tho 
National  I'liion  ol'  l《"il、v;i.vim>ii,  was  ope，i，'（l  in  LoihIom  on  the 
23rd  nil.  it  Iiad  Ijeon  (m'v(>M，、（1  as  a  result  of  a  resolution  p; 卜、' 'I 
by  tlie 丄、 liners'  Federation  at  their  annual  mooting  in  favour  of 
some  steps  being  taken  to  secure  closer  co-operation  U'"、'  （'ri  the 
three  organisations,  and  instructing  tho  Kxecutive  Conmiitt<*'S 
to  i'onntilatc  a  scheme  to  bring  such  decision  into  effect.  The 
f-oniei'oiico  decided  that  a  working;  a^reenient  or  schenu*  l>(>t、v(','ii 
the  three  bodies  (representing  1，'H0，（)()(）  nionilxM-s)  was  (lt'sir:!l"*'. 
After  some  discussion  the  following  resolutions  were  agreed  to: 
" That  in  tlio  opinion  of  this  ConfcrcMice  a  working  ； i^i rcincjit 
or  scheme  between  the  tliroe  bodies  represented  here  is  (l。sir;il,l,- : 
that  a  sub-conmiittee  equally  representative  of  the  three  bodies 
be  appointed  for  the  purpose  of  drawing  up  and  submitting  a 
scheme  to  a  future  conference  for  consideration  ；  that  joint  ■、"《'「（• 
taries  bo  appointed  and  instructed  to  secure  from  all  societies 
represented  all  information  necessary  to  t'imhl"  thi>  conunitteu 
to  draft  a  scheme."  Tlu*  joint  sec-rotaries  were  appointed  as 
iollows  :  Messrs.  T.  Ashton  (secretary  of  the  M incrs'  Ft  floi  ation), 
J.  E.  Williams  (secretary  of  the  Iiailw aynicii  s  I'nion),  and  Holjort 
Williams  (secretary  of  the  Transport  Workers'  l'V(h'ratioii).  It 
was  agreed  that  those  three,  with  Messrs.  Smilli",  Hcilaniy^  and 
Gosling,  the  respective  chairmen  of  the  minors,  raihvaymen.  and 
transport  workers,  should  form  a  joint  comniitteo,  and  that  it 
should  be  left  with  them  to  call  another  con  tore  iico  iiniucdiatrly 
they  were  in  a  position  to  report  on  a  scheme. 

Trade  Circulars  and  Catalogues. —— We  have  r,'(','i v*"l  tl"'  l''ll("、in': 
trade  circulars  and  catalogues  :  From  Sir  Win.  H.  Bailey  A-  Co.. 
Ltd.,  Allnoii  Works,  Manchester,  descriptive  illustrated  circtilar 
relating  to  the  "  Strebor  ，'  fvlindcr  escape  vahv  for  automatically 
relieving  steam  engine  cylinders  of  condensed  water,  and  so 
avoiding  the  risk  of  water-liaiumer  witn  all  its  atteiidain  u'<" 山 k's. 
From  the  Herbert  Frood  Company,  Ltd.,  Chapel-en  It1  Frith, 
circular  of  test  results  obtained  at  tho  Physical  Laboratory  with 
^Forodo"  friction  surfaces  made  by  the  Frood  Company  for  brake -、 
and  clutch  linings.  From  ^litcholls.  Asliworth.  Stanstieltl.  A*  Co.. 
Ltd.,  Bridge  End  M  ills.  Waterfoot,  near  -M;m(  l"、U"'  circula r 
relating  to  "  Mascolito  fibre  mats  for  engine  ioundations  for 
dami)ing  the  violations  and  noise  trouble  arising  from  vibration. 
From  the  Hoyt  Metiil  Coiiipaii.v,  Ltd..  '」(；.  Billitcr  Street,  London, 
E.C.,  a  leaflet  of  useful  hints  on  the  lining  of  bearings  with  this 
well  known  anti-friction  metal ― the  hints  are  practical,  and 
should  be  useful  to  those  w  ho  have  work  ol  this  kind  to  do.  From 
J.  C.  Lyell  d'  Co.,  Ltd.,  113，  Great  Portland  Stivot.  London.  W.. 
descriptive  circular  and  price  list  of  their  Oxy  Acotylent1  、w，  iu 
of  welding  and  cutting  metals,  giving  full  particulars  of  tlu-ir 
acetylene  generators  and  gas  accessories.  From  Donovan  A:  Co. . 
47，  Cornwall  Street.  Hiriniiigliam.  particulars  of  eloc  tric  u  arming 
plates  and  domestic  heating  apparatus,  as  uoll  a、、  s\\  itchfs  and 
tlioir  a('(v、、  "  it's.  Fiom  Murpliy  Stodinan  A:  Co.,  】8U,  ("a、、  I  mi 
Koacl,  London,  AV.C,  particulars  of  a  number  of  oil-  and  coke- 
fired  heating  furnaces  for  metnllur*i;i<,al*  work,  iiuliulin^  sm"ll 
tilting  furnaces  for  melting  brass,  copper,  iron.  Ac.,  liaixlonin^ 
i'urnaces  as  well  as  other  specialities  for  fortius;  and  brazing 
work  ；  in  addition  to  price-lists  for  all  kinds  ot"  t'omulry  roquisU»  N 
and  accessories.  From  tho  (uMioral  Klectrir  Company.  Ltd..  H7y 
Queen  Victoria  -Stivrt.  London,  K.C.,  particulars  of  tho  ( )m  am 
axial  drawn  w  i re  lamps,  which  havr  l»een  spo<  ially  (Iosi^iumI  io 
throw  their  strongest  rays  in  the  dou  nwa rd  diroction,  and  are 
specially  suitahlo  for  situations  whoro  a  strong  light  is  iv(|'ii，v<l 
over  a  conipiuativt^ly  rost rioted  ； uva，  such  as  ovor  desks  in  offi(.c>. 
hanks,  &c.，  over  special  tools  a  nd  macliinob  in  workshops,  ami  for 
staircase  and  corridor  lighting..  Arc. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we,  shall 
In-  plcitscfl  in  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mn  haitinil  Eiaj'uivvr3^  53,  New  Bailey  Streetj  Manchester. 

MECHANICAL  1912. 

I*ropiilsioji  of  vehicles  by  internal-combustion  engines.  Roysttm. 
5588. 

1913. 

J.kiii  id  I  tu'l  liratrd  lipping  furnace  tor  sinoltin^;.  Av.   Price.    '"">  "'.";. 

Controlling  of  the  starting  and  working  of  engines.   Esplen.  oo82. 

Method  of  arresting  the  sadden  descent  of  pit  cages  in  case  of 
})va\ ka^e  at'  the  hnulin^  ropes.  Banks.  7861. 

Speed  indicating  apparatus.  Chadburn's  (Ship)  Telt'graph  Com- 
pany, and  Howie.  7994. 

.Mafliine  for  measuring  and  recording  variable  force.  Jiele-Sliau  . 
8149. 

Carburetters  for  internal-combustion  engines.  Terry  iV:  Terry. 
8156. 

Furnace  grates  of  steam  generators.   Neil  tV:  Neil.  S2"23. 
A]>i»arat'is  for  transmitting  power.    Pitter.  8255. 
HuriKT.s  tor  hralin^  strain  iioilors.    Golland.    821  )U. 
C'oJiipre^ion  devices  for  internal- con 山 usticm  ei^ines. 

Bilbe.  8329. 

Ca rlmretters  for  internal  comlmstiou  motors.  ("  ； ipi"  iV  Grapiii. 
8333. 

'rubular  heat  interchiin^ing  apparatus.     Still,  and  British  Still 

Tube  Company.   8357  and  8358. 
Auloniatic  (.■ouplings  for  railway  vehicles.    Van  Zyl.    8；387,  8388. 

and  8389. 

Ehistic  fluid-pressuje  turbines,    liolluzzo.  8493. 

Starting  gear  for  internal  combustion  engines.    Cairns.  8527. 

Hojisting  furnaces  for  ores.    Gahri^lli.  8635. 

Stoam  generators.    Schmidt.  8848. 

\'arial)le-speed  gear  for  motor  vehicles.    Da  vies.  8908. 
] I  vdraulic  transmission  of  |)o\ver.    Duroigne.  8975. 
l'ipe  cutters.    Johnson.  9929. 

(':u  I 川 rettei's  for  internal-combustion  engines.    Grove.  10115. 
Treatment  of  metals  or  alloys  to  render  them  ductile  and  nialk1 

； ible.      Westinghouse    Matallfaden    Gluhlninpenfabrik  Cicy. 

11017. 

Starting  ,sy.steni^  tor  intern alcomb\isbioii  engines.    ]it*II.  ll'i3-">. 
Valves  and  valve  mechanism.    Brown.  11572. 
Change  speed  gear  mechanisin.    Lapierre.  11621. 

piodiictTs.    Anderson,  Meikle,  &  Fulton.  11712. 
Method  of  treating  liquid  fuel  for  internal-combustion  onginoy. 

Heyl  &  Baker.  11756. 
Ore  concentrating  tables.    Luhrig  Coal  and  Ore  Dressing  Appli 

anceSj  Ltd.,  and  Eves.  12574. 
Liquid  fuel  burner.    Akt.-Ges.  fur  Selas-Beleuchtung.  12808. 
Method  of  making  pipe  couplings.  .Mark.  12938. 
Furnaces.    McCourt.  12952. 

Apparatus  for  generating   cooling   and   storing   acetylene  gas. 

Gwilt.  13226. 
Hydraulic  weighing  machines.    Hele-8ha\v.  13*2^8. 
Ceiitrifngal  governors  tor  steam,  gas,  and  oil  engines.  Eastwood. 

13279. 

Lubricating  devices  for  engines.  Abingdon- Ik'co,  Ltd.,  and  Grav. 
13681. 

Centrifugal  fans.    Allfla vs  A*  Onions  PiRMiinatic  J^nginecring  Com- 

pa ny,  and  Jenks.  14103. 
Suction-gas  producer  apparatus.    Houston.  153G7. 
Devices  for  indicating  the  position  of  valves.    Laniple.  17022. 
Smoke-consuming  devices  for  furnaces.    Schneider.  17707. 
Starting  gears  for  internal-combustion  engiiios.    Koineyn  17(J(J- 1. 
Caiburetters.    Macpherson.  180-*>(). 

Piston  for  internal  comliustion  engines.    Jorgenseii.  18471. 
Tractors.    Bloxam.  18674. 

Steam-trap  for  low-pressure  steam-heating  svstciiis.  Bousheld. 
18729. 

Universal  joints.    Hermann.  19802. 
Frictional  gearing.    Sokal.  20256. 
lnteninl-coinbiistion  eiigiiH'.s.  Busse. 
Hydraulic  jacks.    Law.  20930. 
Kotary  fans.    Dick.  21777. 
Forging  machines.  Mellersh-Jackson. 
-M*  "lis  for  softening  water.  Buclmei'. 
Oil  engines.    Mohr.  24034. 
Internal-combustion  ciigiiK's.  Southall. 

Process  aiul  "pp;u"t，is  lor  pmiiying  wattT.  Maschinen-  and 
Waggonbau  Fabriks  Akt.  Gcs.  in  Simmering,  vornials  H.  D. 
Schmid  a nd  Von  Suess.  25715. 

Liquul-f  ih'I  injection  appa ratus  lur  niLcriial  combustion  engines. 
Junkers.  25824. 


20404. 


Miichinos  tor  treating  compound  rails.    Noll.  *」'W」. 
Rolling  mill  and  simihir  instalhitions.    AVclj.ster.    "2(j\  V2. 
Connecting  rod  hearings.    】iiigatU.    27<)  17. 
S  lea  in  boilers.    Patching-  27207. 

Forced  draught  boiler  iii«t;»llatioiis.     Jluim'.  nud  J  iuhun  H  o\\  rim 

and  Co.  27419. 
Gas  producers.    Dodd.  29381. 

Water-tube  boilers.  Stirling  】h>ih'r  Compaiiv.  and  Coii^taiitine. 
29537. 

1914. 

Flexible  metallic  tubing.    RiidoIj)li.    -*>  IS. 
Admission  valves  for  oil  engines.  Ht'n(k>rw)ii. 

Cylinders  tor  internal  coinbustion  en^in^s.  Scotts'  Ship  I'm  1(1  my 
and  Kngincuring  Company,  and  Kiclm rd.^on.    ； i2f>(i. 

ELECTRICAL  1913. 

Continuous  current  electric  hoisting  apparatus.    AUgcinoiue  Eiek- 

tricitats  Ges.  5529. 
Machine  telephone  switching  systems.     Western   Electric  ( 

pany.  5653. 

Method  of  increasing  the  streugtli  of  nuj^noth.   May.  78U8. 
Incandescent  electric  lamps.    Beckwith.  812:3. 
Electricity  nietefs.    Compngnie  Internationale  D'Elcciricitc  Soc. 
Anon.  11825. 

Tliernio  electric  current  c<»i)siun])ti()ii  regulator.    Caininati.  17tM7. 
Electrical  resistances.    H;、v  A:  Sullivan.  21109. 
Electric  condeiiser.s.    Bloxam.  28823. 
Sparking  plugs.    Spa  da.  2'J059. 

Electric  writing  telegraphs.    AVidogron  A:  Wn.k'^rcii.  Y2. 
Electrical  switches.    Luiulbcrg,  Lvindberg,  Lundberg,  and  Pegg. 
29721. 

1914 

M ； ichi no  teloplionc  switching;  systems.  AYesteni  Electric  Coiiii>ai]\  . 
895. 

Traiiist'orinors  for  use  in  connection  with  elect rir  nit'afeuriiig  instru- 
liitMits.    Siemens  Brothers  Dynamo  Works,  Ltd. 

.Machine  tulophono  switching  systems.  Western  Electric  Couipanv, 
Ltd.  5510. 

Vapour  electric  devices.    Weintraub.  (j'SoS. 


METAL  QUOTATIONS. 

TUESDAY,  APRIL  28th. 

Aluminium  ingot    80/-  per  cwt. 

,,         wire,  according  to  sizes,  &c  from  112/-  ，， 

sheets        ，，  ，，    ，，  112/-  ，， 

Antimony   £27/10/-  to  £29/-/-  per  ton. 

Brass,  rolled   7  Jd.  per  lb. 

tubes  (brazed)   9jd.  ，， 

，，       ，,     (solid  drawn)   8d.  ，， 

，，       ，,      wire    7  Jd.  ，, 

Copper,  Standard   £63/10/-  per  ton. 

Iron,  Cleveland   51/ -  it 

，, Scotch   57/-  " 

Lead,  English    £19/5/-  ，， 

，, Foreign  (soft)    £19/^/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/—  per  lb. 

"  ，,  "       medium   3/6  to  0/-  ，， 

，，  ，，  ，，       large   7/6  to  11/- ，， 

Quicksilver   £7/-/-  per  bottle. 

Silver   27}d.  per  oz， 

Spelter    £21/l'2/(;  per  ton. 

Tin,  block   £1：>0/1.3/- ，， 

Tin  plates,  I.C   12/10.1-  per  box. 

Zinc  sheets  (Silesian)   £24/15/-   per  ton. 

，，  (Stettin  ；  Vieille  Montagnc)   £25/2/6  ，， 


Junior   Institution   of  Engineers  ：    North-western   Section. ― A 

meeting  of  this  section  was  held  in  the  Municipal  School  of 
Technology,  Manchester,  on  Friday,  the  24th  ult.,  at  whicli 
a  lecture  entitled  1 '  Some  Notes  on  the  Application  of  Chain 
Gearing  J>  was  given  by  Mr.  H.  T.  Hildage,  M.I.C.E., 
Wh.Exh.  The  lecturer  dealt  with  the  present  limitations  of 
chain  driving,  and  instanced  the  great  progress  whicli  had 
hvvw  made  in  the  subject  in  a  very  short  time,  and  fore- 
sliaciowecl  still  further  improvement  and  an  extension  of  the 
j，ossil)le  acliieveinentvS  of  ''  chains. M  The  many  and  varied 
uses  of  cliains  were  amply  illustrated  by  a  nxunber  of  lan- 
tern views  ；  these  were  accomj)^ niccl  bv  details  from  the  author 
of  the  cconoiines  c fleeted  in  ])o\vcr,  floor  space,  upkeep,  and 
iirst  cost,  of  the  hiiprovemcmt  in  (jiialitv  of  prod uct,  and  ut' 
incrcaaecl  output. 


May  8,  1914] 


THE    MECHANICAL  KNGINKRR. 


425 


FLEXIBLE 


METALLIC  TUBING 


Original 


and 


of  the 
Celebrated 
Interlocked 
Section. 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,   Highest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c.  (i) 


HEAD  OFFICE: 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 
Now  a  smile  lie's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILE P 

NONLEAK  JOIN^, 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MASEl 
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Every  Iron  and  Steel  Works  should  be  provided  with  a  metallographic  laboratory 
with  a  suitable  equipment  iu  which,  by  Scientific  methods,  the  daily  working  may 
be  controlled  and  improved,  and  that  this  may  be  efficient,  every  worker  should 
be  familiar  with  the  principles  on  which  the  researches  are  based.  This  book  has 
been  prepared  for  the  use  of  those  who  are  commencing  the  study  of  metallography. 
The  work  is  a  thoroughly  practical  one,  theoretical  considerations  being  made  as 
brief  as  possible.  The  contents  comprise  exhaiistive  chapters  on  Microstmcture 
of  Iron  and  Steel  ；  Constitution  of  Iron  and  Steel :  Heat  Treatment  of  Iron  and 
Steel  ；  Micrographic  Examination  of  Failures  ；  Metallographic  Apparatus  and  its 
Manipulation. 
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reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  fir&t 
post  Wednesday  morning. 


THE  SCIENTIFIC  PUBLISHING  COMPANY, 

53,  New  Bailey  Street,  Manchester. 


Failures  of  Thick  Boiler  Shell  Plates. 

Although  we  cannot  recall  the  occurrence  during  a  great 
many  years  of  an  explosion  of  a  boiler  shell  from  the  sudden 
development  of  a  latent  defect  in  the  plates,  the  possibility 
of  such  a  disaster  is  ever  present  to  engineers  responsible 
for  the  safe  construction  and  working  of  steam  boilers.  This 
is  particularly  the  case  with  boilers  on  board  ship,  where 
they  are  often  of  large  size  and  worked  at  high  pressures, 
and  where  an  explosion  might  easily  entail  the  loss  of  the 
ship  and  all  on  board.  It  is  conceivable  that  some  of  the 
mysterious  disappearances  of  ships  at  sea  have  been  brought 
about  in  this  way,  for  such  an  explosion  would  leave  little 
trace  behind.  The  possibility  of  such  occurrences  has  some 
base  for  support  in  the  fact  that  many  failures  of  heavy 
boiler  plates  have  been  recorded  after  the  material  has  passed 
the  examinations  and  tests  applied  by  Lloyd's  and  the  Board 
of  Trade.  These  failures  have  fortunately  been  discovered 
later  during  hydraulic  test  after  completion  of  manufacture, 
but  the  fact  that  discovery  should  have  been  evaded  during 
the  testing  of  the  material  creates  a  fear  that  other  defects 
may  have  escaped  detection,  and  by  passing  into  service  have 
become  a  potential  source  of  danger.  Particulars  of  a  num- 
ber of  cases  of  defects  revealed  during  hydraulic  test  were 
given  by  Mr.  Milton,  the  chief  engineer  surveyor  to  Lloyd's 
Register,  in  a  paper  to  the  Institute  of  Naval  Architects  in 
1905 产 and  at  the  meeting  of  the  Iron  and  Steel  Institute  dur- 
ing the  present  week  the  subject  has  again  been  brought  under 
notice  in  a  paper  by  Mr.  S.  A.  Hougliton,  one  of  the  engineer 
surveyors  to  the  Board  of  Trade.  Though  the  sudden 
development  of  fractures  of  the  kind  recorded  are  not 
unknown  in  land  boiler  practice,  the  phenomena  are  not  so 
accentuated  as  they  are  in  marine  practice,  where,  owing  to 
the  large  (Hainet-ers  and  high  pressures,  boiler  shell  plates  are 

*  See  ••  The  Mechanical  Engineer,"  July  '22nd  and  *29th,  1905.  Vol.  XVI..  pages 
110  and  173. 
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of  much  greater  thickness.  In  the  cases  i  evealed  by  Mr. 
Milton ，  careful  im'estigat  ion  of  the  fractures  themselves, 
coupled  with  subsequent  test's,  suggested  the  existence  of 
abnormal  st  t'esses  or  almoriiial  chemical  composition  which 
evidently  escaped  the  usual  tensile,  elongation,  and  bending 
tests  applied  by  inspecting  authorities  to  the  material  at  the 
steel  works,  and  that  in  a  certain  percentage  of  cases  material 
of  apparently  sound  quality  could  become  possessed  of  sudi 
abnormal  properties  as  to  be  dangerous  for  use  in  boiler 
shells,  even  though  made  by  the  acid  process,  for  basic  steel 
has  always,  in  this  country  at  all  events,  been  largely  suspect 
lur  boiler  purposes,  though  extensively  used  abroad.  The 
question  as  to  how  the  cases  referred  to  by  Mr.  Milton  arose, 
and  the  best  methods  to  employ  for  their  detection  were  not 
greatly  illuminated  by  the  discussion  which  took  place  when 
his  paper  was  read,  though  the  need  of  further  investigation 
was  obvious. 

Mr.  Houghton  in  his  paper  does  carry  the  enquiry  into 
the  matter  a  little  further,  though  it  does  not  furnish  a  final 
solution,  and,  in  fact,  is  put  forward  rather  to  elicit  criticisms 
and  suggestions  than  to  formulate  any  dogmatic  conclusion. 
The  list  of  21  failures  recorded  as  coming  under  his  notice 
du ring  the  last  15  years  is  certainly  evidence  that  present 
methods  are  not  satisfactory.  These  failures  are  divided  into 
three  classes :  (1)  Plates  in  which  partial  cracks  only  have, 
occurred  ；  (2)  plates  which  have  cracked  right  across  in  the 
boiler  shop  ；  and  (3)  plates  which  have  failed  under  hydraulic 
test.  We  do  not  propose  to  discuss  the  various  failures  in 
class  (1),  since  it  is  our  intention  to  reproduce  the  paper  in 
full.  We  think,  however,  they  afford  a  good  deal  of  support 
to  Mr.  Houghton's  conclusion ― that  the  "  hammer-dressing  ，， 
to  which  plates  after  rolling  are  often  subject,  to  remove 
visible  surface  defects,  is  one  of  the  chief  causes  of  failure, 
and  that  this  obnoxious  practice  should  cease.  Another  contri- 
butory cause  suggested  for  this  class  of  defect  is  that  severe 
internal  stresses  are  occasionally  set  up  in  heavy  plates  owing 
to  their  stiffness  and  inability  to  buckle  in  the  manner  that 
thin  plates  do  when  the  rolls  are  not  true.  That  stresses  may 
be  produced  in  this  way  is  undoubted,  and  it  is  equally  true 
that  it  is  impossible,  after  the  plates  are  rolled,  to  determine 
their  】nagnitude.  A  third  source  of  trouble,  it  is  pointed 
out,  is  the  uneven  cooling  that  arises  when  plates  are  not 
carefully  piled  after  rolling,  as  occurs  in  some  works,  and 
which  may  lead  to  a  plate  not  wholly  covered  being  main- 
tained for  some  time  at  a  temperature  of  700°  C.  This  is 
well  known  to  be  dangerous  owing  to  the  molecular  change 
brouglit  about  by  the  pearlite  partially  changing  into 
cementite.  A  fourth  is  the  practice  sometimes  indulged 
in  of  finishing  the  plates  at  too  high  a  temperature,  or  cooling 
them  too  slowly  at  an  improper  temperature.  The  only 
satisfactory  way  to  ensure  freedom  from  these  troubles  is  to 
anneal  the  plates  after  manufacture,  but  here  again  it  would 
seem  the  ground  is  not  clear  and  that  pitfalls  may  exist,  for 
the  most  suitable  temperature  for  annealing  plates  has  not 
been  definitely  settled,  nor  does  it  appear  that  one  tempe- 
rature is  best  for  all,  while  plates  containing  a  higher  per- 
centage of  phosphorus  call  for  more  drastic  annealing  than 
those  containing  a  smaller  percentage,  and,  finally,  it  would 
appear  that  plates  may  be  exposed  to  annealing  temperature 
too  long. 

A  good  deal  of  Mr.  Houghton's  reasoning  is  based  on  the 
light  afforded  by  micrographic  analysis,  and  though  to  many 
engineers  this  latter-day  method  seems  to  savour  too  much  of 
the  laboratory  to  be  of  value  in  the  workshop,  there  is  no 
floubt  it  throws  a  flood  of  light  on  many  phenomena  that 
have  hitherto  been  obscure,  but  which  obviously  play  a  large 
|':u't,  in  steel  failures  in  practice,       The  inirrooraphs  show 


i\y<it  many  of  the  failures  are  due  to  segregation  arising  out 
()f  the  practice  of  using  too  large  a  proportion  of  the  ingot, 
aiid，  conversely,  to  cut  too  small  a  portion  away  where  segre- 
gatioii  occurs.  If  the  weight  of  a  plat«  much  exceeds  45  per 
cent,  of  the  ingot  there  is  a  probability  of  a  segregated  por- 
tion l>einn;  included  in  the  plate,  and  that  if  the  proportion 
<»t'  tl»e  Ingot  used  amounts  to  60  per  cent,  the  probability 
becomes  almost  a  certainty.  The  practice  of  using  too  small 
an  ingot  may  be  put  down  as  one  of  the  main  sources  of  tlie 
defects  recorded.  It  is  difficult,  after  a  defective  plate  has 
been  discovered,  to  trace  exactly  how  much  of  the  ingot  was 
rejected  when  the  plate  was  rolled,  but  where  circumstances 
have  permitted  of  this  being  done  it  is  clearly  proved  that 
the  use  of  too  small  an  ingot  is  not  only  a  serious,  but  a 
rather  prevalent,  evil. 

It  is  impossible  here  to  summarise  all  the  impor- 
tant, features  of  Mr.  Houghton's  paper,  but  we  cannot 
dismiss  it  without  mentioning  some  other  factors  which 
doubtless  aggravate  any  inherent  stresses  in  the 
plate.  Some  of  these  arise  from  the  fact  that  when  a 
boiler  is  put  to  work  and  subject  to  internal  pressure  and 
temperature  the  movements  of  the  structure  are  not  uniform. 
As  an  illustration  he  quotes  the  case  of  the  double-ended 
marine  boiler,  where  at  mid-length  the  shell  plates  are  braced 
horizontally  by  the  screwed  stays  uniting  the  wing  combustion 
chambers  to  the  boiler  sides,  so  that  under  the  influence  of 
pressure  the  tendency  is  to  elongate  the  vertical  diameter.  In 
addition  to  this  a  certain  amount  of  barrelling  of  tlie  shell 
takes  place,  owing  to  the  ends  being  immovably  fixed  to  the 
end  plates.  Such  changes  of  form  inevitably  entail  complex 
stresses  in  the  shell  plates,  and  their  magnitude  is  difficult  to 
estimate  precisely,  though  it  requires  little  consideration  to 
show  they  must  be  serious.  A  number  of  the  fractures  re- 
corded have  arisen  in  the  neighbourhood  of  manholes.  It  is 
obvious  that  where  an  opening  is  cut  in  a  circular 
shell  extra  stresses  are  set .  up,  and  it  is  usually 
assumed  that  granted  a  sufficient  area  of  section  of  compensa- 
ting ring  is  afforded  the  local  weakness  due  to  cutting  of  the 
opening  may  be  atoned  for.  It  is  not,  however,  so  fully 
recognised  that  unless  care  is  taken  in  riveting  the  com- 
pensating ring  or  mouthpiece,  further  stresses  may  be 
brought  into  play  by  the  operation  of  riveting,  especially 
with  tlie  powerful  hydraulic  machines  now  used.  With 
thick  plates  it  is  difficult  to  make  the  curvature 
of  ring  and  shell  identical,  and,  unless  they  are  so,  a 
process  of  creeping  takes  place,  which,  if  not  carefully  distri: 
buted  by  rimering  the  holes,  may  lead  to  localisation  of  stress 
at  one  or  two  rivet  holes,  sufficient,  in  conjunction  with 
initial  defects  in  the  material  or  even  without  this  predis- 
position, to  cause  fracture.  Mr.  Houghton  summarises  the 
results  of  his  enquiry  in  the  following  recommendations  for 
eliminating  defects  in  thick  boiler  plates  ：  (1)  That  the 
weight  of  the  plate  as  cut  should  not  exceed  45  per  cent,  of  the 
ingot:  (2)  that  thick  plates  should  be  effectively  annealed,  and 
a  careful  pyrometer  and  time  record  kept  of  the  process  ；  (3) 
that  the  phosphorus  content  should  not  exceed  0'05  per  cent  , 
or  with  arsenic  0  06  per  cent.  ；  (4)  that  all  surface  defects 
which  require  dressing  should  be  first  examined  by  an 
independent  inspector  and  such  defects  afterwards  stamped 
on  the  dressed  part  ；  (5)  that  occasional  transverse  tests 
should  be  taken  from  the  centres  of  the  ends  or  sides  of  the 
plates  as  well  as  from  the  opposite  corners.  It  may  be  tliat 
the  adoption  of  these  recommendations  would  not  entirely 
eliminate  the  obscure  failures  to  which  attention  is  drawn, 
for  the  causes  which  lead  to  tlietn  are  complex,  but  they 
would  ； it  all  events  diminish  tlie  risk  of  their  orcurrence. 
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DECARBURISATION  DURING  THE  HARDENING  OF 
STEEL  DIES. 

In  a  short  note  read  at  the  recent  meet  in^  of  Hie  Irmi  ami 
Steel  Institute,  Mr.  II.  C.  Greenwood,  D.S.-.,  drew  aih'iil  ion 
to  a  curious  case  of  decarhurisat  ion  during  t  lit'  liardenin^ 
steel  dies.  He  stated  that  in  sonic  prcliminarv  trials  of  ； m 
electric  mufile  for  hardening  steel  tiu、s，  (lie  steel  (containing 
about  1  per  cent,  of  carbon  and  1  per  cent,  of  cliroJiiiuin)  was 
allowed  to  soak  at  820°  C.  for  an  unnecessarily  long  time, 
namely,  about  one  and  a  half  hours,  in  order  to  make  qui"' 
sure  of  uniformity  of  temperature.  The  working  face  of  the 
die  was  protected  against  scaling  by  a  sheet-iron  cover  filled 
with  powdered  charcoal.  On  removal  from  t\\e  i'ur'iiacc  t  lie 
cover  was  knocked  off,  the  face  hi'ushed  free  from  charcoal, 
and  the  block  quenched  under  a  spray.  Curiously  enougli 
the  working  face  which  luul  t)oen  in  contact  with  charcoal 
during  the  heating  was  found  to  be  superficially  soft,  while  all 
the  other  parts  of  the  die  (which  by  the  way  had  a  less  sudden 
cooling)  were  perfectly  hard .  The  surface  could  be  filed  to  ； i 
depth  of  about  half  a  millimetre,  below  which  the  steel  was 
glass  hard.  This  behaviour  was  not  confined  to  a  single 
instance,  but  was  observed  in  all  cases  where  the  surface  was 
protected  in  this  way.  If  the  face  were  left  bare  the  surface 
was  perfectly  hard  but  somewhat  pitted  by  oxidation.  This 
difficulty  was,  however,  overcome  by  using  some  incil 
powder,  such  as  fine  sand,  instead  of  charcoal,  to  cover 
surface,  no  diminution  of  the  hardness  l)eing  effected. 

Tt  only  remained  to  seek  an  explanation  of  the  paradoxical 
action  of  tlie  charcoal  in  softening  the  surface  layer.  Some 
test  strips  of  the  steel  were  accordingly  taken  and  heated 
under  the  same  conditions,  packed  in  charcoal,  for  about  one 
and  a  half  hours,  while  similar  strips,  unprotected  in  any 
way,  were  heated  alongside.  All  were  quenched  together, 
and,  after  annealing  at  600°  and  cleaning  with  emery,  the 
respective  surfaces  were  planed  off  (taking  a  very  light  cut) 
and  combustions  made  of  the  planings.  This  procedure  was 
repeated,  changing  round  the  specimens  after  machining  off 
^in.  from  each  surface.  The  analyses  gave  the  following 
results  ： — 


First 

Second 

Rxpcrinicnt. 

Experiment. 

Carln.n,  pi'rct'nt. 

Carlion.  ]icr  cent. 

Specimen?  proteotod  by  cliarooal 

o-as 

0')!) 

SprciiiU'iis  unpi\)te'ct(.-<l  l)y  charcDal  . 

1-08 

0-87 

It  is  clear  from  these  results  that  a  decarburisation  of 
the  surfaces  in  contact  with  carbon  had  been  effected,  and 
this  is  confirmed  by  the  fact  that  the  soft  skin  persists  on 
reharclening.  Why  sucli  an  action  should  take  place  is, 
however,  not  very  obvious,  and  the  main  reason  for  publish- 
ing this  note  is  to  ascertain  if  any  similar  effect's  have  been 
observed  by  others.  The  analytical  part  of  these  experiments 
was  carried  out  in  the  Metallurgical  Departnient  of  the 
University  of  Sheffield. 


The  Junior  Institution  of  Engineers. —- This  Institution  aimounco 
the  following  engagements  for  the  present  month  :  May  8th, 
Bohemian  concert  at  Pillar  Hall,  Victoria  Station,  8  p.m., 
the  President,  Sir  Boverton  Redwood,  Bart.,  D.Sc,  in  the 
diair.  May  15th,  at  39，  Victoria  Street,  8  p.m.,  lectuvetto 
by  Mr.  W.  V.  Ti'eeby  on  "  A  Few  Notes  on  the  Design  of 
Surface  Condensing  Plant."  May  lGtli,  visit  to  Southwark 
Bridge  widening  works,  2-30  p. in .  North-western  Section, 
ramble  round  Buxton.  May  18th,  meeting  at  the  Institut  ion 
■of  Electrical  Engineers,  Victoria  Embankment,  8  p.m. ； 
pa])er  on  "  Static  Transformers  :  Their  Design  and  A]>plica- 
tion  ，'  by  F.  R.  Peters  ( I )ur]i;un  Bursar,  1912-13).  Mav  iMst, 
Nortli-western  Section,  meeting  at  Java  Cafe,  '_Mi,  C'orporat ion 
Street,  Manchester,  7-45  p.m.,  paper  on  "  Pattern  Making  " 
by  T.  R.  Scho field.  May  22nd,  at  39，  Victoria  Street,  8  p.m., 
discussion  on  "The  Neglected  Steam  Car"  led  by  M r.  \\ . 
S.  Box，  M.A.  May  28th,  visit  to  Messrs.  J.  A.  Cvirle,  Ltd., 
Persevemnce  Glars 'Works,  '2 -W0  p.m.  May  '2?Ah,  last  Friday 
evenino;  gathering  at  39，  Victoria  Street,  for  present  session. 


RECORDING  PYROMETEKS. 

At  a  meeting  t  he  Kin  adav  Socict  v  held  on  April  •」•— 'n'l,  -Mr. 
(Mia  rles 】t.  Darling  read  a  |»a|)fr  on  ••  Hcronlin*;  l)v'om''， ''r  , 
ill  ('(>mi('rf  ioii  wit  h  which  a  full  display  of  t  Ik*  most  i  c<-«-nt 
types  of  inst  nmienis  was  oxhihit^d.  A  Iter  rcl'ii  rin^  to  the 
pioneer  work  of  Lo  Chatelier  and  I{ol>crts-Austen  in  coniur- 
t  ion  wit  h  high-terri|)<M  at  urc  n'ronls,  t  lie  aut  Ihji*  referred  I 
the  types  of  pyrometer  at  present  in  use,  wliicli  were  capable 
of  yielding  continuous  records,  and  dealt  with  the  s|"'  i;il 
applications  of  eacli  class.  Tlie  requirements  of  modern 
furnace  practice  in  relation  to  records  were  iifxt  < I ea  1 1,  "illi, 
a  distinction  being  made  between  instruments  suit for 
laboratory  and  workshop  respectively.  Typical  thfrmoelect  i  n- 
recorders  were  then  described,  the  essential  features  in  all 
cases  being  (1)  the  intermittent  contact  of  the  pointer  of  the 
indicator  with  the  moving  chart,  wl"('li，  in  conjuiictioM  with 
an  inking  device,  produced  a  mark  indicating  the  tempe- 
rature ； (2)  an  arraii^ement  consisting  of  an  automatic  s\vit<  li 
which  enabled  records  from  several  pyrometers  to  be  secured 
on  the  same  paper.  The  special  advantages  of  the  Siemens- 
llalske,  Leskole,  Foster,  Thread,  Paul,  and  Leeds-Northrup 
recorders  were  described  by  reference  to  the  actual  apparatus. 
It  was  pointed  out  that  any  of  these  recorders  could  l»e  u -fi 
in  conjunction  with  radiation  pyrometers,  the  chart  being 
specially  divided  for  such  purpose.  Recorders  lor  resistance 
pyrometers  were  next  described,  the  advantage  of  this  tvpe 
being  superior  sonsit  iv(Muss.  The  examples  rliosen  for 
description  were  the  forms  due  to  Callendar,  Paul,  and 
Nortlirup.  It  was  pointed  out  t  liat  as  in  t he  latest  paltci  ns 
of  recorders  considerable  power  was  available,  controlled  In' 
the  pyrometer,  it  was  lii^lilv  pn)l)al)le  that  the  automat  i<- 
control  of  furnace  temperatures  would  be  realised  in  tlie  i:，'；ir 
future,  the  mechanism  being  utilised  to  regulate  t he  su])]»lv 
of  gas,  oil,  electric  current,  or  coal  dust  when  continuously 
fed.  In  conclusion,  a  tribute  was  paid  to  the  National 
Physical  Laboratory  for  the  excellent  work  perfonned  in 
standardising  recorders  and  pyrometers  generally,  so  that  all 
types  could  now  be  relied  upon  to  agree  in  their  indication-;. 

In  the  discussion  which  followed,  Dr.  J.  A.  Harker 
referred  to  the  usefulness  of  the  paper  in  view  of  the  search  、■ 
of  literature  on  the  subject,  and  he  praised  the  excellence 
of  the  instruments  exliibitetl.  lie  hoped  some  information 
would  be  forthcoming  with  regard  to  the  comparative  life  and 
efficacy  of  the  various  types.  Some  confusion  in  pv romet ric 
measurements  had  sometimes  arisen  on  account  of  the  t wo 
systems  of  standardisation  in  use,  namely,  the  usual  method 
of  comparison  by  reference  to  the  melting  points  of  certain 
metals,  and  by  reference  to  one  fixed  point,  namely,  the 
melting  point  of  potassium  sulphate.  This  was  often  assumed, 
following  the  older  workers,  to  be  1,015°  C.，  whereas  it  was 
actually  about  1,070°.  Mr.  R.  S.  Whipple  thought  the  difli- 
culty  of  working  the  Callendar  iiistriunent  Ii;ul  been  over- 
rated ； over  400  of  these  were  in  use  in  charge  of  men  not 
specially  skilled.  Mucli  work  l'.ad  been  done  with  recorders 
in  the  control  of  heat  supply.  He  instanced  a  steel  works  in 
which  by  the  regulation  of  the  hot  air  mains  a  constant 
temperature  of  700°  C.  was  maintained  to  within  10°.  A 
spectroscope  used  for  measuring  the  velocities  of  stars  in  the 
line  of  sight  was  being  kept  at  a  temperature  constant  within 
jxio°C.  He  further  instanced  a  large  soldering  iron  used  for 
tinplate,  where  constancy  of  temperature  was  most  important, 
which  was  being  regulated  by  recorder  control.  Mr.  C.  E. 
Foster  dwelt  on  the  necessity  of  educating  the  user  to  want 
control.  He  emphasized  the  advantages  of  base  metal  tlienno- 
couples  which  gave  large  and  constant  electromotive  fnnes. 
Mr.  E.  H.  Raynei-  hoped  the  author  would  add  to  his  paper 
a  table  of  standard  melting  points,  so  tliat  users  of  pyrometers 
could  know  what  temperatures  for  standardising  were  recom- 
mendod.  Mr.  R.  W.  Paul,  referring  to  the  motor  drive,  for 
which  he  disclaimed  originality,  said  that  it  was  nei*es>arv  to 
have  am  pie  power  so  as  to  have  a  large  margin  to  waste  in 
governing.    Surprising  accuracy  of  speed  was  then  attainable. 

Mr.  Darling,  in  replying  to  the  discussion,  said  the 
Callendar  instrument  was  aclnurable  where  there  was  no 
vibration.  lie  agreed  as  to  the  future  of  base  metal  couples, 
as  homogeneous  alloys  could  now  be  obtained,  hut  above 
1 ,200°  C.  radiation  pyrometers  should  l>e  used. 
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HIGH-POWER  DIESEL  ENGINES:  THEIR  DEVELOPMENT  FOR 
MARINE  SERVICE.* 

BY  JAMES  RICHARDSON,  B.SC.，  A.M. INST. C.E. 

(Continued  from  p<if/c  JfOO.) 
？ J nr/in e  Fram in f/.— The  engine  framing  takes  the  tension 
load  due  to  the  piston  load  and  also  the  side  thrust  of  the 
crosshead,  and  must  be  designed  also  to  give  to  the  engine 
the  requisite  degree  of  stiffness.  In  considering  the  latter, 
the  question  of  balance  of  the  engine   must  be  taken  into 


account.  The  following  leading  types  of  framing  are  sug- 
gestive of  the  lines  upon  which  the  high-power  engine  will 
be  developed  :  (1)  The  mercantile  steam-engine  framing  of 
cast-iron  columns  at  the  back  and  the  front  of  the  engine 
(Figs.  9  and  10).  A  combination  of  cast-iron  columns  with 
turned-steel  columns  at  the  front,  frequently  adopted  with 
steam  engines,  is  shown  in  Fig.  11.  (2)  The  cylinders  sup- 
ported on  a  cast-iron  framework  for  rigidity,  whilst  the  piston 
load  is  taken  by  means  of  through  bolts  relieving  the  cast-iron 
framing  of  tension  stress  (Figs.  12  to  14).  (3)  The  engine 
carried  entirely  on  a  system  of  through  bolts  and  turned-steel 
columns  suitably  reinforced  by  bracing.    In  Fig.  15  the  cast- 

n 


Fig.  9. 


iron  columns  are  introduced  simply  to  carry  the  guides.  In 
Fig.  16  the  turned-steel  columns  are  reinforced  by  steel  cast- 
ings.   (4)  Steel  plate  and  angle  structure  (Fig.  17). 

In  this  all-important  question  of  type  of  framing,  steam- 
engine  experience  is,  of  course,  invaluable,  but  lessons  there- 
from are  in  no  way  conclusive  unless  the  pressure  and  load 
differences  are  thoroughly  investigated  and  appreciated.  The 
manner  in  which  the  author  has  attempted  to  show  this  is 
given  in  Figs.  18  to  21.  Fig.  18  shows  the  guide  loads  for 
steam  and  oil  engines  having  similar  initial  piston  loads.  In 
Table  II.  are  stated  the  calculated  values  of  the  bending 
moments  from  these  loads  for  a  standard  engine  column  ；  from 
these  data  the  bending  moment  has  been  drawn  for  any 

*  Paper  read  before  the  JuDior  Institution  of  Engineers,  April  20th,  1914. 


position  of  tlie  working  stroke  and  for  any  point  on  the 
column  (Fig.  19).  By  obtaining  the  moduli  of  the  sections, 
as  shown  in  Fig.  20，  the  stress  in  any  section  can  be  obtained, 
as  seen  in  Fig.  21,  both  for  the  steam  and  the  oil  engine. 

Whereas  with  the  steam  engine  the  stress  varies  from  plus 
8()01bs.  to  minus  6001bs.  per  square  inch,  with  the  oil  engine 
the  variation  is  from  plus  3701bs.  to  minus  3401bs.  per  square 
incli  for  the  same  tension  load.    In  this  way  the  ratio  of  the 


Fig.  10. 


bending  to  the  tension  load  with  steam  engines  is  015,  com- 
pared with  0*082  with  oil  engines,  showing  that  relatively  the 
tension  load  is  of  greater  importance  in  the  case  of  the  oil 
engine,  and  that,  in  consequence,  the  steam-engine  framing 
cannot  be  advocated  for  the  oil  engine  with  the  same  force  as 
for  the  steam  engine. 

Partly  in  view  of  the  foregoing,  a  system  of  taking  the 
tension  direct  from  the  cylinder  to  the  bedplate  would  seem 
to  be  essential  for  large  engines,  not  only  from  the  point  of 


Flfi.  11. 

view  of  the  framing,  but  also  from  the  point  of  view  of  the 
bedplate  (Fig.  22).  With  cast-iron  columns  taking  the 
tension  load,  the  bedplate  requires  to  be  correspondingly 
stiffer,  because  tlie  tension  load  must  be  transmitted  from  the 
columns  to  the  bedplate,  and  through  the  latter  to  the  crank- 
shaft by  way  of  the  main  bearings.  With  through  bolts, 
however,  the  tension  load  is  taken  from  the  cylinder  direct 
to  the  bedplate  close  to  the  main  bearings,  so  relieving  the 
bedplate  proper  of  considerable  stress  and  reducing  tlie  bend- 
ing moment  in  the  cross  girders  to  about  two-fifths  of  that 
without  through  bolts. 
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When  the  design  of  cylinder  lioad  i>()rmits，  tJio  sparing  oi 
Hie  through  holts  should  be  such  as  to  reduce  to  a  minimum 
the  bending  moment  (u)  between  tlie  seating  and  (he  f  lirou^h 
bolts,  and  (b)  between  the  two  throu^li  liolts.  The  curves 
(Fig.  23)  show  this,  and  also  that,  whereas  it  is  convenient 


Fig.  12, 


to  make  the  bedplate  of  deep  and  strong  section  underneath 
the  crank  shaft,  its  strength  rapidly  diminishes  to  accom- 
modate the  seating  towards  the  point  of  fixing  at  the  seating. 
Table  III.  gives  values  in  practice  and  the  approximate 
values  of  the  bending  niotnent  for  different  ratios  of  a/1. 


丁 


Fig.  13. 

The  advantages  of  this  method  iu  reducing  the  bending 
moment  are  obvious. 

The  construction  of  the  future  would  seem  to  require 
through  bolts,  either  from  the  cylinder  head  or  the  cylinder 
itself  from  above  the  exhaust  and  scavenging  ports  to  the 
bedplate  in  way  of  the  crank  shaft.  Another  very  important 
advantage  with  through  bolts  to  the  cylinder  head  is  the  fact 
that  the  cylinder  is  relieved  of  all  tension  stresses.  This 
forged-steel  structure  may  require  to  be  reinforced  by  some 
form  of  cast  structure  for  stiffness  and  to  carry  the  guitlos  ： 
but  to  what  extent  and  of  what  nature  it  is  difficult  to  foresee, 
as  the  question  of  vibration  due  to  lack  of  balance  is  one  best 
settled  by  experience. 

In  view  of  the  number  and  variety  of  types  of  framing  at 
present  advocated  and  built,  as  illustrated  in  Figs.  8  to  17， 
it  may  be  inferred  that  the  desigu  of  the  future  is  an  entirely 
open  question. 


Fig. 


quently  occurred  in  this  section.  To  estimate  accurately  tlio 
actual  stress  in  a  crank  web  of  a  multiple-crank  engine  is 
exceedingly  difficult.  The  following  formula  for  web  thick- 
ness is  suggestive,  and  gives  limiting  values  for  the  web 


scantlings  if  a  stress  of 
for  good  quality  steel:  — 


9,0001bs.  per  square  inch  be  taken 


590  D-  R  ,  196  D2  ,  T  max. 

f=    be    +-bT  +— 


in  whicli- 


(T  max.  *1  S) 


b-t 


/  =  stress  pounds  per  square  inch. 
=  diameter  of  cylinder  in  inches. 
― lengtli  of  crank  pin  iu  inches. 
= breadth  of  web  in  inches. 
= thickness  of  web  in  inches. 
= diameter,  of  crank  shaft  in  inches. 
= stroke  of  crank  shaft  iu  inches. 
T  max.  二  Maximiun  turning  nioinent,  63,030  b.h.p 
N  =  revolutions  per  minute. 
K  =  ratio  T  max.  T  meau. 


K  N 


Crank  Shafts. ― The  strength  of  the  crank  shaft  is  to  some 
considerable  extent  proportional  to  the  strength  of  the  crank 
webs,  as  failures  with  multiple  crank  shafts  have  most  fre- 


乂  J 
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Fig.  22. 
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Fig.  23. 


This  formula  gives  the  summation  of  the  three  types  of 
stresses  in  this  part.  The  first  term  represents  the  stress  due 
to  the  piston  load  acting  directly  through  the  crank  pin.  The 
second  is  merely  that  of  crushing,  and  the  third  is  that  due 
to  the  transmission  of  the  torque.  For  crank  shafts  of  four 
or  less  cranks,  the  first  term  is  by  far  the  most  important,  so 


tion  that,  with  four-cycle  practice,  the  breadth  of  the  web  is 
a  greater  multiple  of  the  thickness  than  with  two-cycle 
engines.  This  is  due  to  the  spreading  out  of  the  cylinder 
centres  with  two-cycle  engines  in  order  to  accommodate  the 
exhaust  belt. 

The  next  curve,  Fig.  25,  shows,  as  would  be  expected,  that 
the  thickness  of  the  web  is  proportional  to  the  diameter  of 


Scale  7'^460  Jrt 


Ftg.20, 


that,  roughly,  the  strength  of  the  crank  web  may  be  stated  as 
being  proportional  to  b  t2. 

Crank  webs  may  be  calculated  upon  the  basis  of  the  twist- 
ing of  square  shafts,  but  the  data  on  this  subject  are  very 
meagre.  The  strength  of  the  crank  web  should,  of  course,  be 
equal  to  the  strength  of  the  crank  shaft,  and  if  it  can  be 
stated  tli at  in  usual  Diesel  engine  practice  the  thickness  t  is 


Fig.  17. 

the  yhaft,  and  the  law,  as  seen  from  the  curve,  is:  t  ―  0*545  d 
for  two-cycle  engines,  and  t  =  0'482  d  for  four-cycle  engines. 

If  it  be  assumed  that  the  stroke  of  the  engine  is  propor- 
tional to  the  diameter  of  the  cylinder,  then  the  power 
developed  by  the  engine,  or  the  forces  acting  upon  the  crank 
shaft,  are  proportional  to  the  diameter  of  the  cylinder  cubed, 
i.e.,  D3，  in  which  case  the  diameter  of  the  shaft  should  be 


Sckutv  Engine-}, 


0/A6RAM  OF  BENDING  STRESSES  IN  COLUMNS. 


i  Steam,  Erw.  -  €OO^0-A- 
J^.  Stress Jhx^ to 'BM- 1      ^  £^.-340^-8- 


Mace.  Stress  Due  to  +M.  X' 


.{Stsanv  En^r 
~|    OU  Eng，3H 力- 


proportional  to  the  breadth  b,  then  ;;  t2  should  be  proportional 
to  d3，  where  d  is  the  diameter  of  the  crank  shaft,  and  t  pro- 
portional to  d.  In  Fig.  24  it  is  shown  that  t  is  roughly  pro- 
portional to  h,  the  law  being  ：  /  ^0*434  b,  or  6  =  2*3  t. 

The  curves  shown  in  Figs,  24  to  27  are  made  up  from  a 
number  of  engines  representing  current  practice.  The  figure 
above  the  points  in  this  and  subsequent  curves  dealing  with 
crank  shafts  refers  to  the  number  of  cylinders,  and  a  star 
refers  to  high-tensile  steel.  These  are  not  informative,  but 
the  hollow  points,  as  opposed  to  the  full  points,  give  indica- 


proportional  to  the  diameter  of  the  cylinder,  and  the  curve 
(Fig.  26)  shows  that  this  is  approximately  true  for  two-cycle 
and  four-cycle  engines  of  four,  six,  and  eight  cylinders,  in 
which  d  =  0'58  D. 

In  the  foregoing,  so  nearly  do  the  curves  approximate  to  a 
straight  line  that  it  would  seem  that  the  theoretical  supports 
for  the  crank  shaft  must  be  spaced  equally  in  proportion  to 
the  cylinder  diameter,  and  the  curve  (Fig.  27)  shows  this  to 
be  approximately  the  case  where  D  =  0*472  L  (length  between 
bearing  centres)  or  L  =  2'12  D. 
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0 

0 

0 

*  c  =  the  constant  distance  between  the  top  point  of  fixation  of  the 
engine  column,  ami  the  point  of  application  of  the  guide  loatl  at  the  crank, 
top  (lead  centre.       1 1  =  length  of  column  in  inches. 

Table  III. 

Effect  of  Through  liolts  on  ]U  ndinfj  M omtut  in  Bt  fl plnft . 
(See  Figs.  22  and  23). 
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For  working  out  crank  shafts  to  a  first  approximation, 
without  taking  into  account  the  (juestiou  of  balance,  method 
of  drive  of  scavenging  pumps,  or  whether  the  compressor  is 


°0 


7Ha-.  of  ^Uruter  D  Inches. 

Fig.  26. 


*  At  present  this  rule  is,  with  other  oil  engine  reoommendations,  before 
the  Technical  Committee  of  this  Society  for  consideration  and  possible 
amendment. 


For  crankshafts,  d  =  /^J 


D2  x  P  (S  +  L) 
C 


w  hen  : ~ 


d  =  diameter  of  shaft  in  inches. 

D  =  diameter  of  cylinder  in  inches. 

S  =  stroke  of  piston  in  inches. 

L  =  length  between  edges  of  bearings  in  inches. 

P  =  maximum  initial  pressure  lb.  per  square  inch. 

C  =  constant. 


For  four-cycle  engines 
Single  acting. 
No.  of  cylinders. 
1,2,  3，  4. 
6 
8 
12 


C. 

•  9000 

•  8500 

•  8000 

•  7500 
•7000 
.麵0 
.4500 

f  These  apply  to  cases  where  the 
pulses  occur  simultaneously. 


For  two-cycle  engines. 
Single  acting- 
No.  of  cylinders. 
1,2,  3. 
4 

6 

-  8 

(n 

8 卞 

•ranks  arc  so  arranged  that  t\\  u  iui- 


2      4       6       S      W  iZhvs, 
Diou.of  Shaft' ff-. 

Fig.  25. 

driven  from  the  engine,  the  crank  shaft  rule  of  the  British 
Corporation  for  the  Survey  and  Registry  of  Shipping*  works 
out  very  well  for  the  great  majority  of  cases. 
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STARTING  DEVICE  FOR  INTERNAL-COMBUSTION  ENGINES. 

One  of  the  inconveniences  attending  the  use  of  internal- 
combustion  engines  is  their  want  of  flexibility.  For  instance, 
when  it  is  required  to  start  large  engines,  or  when  the  engine 
is  misfiring  or  is  temporarily  overloaded,  it  is  necessary  to 
assist  the  engine  from  an  additional  source  of  power  to 
maintain  the  requisite  pressure  in  the  cylinders.  To  obviate 
this,  Mr.  L.  A.  C.  Letombe,  46，  rue  de  Londres,  Paris,  has 
designed  and  patented  the  device  illustrated  herewith,  by 
means  of  which  the  flexibility  of  an  internal-combustion 
engine  is  automatically  increased  at  the  moment  of  starting, 
or  in  the  case  of  an  excessive  overload  being  placed  on  the 
engine,  by  an  automatic  admission  of  an  auxiliary  fluid  such 

as  compressed  air  or  vapour, 


Vu.. 


supplied  to  the 
several  cylinders  of  the 
engine  by  means  of  a 
balanced  valve  temporarily 
unbalanced  under  the  in- 
fluence of  the  engine 
governor,  this  auxiliary 
driving  medium  being  of 
course  maintained  at  a 
pressure  higher  than  that 
which  can  be  attained  by 
the  combustion  of  the 
charge  in  the  cylinder  in 
the  event  of  the  engine  being  subjected  to  temporary  over- 
loading. 

A  general  diagram  of  the  arrangement  is  shown  in  Fig.  1 . 
A  represents  the  internal-combustion  engine  ；  B  is  the 
exhaust  pipe,  the  gases  issuing  from  this  pipe  passing  into 
the  smoke  tubes  of  the  steam  generator  C.  The  steam  supply 
pipe  of  this  generator  is  connected  with  an  apparatus  D  for 
the  distribution  of  the  additional  fluid,  running  synchronously 
with  the  distributing  gear  of  the  engine.  This  distributor  is 
controlled  by  the  governor  E  of  the  engine  by  the  intermediary 
of  a  valve,  in  such  a  manner  that  it  does  not  distribute 
additional  fluid  until  the  revolutions  fall  below  a  minimum 
limit. 

Fig.  2  illustrates  in  detail  a  constructional  form  of  dis- 
tributor for  additional  fluid  combined  with  an  admission  valve 


1  c 

controlled  by  the  engine  governor.  The  additional  fluid, 
which  is  produced  by  means  of  the  heat  units  contained  in  the 
exhaust  gases,  that  is  to  say,  the  steam  obtained  from  the 
generator  C，  proceeds  through  the  steam  supply  pipe  into  a 
chamber  G  serving  as  the  chest  of  a  valve  X  which  is  balanced 
by  a  piston  H.  The  inner  faces  of  the  valve  X  and  of  the 
piston  H  are  thus  constantly  subjected  to  the  pressure  of  the 
additional  fluid.  The  outer  face  of  the  valve  X  is  in  com- 
munication, through  a  pipe  J,  with  the  special  rotary  dis- 


tributor D.  The  outer  face  of  the  balancing  piston  H  is  in 
comiTiuniration,  through  tlie  pipe  K,  with  the  chest  of  a  valvu 
F  controlled  by  the  governor  of  the  internal-combustion  engine. 
Normally,  that  is  to  say，  when  the  engine  is  running  without 
excess  load,  the  valve  F  places  the  pipe  K  in  communication 
with  the  atmosphere  through  an  orifice  N.  When,  on  the 
other  hand,  the  resistance  increases,  or  when  the  speed  and 
therefore  the  governor  drops,  for  any  other  reason,  below  a 
predetermined  position,  the  position  of  the  valve  F  is  altered 
and  it  cuts  off  communication  between  the  pipe  K  and  the 
atmosphere  and  establishes  communication  between  the  pipe 
K  and  a  pipe  O  connected  with  the  generator  C.  So  long  as 
communication  exists  between  K  and  N，  the  pressure  of  the 
additional  fluid  upon  the  piston  H  maintains  the  vaJve  X 
closed.  When,  on  the  other  hand,  communication  is  estab- 
lished between  K  and  0，  the  piston  H  is  subjected  to  the 
pressure  of  the  additional  fluid  upon  both  its  faces,  in  such 
a  maimer  that  the  valve  X  is  able  to  open  under  the  influence 
of  the  fluid  entering  through  the  steam  supply  pipe,  thereby 
admitting  the  additional  fluid  to  the  distributor  D.  The 
distributor  is  so  constructed  that  it  does  not  bear  upon  its 
slide  face  except  when  performing  useful  work.  With  this 
object  it  comprises  a  distributor  disc  P  having  an  orifice  which 
comes  in  succession  opposite  the  pipes  W，  opening  into  the 
several  cylinders  of  the  engine,  through  non-return  valves. 
This  distributor  disc  is  able  to  slide  upon  the  square  end  of 
a  shaft  R  rotating  synchronously  with  the  distributing  shaft 
of  the  engine.  In  order  to  avoid  excessive  friction  cf  the 
disc  P  upon  its  slide  face,  the  disc  is  connected,  by  means  of 
a  jointed  rod  S，  with  a  piston  T  subjected  upon  its  inner  face 
to  the  pressure  of  the  additional  fluid  to  be  distributed  and 
upon  its  outer  face  to  atmospheric  pressure.  The  surface  area 
of  the  distributor  disc  being  greater  than  that  of  the  piston, 
the  pressure  of  the  additional  fluid  presses  the  disc  against  its 
seating,  but  with  less  force  than  if  the  piston  T  were  not 
used,  since  the  fluid  also  tends  to  push  the  piston  away  from 
the  disc  seating,  whereby  the  pressure  on  and  the  friction 
between  the  disc  and  its  seating  is  reduced.  The  ball  joint 
connection  between  the  rod  and  the  disc  P  allows  the  latter 
to  rotate  freely  without  entailing  any  rotation  of  the  balancing 
piston.  When  the  distribution  of  the  additional  fluid  ceases, 
owing  to  the  return  of  the  governor  E  to  its  position  for 
normal  operation  of  the  engine,  the  disc  P  separates  from  its 
slide  face  under  the  influence  of  friction  during  the  last  few 
revolutions  that  it  makes,  by  sliding  upon  the  squared  end  of 
the  shaft  R.  When  the  disc  recedes  towards  the  exterior  the 
ball  joint  loses  its  support  upon  its  socket  in  such  a  manner 
that  the  disc  P  rotates  without  bearing  upon  its  slide  face 
or  upon  the  ball  joint. 

The  general  installation  as  shown  in  Fig.  1  comprises  a 
valve  V  for  the  supply  of  the  additional  fluid,  which  valve  is 
arranged  upon  the  additional  fluid  reservoir  or  upon  the 
generator  C.  In  order  to  start  an  engine  it  can  be  driven 
exclusively  with  the  additional  fluid  by  opening  the  cock  V 
for  that  purpose,  and  then  leaving  it  open  for  normal  running, 
the  admission  of  fluid  taking  place  as  soon  as  the  valve  V  is 
open,  because  at  this  moment  the  governor  E  is  at  the  lowest 
point  of  its  travel. 


Association  of  Mining  Electrical  Engineers  ：  Yorkshire  Branch. ― 

The  annual  meeting  of  this  branch  was  held  a  few  days 
ago  at  Leeds.  Officers  for  the  next  year  were  elected  as  fol- 
lows ： Branch  president,  Mr.  John  C.  Crawshaw,  Ridings 
Colliery,  Dewsbury  ；  vice-presidents,  Prof.  F.  E.  Armstrong, 
Sheffield  University,  and  Mr.  C.  L.  Robinson,  H.M.  Inspector 
of  Mines,  Leeds  ；  branch  editor,  Mr.  A.  K.  Cliaytur,  York- 
shire Electric  Power  Company  \  auditor,  Mr.  A.  E.  E.  Pellev  : 
lion,  secretary  and  treasurer,  Mr.  J.  A.  McLay  ；  branch  coun- 
cil, the  above  officers  and  -  Messrs.  R.  Holiday,  H.  C.  Jenkius, 
國 MeUor, 藝 Bentham, 鬮 Elliott,  F.  Marsland,  and  T.  Charl- 
ton. It  was  decided  to  accept  the  invitation  of  Mr.  Holiday 
to  visit  Acton  Hall  Colliery  on  the  last  Saturday  in  May,  to 
arrange  a  visit  to  the  Manchester  Mining  Exhibition  in  June, 
and,  subject  to  the  invitations  being  extended,  to  visit  the  New 
Silkstone  and  Haig  Moor  Collieries,  near  Castleford,  in  July, 
and  the  Yorkshire  Electric  Power  Company's  new  station  in 
September.  A  paper  by  Mr.  Fred  Smith  (Pinxton  Collieries) 
dealing  in  a  practical  manner  with  "  Repairs  to  Electrical 
Plant  "  in  collieries  was  read  and  discussed. 
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THE  EMBRITTLING  OF  IRON  BY  CAUSTIC  SODA. 

A  paper  on  "  The  Embrittling  of  J ron  by  (，austi(，  Soda,"  l)y 
Mr.  J.  H.  Andrew,  was  conmiiuiit'attHi  to  i  he  Kai  aday  Society 
on  April  last.    Small  flat  specimens  of  wrought  iron, 

rough  filed  and  highly  polished,  were  immersed  in  a  con- 
centrated aqueous  solution  of  caustic  soda  at  100°  C.  for 
periods  lasting  over  several  niontlis.  The  specimens  were 
examined  from  time  to  time,  and  it  was  found  that :  (1)  The 
initial  corrosion  of  the  polished  metal  was  less  tlian  that  of 
the  unpolished,  but  eventually  both  became  highly  crystalline, 
the  surface  of  the  two  being  similar,  and  their  corrosion  rate 
was  approximately  the  same.  The  recrystallisation  of  the 
specimens  caused  them  to  become  extremely  brittle  ；  the 
brittleness  eventually  disappeared,  however,  with  prolonged 
immersion,  and  during  the  treatment  with  soda,  hydrogen  gas 
was  evolved. 

The  rate  of  corrosion  of  wrought  iron  increased  with  time, 
attained  a  maximum  and  then  decreased,  the  corrosion,  after 
a  very  prolonged  immersion  in  caustic  soda,  being  extremely 
slight.  It  had  been  suggested  that  the  corrosion  was  due  to 
the  iron  being  constituted  of  two  phases,  a  crystalline  phase 
and  an  amorphous  phase,  whicli  surrounded  the  crystals,  and 
bound  them  together.  It  was  suggested  that  when  a  duplex 
metal  of  this  nature  was  immersed  in  an  aqueous  solution  of 
caustic  soda,  electrolysis  set  in,  iron  going  into  solution  at  the 
anode,  and  hydrogen  was  liberated  at  the  cathode,  whilst 
sodium  ferrite  was  formed  in  solution.  The  hydrogen  after 
giving  uj)  its  charge  at  the  cathode,  was  partially  liberated 
and  partially  occluded  by  the  metal.  It  was  the  occlusion  of, 
and  diffusion  into,  the  interior  of  this  hydrogen  whicli  brought' 
about  crystalline  growth  and  brittleness  in  the  metal,  the 
hydrogen  being  first  absorbed  by  the  amorphous  film  existing 
between  the  crystals,  thereby  forcing  the  crystals  apart. 
When  both  the  amorphous  and  the  crystalline  metal  bad 
become  saturated,  or  partially  saturated,  with  hydrogen,  the 
metal  might  be  considered  as  constituting  a  hydrogen  cell, 
the  potential  difference  depending  upon  the  concentration 
of  the  hydrogen  in  the  two  phases  ；  this  would  be  less 
than  the  potential  difference  between  the  two  metallic  phases, 
and  the  corrosion  would  diminish. 

The  decrease  in  brittleness  after  prolonged  immersion  was 
probably  due  to  an  equilibrium  between  the  hydrogenised 
phases  being  established,  the  initial  brittleness  being  due 
rather  to  the  molecular  rearrangement  of  the  metal  brought 
about  by  occlusion  and  evolution  of  hydrogen,  rather  than  to 
the  mere  presence  of  hydrogen  in  solution.  It  was  quite 
possible  that  the  original  amorphous  material  was  destroyed, 
new  amorphous  material  eventually  being  formed.  Experi- 
ments were  carried  out  with  the  idea  of  showing  that  hydrogen 
actually  did  diminish  the  rate  of  corrosion.  An  electrolytic 
iron  was  heated  to  1,000°  C.  in  hydrogen,  and  allowed  to  cool 
in  the  gas.  The  specimen  after  this  treatment  corroded 
extremely  slowly,  whereas  another  sample  of  the  same  material 
untreated  corroded  at  the  normal  rate. 

It  might  be  concluded  from  these  experiments  that  the 
passivity  of  iron  produced  by  immersion  in  caustic  soda  was 
due  to  the  decrease  in  potential  difference  between  the  crystal- 
line and  amorphous  phases,  produced  by  occlusion  of  hydrogen. 
A  0'5  per  cent,  carbon  steel  was  affected  to  a  much  less  degree 
by  caustic  soda  solution.  The  recrystallisation  of  electro- 
deposited  iron  found  by  Stead  and  Carpenter  to  occur  when 
the  metal  was  allowed  to  slowly  cool  through  the  Ar3  critical 
point,  was  explained  upon  the  basis  of  hydrogen  evolution  ； 
as  the  iron  cooled  through  the  critical  point  the  evolution  of 
hydrogen  affected  a  recrystallisation  of  the  metal. 


The  Junior  Institution  of  Engineers  ：  North-western  Section. ― On 

Friday,  the  1st  inst.,  at  an  informal  meeting  of  the  North- 
western Section  of  the  J unior  Institution  of  Engineers,  a 
discussion  was  opened  by  Mr.  J.  M.  Bailey  (of  Messrs.  The 
British  Westinghouse  Electric  and  Manufacturing  Companv, 
Ltd.),  on  "Steam  Turbines/'  The  speaker  briefly  touched 
on  the  early  history  of  the  subject,  and  a  long  reference  was 
made  to  the  work  of  Parsons.  The  progress  of  the  last  15 
years  was  outlined,  and  the  merits  and  troubles  of  the 
Rateau,  Zoelly,  and  Laval  machines  were  dealt  with  ；  the  aid 
given  to  progress  by  tlie  condenser  being  noted. 


REVOLVING  GRATE  GAS  PRODUCER. 

The  April  issue  of  the  "  Journal  of  the  American  Society  of 
Mechanical  Engineers  "  contains  a  description  of  a  revolving 
grate  gas  producer  recently  introduced  hy  Messrs.  de  Fontaine 
and  Co.,  Hanover.  The  gas  producer  ia  shown  in  the  a( '"m 
panyin^  cuts,  and  consists  of  a  round  shaft  made  of  fire-proof 
l)r"'k  and  jacketed  with  wi'ought-iroii  sheets.  On  top  it  has 
a  charging  device  operated  either  mechanically  or  by  hand  ； 
at  the  bottom,  a  grate,  centrally  rotatable,  consisting  of  a 
cast-iron  ash  seal  with  the  grate  struct ur**  in  the  middle. 
The  ash  seal  is  filled  with  water  in  the  usual  manner  so  as  to 
seal  the  inner  part  of  the  shaft  away  from  the  atmosphere. 
It  has  a  worm  thread  on  its  inner  surface  placed  spirally  in 
stages,  ending  in  blade-shaped  surfaces,  backwards,  in  the 
direction  of  rotation.  The  most  peculiar  part  of  the  con- 
struction is  the  central  grate  structure  provided  with  wonn- 
gear  shaped  stages  and  jaws.  On  the  surfaces  which  distinguish 
the  jaws  and  form  the  front  surface  of  each  jaw  stage  are 


Revolving  Grate  Gas  Producer. 


located  the  outlet  openings  for  the  blast.  The  worm-thread 
grate,  with  its  stages,  gradually  lifts  and  lowers  the  fuel 
column  and  thereby  prevents  the  formation  of  cavities  and 
suspended  slag  in  the  zone  of  gasification.  Further,  the  jaws 
break  up  the  slag  whicli  might  accumulate  between  the  grate 
and  the  bottom  of  the  shaft,  which  is  helped  also  through  the 
bearing  ring  of  the  producer  jacket  being  also  provided  with 
worm  thread  opposite  to  those  of  the  grate  elements.  The 
worm  thread  of  the  bearing  ring  and  of  the  grate  elements 
therefore  form  a  sort  of  conveying  device  for  the  slag. 

An  important  element  for  the  uniform  operation  of  a 
rotary  grate  gas  producer  is  to  hold  open  constantly  the  outlet 
openings  for  the  blast.  In  older  constructions  this  was  done 
by  fitting  these  openings  with  special  covers,  but  this  had 
the  disadvantage  of  permitting  the  flow  of  air  downwards 
only,  on  account  of  which  only  a  comparatively  small  grate 
area  and  high  blast  pressure  could  be  used.  Since  in  the 
present  gas  producer  the  blast  openings  are  located  iu  the 
undercut  front  surfaces  of  the  jaws,  a  very  advantageous  grate 
area  is  obtained,  while  the  blast  can  be  directed  upwards 
without  any  danger  of  the  outlet  openings  being  clogged  up  ； 
since  the  grate  moves  in  a  direction  opposite  to  that  of  the 
blast  slots,  the  slots  are  at  all  times  kept  free  from  ashes  and 
slag  which  might  be  deposited  over  them.  A  further 
important  advantage  of  this  design  is  that  the  blast  openings 
are  distributed  over  the  entire  shaft  cross-section  with  extreme 
unit'oi'init  v 
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THE  DEVELOPMENT  OF  DRY-CLEANING  IN  BLASTFURNACE 
GAS  PURIFICATION.* 

BY  FRITZ  MULLER. 

At  the  International  Congress  of  Mining,  Metallurgy, 
Applied  Mechanics,  and  Practical  Geology  in  Diisseldorf  in 
1910,  I  drew  attention  for  the  first  time  to  tlie  results 
obtained  by  the  practical  application  of  a  new  process  of  dry 
gas  cleaning,  which  was  first  carried  out  in  a  large  experi- 
mental plant  dealing  with  175,000  cub.  ft.  of  gas  per  hour, 
this  plant  being  situated  at  the  Halbergerhiitte  at  Brebach, 
near  Saarbriicken,  Prussia.  Since  then  a  great  number  of 
industrial  installations,  including  many  of  large  capacity, 
have  been  erected  and  put  into  operation,  and.  others  are  in 
course  of  erection.  The  first  large  plants  were  started  in 
1911，  and  are  still  at  work,  giving  the  greatest  satisfaction  to 
their  owners.  The  results  obtained  with  these  are  of  sufficient 
interest  to  record . 

The  gas  coming  from  the  blastfurnace  contains  about  10 
to  20  grammes  of  dust  per  cubic  metre,  the  heaviest  particles 
of  which,  and  therefore  the  richest  in  iron,  separate  first  and 
are  deposited  in  big  dust  catchers  or  mains,  from  which  the 
accumulations  can  easily  be  drawn  off  whilst  working.  This 
dust,  which  contains  a  considerable  proportion  of  iron,  is 
either  agglomerated  or  briquetted,  and  is  charged  again  into 
the  blastfurnace.  On  its  way  to  the  cleaners  the  crude  gas 
is  cooled  down  approximately  to  the  dew-point  in  a  surface 
cooler  placed  in  front  of  them  ；  if  the  temperature  of  the  gas 
is  very  high,  or  in  hot  weather,  the  efficiency  of  this  surface 
cooler  is  increased  by  the  injection  of  finely-sprayed  water. ― 

If  water  injection  is  not  feasible  for  any  reason,  an 
apparatus  with  cooling  tubes  similar  to  the  well-known  econo- 
iniser  can  be  used.  After  passing  the  cooler,  the  crude  gas, 
which  still  contains  more  than  5  grammes  of  dust,  is  led 
through  a  superheater,  where  by  means  of  steam  or  burnt 
waste  gases  its  temperature  is  raised  by  some  10°  to  20°  C. 
The  superheated  gas  then  rises  through  a  distributing  pipe 
into  a  system  of  filter-boxes,  the  number  of  which  depends 
upon  the  size  of  the  plant.  In  the  different  chambers,  which 
can  be  shut  off  from  one  another  independently,  filter-bags 
made  of  special  cloth  are  suspended.  The  lower  end  of  each 
bag  is  fastened  in  a  frame  in  the  bottom  of  the  compartments, 
whereas  the  upper  closed  end  is  suspended  on  a  movable 
cross-bar,  which  keeps  the  bag  stretched  during  working.  The 
crude  gas  is  drawn  by  exhaust  fans  into  the  interior  and 
through  the  cloth  of  the  bags,  to  the  inside  of  which  the  dust 
remains  clinging.  The  cleaned  gas  is  passed  straight  on  by 
the  fans  to  its  destination  without  any  further  treatment, 
except  that  the  gas  used  for  driving  gas  engines  must  first- 
be  water-cooled.  The  dust  deposits  in  the  inside  of  the  bags, 
and  it  is  therefore  necessary,  in  order  to  prevent  their  com- 
plete choking,  to  shut  off  and  automatically  clean  each  cham- 
ber at  regular  intervals.  A  special  mechanism  shakes  the 
bags,  whereby  part  of  the  dust  is  removed,  and  at  the  same 
time  a  stream  of  clean  gas  at  a  higher  pressure  than  that  of 
the  crude  gas  current  is  blown  in  the  opposite  direction 
through  the  bags,  that  is，  from  outside  to  inside.  This  opera- 
tion removes  the  last  trace  of  dust  still  sticking  to  the  bags. 
The  dust  falls  into  a  screw  conveyer,  which  carries  it  on  to 
the  dust  boxes,  whence  it  is  discharged  at  intervals  into 
wagons  placed  below  ；  this  process  is  quite  automatic.  The  cool- 
ing down  of  the  gas  to  nearly  the  dew-point  ensures  that  the 
cloth  of  the  filter  bags  will  not  be  destroyed  by  the  heat,  and 
on  the  other  hand  the  slight  superheating  prevents  the  con- 
densation of  vapour  when  the  gas  is  passing  through  the  bags, 
so  as  to  avoid  choking  them  up. 

Trials  lasting  several  years  were  made  by  the  Halberger- 
hiitte, in  conjunction  with  the  engineering  firm  Beth  of 
Liibeck,  before  the  process  was  perfected  sufficiently  to  meet 
the  requirements  of  practical  working.  The  general  lay-out 
of  the  first  plant  has  been  preserved  in  those  of  latest  design, 
but  many  improvements  in  detail  were  introduced  after  the 
experience  obtained  in  practical  working  by  the  Dingier, sche 
*  Paper  read  before  the  Iron  and  Steel  Institute,  Mav,  1914. 


Fig.  1.— Model  of  the  Dry  Gas  Cleaning  Process. 

which  I  received  from  an  important  German  metallurgical 
firm  may  be  mentioned  in  order  to  show  the  advances  made 
in  the  cleaning  of  blastfurnace  gases  by  the  application  of 
the  dry  method  ：  ~ - 


Kind  of  Cleaning. 

Water  Con- 
sumption. 

Litres 
per  Cubic 

Metre. 

Power 
Consumption. 
H.P.  per  1,000 
Cubic  Metres. 

Cleanliness, 
Grammes 
of  Dust  per 
Cubic  Metre. 

(a)  Preliminary  cleaning  with 

3'0 

0.5    to  0-8 

(5)  Secondary  cleaning  in  the 

0.1      ，，  0-3 

1.5 

2-5  to  3-0 

(c)  Secondary  cleaning  in  the 

0.013  ，，  0.2 

2-0 

7-0  ,，  7-5 

It  should  be  noted  that  the  figures  under  (a)  are  for  so-called 
preliminary  cleaned  gas  containing  0'5  to  0*8  gramme  of  dust 
per  cubic  metre,  which  was  then  treated  by  the  processes 
under  (b)  and  (c).  The  figures  given  there  have  to  be  added 
to  be  compared  with  the  figures  for  dry  cleaning. 

As  to  American  conditions,  I  am  able  to  give  the  average 
results  of  several  years'  working  at  the  cleaning  plant  of  the 
Illinois  Steelworks.  There  the  gas  is  first  treated  in  hurdle 
cleaners  with  large  quantities  of  water,  namely,  11  to  12  litres 
per  cubic  metre  of  gas.    The  secondary  cleaning  is  done  in 


Maschinenfabrik  A.G.  at  Zweibriicken.  What  will  chiefly 
interest  the  practical  man  are  the  results  obtained  by  the 
new  process.  In  the  first  place,  the  gas  is  of  a  higher  purity 
than  has  ever  before  been  obtained  by  any  other  cleaning 
system  ；  secondly,  the  working  costs  are  very  low  owing  to 
the  low  power  and  water  consumption. 

The  gas  after  passing  the  filter  chambers  generally  con- 
tains about  3  5  milligrammes  of  dust  per  cubic  metre,  which 
falls  below  one  milligramme  when  the  gas  is  cooled  down  with 
water  to  serve  for  gas  engines.  No  water  is  injected  into  the 
fan,  and  the  latter  has  therefore  only  to  overcome  the  resis- 
tance of  the  filter-bags.  Consequently  its  power  consumption 
is  far  lower  than  that  of  corresponding  fans  in  wet-cleaning 
processes.  Tests  carried  out  by  Prof.  F.  Mayer,  of  Aix-la- 
Chapelle,  on  the  plant  of  the  Halbergerhiitte  show  that  for 
the  actual  cleaning  process  the  power  consumption  is  1*91  h.p. 
per  1,000  cubic  metres  of  cleaned  gas,  the  gas  being  taken  at 
0°  C.  and  3'0in.  of  mercury.  For  an  increase  in  pressure 
corresponding  to  4in.  water  gauge,  the  power  consumption 
increases  by  0'81  h.p.  per  1,000  cubic  metres  of  gas.  Very 
striking  was  the  difference  of  power  consumption  of  a  large 
new  plant  in  the  Minette  district  in  comparison  with  that  of 
a  wet-cleaning  plant  which  it  replaced.  The  wet-cleaning 
plant  for  gas  engines  required  350  h.p.,  which  dropped  when 
starting  the  dry-cleaning  plant  to  70  h.p.  The  quantity  and 
pressure  of  gas  was  the  same  in  both  cases,  while  the  dust 
content  of  the  gas  fell  to  2' 5  to  one  milligramme  per  cubic 
metre  of  gas.      Some  data  concerning  older  cleaning  plants 


May  8，  1914J 


THE    MECHANICAL  ENGINEER. 


435 


Theisen  apparatus,  which  require  2,5  litres  of  water  per  cubic 
metre  of  gas  and  8'2  h.p.  per  1,000  cubic  metres  of  gas,  th(' 
degree  of  cleanliness  obtained  being  about  O'OH  grannm). 
The  working  costs  in  this  case  are  about  2.75d.  per 
cubic  metres  of  gas,  redemption  and  interest  not  being  taken 
into  consideration,  and  the  horse-power  hour  being  calculated 
at  0*28  cents.  Results  obtained  with  the  new  wet  processes— 
for  instance,  the  so-called  Bayer  system  with  disintegrator— 
ar'e  given  below,  though  these  have  not  yet  been  verified,  so 
far  as  I  know : — 


Wet  Cleaning. 
Bayer  System. 

Power  Con  - 
sumption. 
H.P.  per  LOCK) 
Cubic  Metres. 

Water  Con- 
sumption. 
Litres  ))*-r 

Cubic  Metre. 

(Moanliness. 
GrauimeH 
of  Dust  per 
Cubic  Metro. 

Preliminary  cleaning  .... 

卜 >o 

0  5  to  2  i) 
3.0 

0.2   to 0-4 
0.01  ，，  0-02 

As  will  be  seen,  these  results  fall  far  short  of  those 
obtained  with  the  dry-cleaning  process,  and  personal  informa- 
tion I  recently  obtained  concerning  a  Bayer  apparatus 
supplied  to  Westphalian  Iron  and  Steel  Works  shows  that 
guaranteed  results  were  not  nearly  attained.  The  same  was 
experienced  in  the  case  of  a  plant  of  the  same  kind  supplied  to 
a  Russian  works. 

The  new  design  of  disintegrator  built  by  Mr.  Theisen,  of 
Munich,  shows,  according  to  communications  in  "  Stahl  und 
Eisen，，，  a  power  consumption  of  5*0  h.p.  to  5  5  h.p.  per 
1，000  cubic  metres  of  gas,  a  consumption  of  water  of  0  4  to 
0*7  litre  per  cubic  metre,  and  a  dust  content  of  0.008  to 
0*02  gramme  per  cubic  metre.  Though  the  amount  of  water 
used  in  this  new  apparatus  is  smaller  than  before,  there  is 
still  the  disadvantage  that  the  cleaning  water  has  to  settle 
and  the  mud  afterwards  has  to  be  removed.  The  consump- 
tion of  water  given  for  the  Theisen  apparatus  is  only  the 
water  necessary  for  washing  the  gas,  and  it  is  therefore  neces- 
sary to  cool  the  gas  down  considerably,  which  means  a  further 
consumption  of  water. 

Naturally  a  dry-cleaning  plant  cannot  be  cheaper,  as  to 
first  cost,  than  a  wet-cleaning  plant;  the  first  cost  is  some- 
where about  £175  per  1,000  cubic  metres  of  gas,  but  trials 
are  in  progress  which  will  result  in  a  considerable  reduction 
of  the  first  cost  by  increasing  the  capacity  and  simplifying  the 
mechanism  of  the  plant.  On  the  other  hand,  the  dry-cleaning 
plant  has  the  advantage  of  low  working  costs,  which  are  about 
Id.  to  l^d.  per  1,000  cubic  metres  of  cleaned  gas,  without 
redemption  and  interest,  the  power  being  takin  at  0"375d. 
per  kilowatt-hour.  This  is  without  taking  account  of  the 
advantages  obtained  by  using  highly-cleaned  gas.  Another 
point  in  favour  of  the  dry-cleaning  plant  is  the  very  small 
ground  space  required,  since  it  extends  more  in  the  direction 
of  height  ；  generally  not  more  than  4  to  5  square  metres 
(40  sq.  ft.  to  50  sq.  ft.)  per  1,000  cubic  metres  of  gas  are 
required,  whereas  wet-cleaning  plants  require  two  or  three 
times  as  much  space,  including  the  settling  tanks.  The 
dry-process  plant  can  be  easily  adapted  to  any  local  condi- 
tions. In  the  case  of  a  plant  at  an  ironworks  on  the  Saar,  the 
apparatus  is  erected  above  the  .casting-bed  of  the  blast- 
furnaces, no  other  place  being  available.  The  recovered  dust 
is  removed  in  a  dry  state,  whereas  in  wet-cleaning  plants  it 
carries  about  80  per  cent,  of  water,  which  greatly  increases 
the  difficulties  of  handling  the  mud.  Moreover,  the  wet  mud 
cannot  be  utilised,  whereas  the  dry  dust,  on  account  of  its 
extraordinary  fineness  and  its  content  of  lime,  can  be  used 
for  many  purposes,  such  as  the  manufacture  of  cement,  the 
briquetting  of  ores,  and  as  insulating  material,  &c. 

The  cement  specialist,  F.  Mayer,  found  by  systematic  trials 
that  by  adding  30  per  cent,  of  gas-filter  dust  to  Portland 
cement  the  strength  was  increased,  especially  its  resistance  to 
pressure.  Samples  stored  for  28  days  in  air,  in  air  and  water, 
and  under  water  showed  respectively  a  compressive  strength 
of  566  kgs.，  398  kga.,  and  455  kgs.  per  square  centimetre.  The 
dust  is  of  such  fineness  that  it  requires  no  further  crushing  ； 
on  the  5,000-mesh  sieve  it  leaves  no  residue.  The  cubic  metre 
of  dust  weighs  somewhat  more  than  200  kgs.,  whereas  the 
specific  gravity  amounts  to  2'37.  At  an  ironworks  on  the 
Saar  the  dust  is  used  as  a  binder  in  briquetting  the  heavier 


furnace  dust.  At  a  French  works,  where  the  furnaces  are 
making  special  irons,  the  same  thing  is  being  done.  Formerly, 
at  the  last-mentioned  works,  purple  ore  was  briquetted  with 
lime  ；  tlie  lime  is  now  replaced  by  li  1  le r  dust,  and  th** 
brifjuettes  are  of  greater  strength  than  formerly.  In  many 
places  the  filter  dust  contains  a  certain  amount  of  alkalies,  so 
that  it  can  be  used  as  a  fertiliser.  Tlie  saving 
through  the  sale  of  dust  represeiitH  in  many  works  about 
20  per  cent,  of  the  working  cost  of  the  plant. 

Tlie  advantages  of  highly-cleaned  gas  are  well  known  to 
all  specialists.  They  are  most  apparent  in  gas  engines,  since 
by  employing  a  gas  of  great  purity  a  far  greater  degree  of 
safety  in  working  is  assured.  Stoppages  are  reduced  to  a 
minimum,  thus  reducing  the  cost  for  cleaning,  repairs  to 
cylinders,  pistons,  and  stuffing-boxes.  A  comparison,  made 
on  a  gas-engine  plant  of  some  5,000  h.p.,  shows  that  since  the 
introduction  of  the  dry-cleaning  process  only  about  a  fourth 
of  the  former  stoppages  are  necessary,  whereas  the  cost  for 
repairs  and  cleaning  are  about  a  fifth  to  a  sixth  as  against 
working  with  wet-cleaned  gas  ；  calculated  on  the  horse-power 
the  gain  was  of  about  2s.  7d.  per  year.  Further  advantages 
are  that  misfires  and  early  ignitions  are  practically  done  away 
with,  and  cheaper  lubricating  oils  can  be  used. 

In  a  large  steelworks  on  the  Rhine,  where  the  crude  gas 
pressure  is  extraordinarily  high  (up  to  24in.  water  gauge), 
it  is  possible  to  convey  the  gas  to  the  gas  engines  without  the 
aid  of  any  fan  and  without  final  cooling.  The  gas  reaches  the 
engines  with  a  temperature  of  about  40°  C.  The  engines 
being  of  ample  design,  work  quite  satisfactorily,  the  combus- 
tion air  being  in  this  case  reduced  somewhat.  For  cleaning 
the  bags  a  small  fan  is  specially  installed.  In  this  case, 
which  cannot  serve  as  a  typical  one,  the  total  consumption 
of  power  per  1,000  cubic  metres  of  gas  is  about  a  fourth  of  a 
horse-power. 

Opinions  are  divided  as  to  the  advantages  of  the  highly- 
cleaned  gas  with  boilers.  Generally  it  is  taken  that  primary 
cleaned  gas  with  about  0  5  gramme  per  cubic  metre  is  per- 
fectly sufficient.  It  is  implicitly  admitted,  however,  that  this 
primary  cleaned  gas  gives  better  results  than  the  crude  gas, 
and  therefore  there  is  no  doubt  that  the  results  will  be  still 
further  improved  by  burning  highly-cleaned  gas,  which  it  is 
possible  to  obtain  at  a  lower  cost  than  the  less  perfectly 
cleaned  gas. 

Hoff  gives  in  "  Stahl  und  Eisen  "  interesting  results  on 
evaporation  trials  made  in  Dudelange,  which  show  that  with 
crude  gas  the  evaporation  drops  within  four  weeks  after  clean- 
ing the  boilers  from  65  5  to  47  7  per  cent.  This  may  show 
how  advantageous  it  is  to  prevent  these  deposits  of  dust  in  the 
boiler  uptakes.  Evaporation  trials  made  with  crude  gas  in 
Cornish  boilers  at  the  Halbergerhiitte  showed  an  evaporation 
of  12  kgs.  to  15  kgs.  per  square  metre,  a  useful  effect  of  50 
per  cent.  Comparative  trials  with  highly-cleaned  gas  showed 
after  the  boilers  had  been  working  four  weeks  an  evaporation 
of  more  than  23  kgs.  per  square  metre,  with  a  useful  effect 
of  73  2  per  cent.  The  blowing  out  of  the  boiler  tubes  and 
the  frequent  cleaning  of  the  flues  and  mains  being  unneces- 
sary, a  considerable  saving  will  result. 

The  conditions  as  regards  heating  the  Cowper  stoves  are 
similar  to  those  of  boilers.  The  highly-cleaned  gas  nVixes* 
far  more  intimately  with  the  combustion  air,  and  therefore 
a  more  intensive  combustion  is  obtained.  If  the  brick- 
work remains  free  from  dust  deposit  a  far  better  heat  trans- 
mission can  certainly  be  obtained.  The  following  example 
from  actual  blastfurnace  practice  may  be  cited :  At  the 
Halbergerhiitte  a  blastfurnace  of  a  capacity  of  100  tons  of 
foundry  pig  iron  daily  was  heated  by  foar  Cowper  stoves 
28  metres  in  height  by  6*5  metres  in  diameter.  The  brick- 
work was  of  the  Bocker  system,  on  account  of  the  dust  content 
of  the  crude  gas  which  was  formerly  burnt.  Whilst  working 
with  crude  gas,  blast  temperatures  between  900°  to  950°  C. 
measured  in  the  furnace  were  obtained.  At  certain  intervals 
the  stoves  of  course  liacl  to  be  freed  from  slag  and  dust,  ami 
from  time  to  time  the  upper  layers  of  brickwork  required 
to  be  renewed.  Whilst  one  stove  was  out  of  work  for  repairs 
or  cleaning,  the  consumption  of  coke  natural"'  rose.  After 
cleaning  and  repairing,  the  stoves  were  lieat^d  witli  highlv- 
c  lea  nod  gas,  and  it  was  immediately  found  that  three  stoves 
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were  sufficient  to  heat  the  blast,  the  quantity  of  gas 
burnt  per  stove  remaining  the  same,  or,  in  other  words,  there 
was  saving  in  gas  of  33  per  cent.  The  stove  is  under  blast 
for  about  four  hours,  during  which  time  the  temperature 
drops  from  930°  to  950°  C.  at  the  beginning  to  about  840°  to 
850。  C.  at  the  end.  After  one  year's  working  the  chequer- 
work  was  examined  and  was  found  in  good  condition.  Any 
blastfurnace  man  can  easily  calculate  the  saving  in  cleaning, 
repairs,  as  well  as  the  paving  of  coke,  which  otherwise  would 
have  been  necessary  during  the  different  stoppages. 

At  another  works  in  the  Saar  district  where  the  blast- 
furnaces are  also  driven  with  cleaned  gas,  it  was  found  after 
actual  measurements  over  a  long  period  that  there  was  an 
actual  saving  of  15  per  cent,  of  gas  as  against  the  former 
working  with  uncleaned  gas.  At  the  French  works  already 
mentioned  it  was  found  that  in  the  manufacture  of  special 
qualities  of  iron,  the  difficulties  and  variations  in  quality 
ceased  as  soon  as  the  dry-cleaning  plant  was  started,  thus 
proving  that  the  temperatures  of  the  blast  were  more 
equalised.  Unfortunately,  it  was  not  possible  to  obtain  more 
exact  particulars.  , 

Nowadays,  on  account  of  the  rising  price  of  fuel,  the 
centre  of  gravity  of  any  ironworks  lies  in  the  blastfurnace 
work,  this  being  the  principal  power  source  of  the  works.  All 
works  are  striving  to  use  as  little  as  possible,  or  even  no  other 
fuel  whatever  besides  that  used  for  the  production  of  coke. 
This  means  economical  working  and  utilisation  of  the  blast- 
furnace gases,  and  this  object  is  best  attained  by  using  highly- 
cleaned  gas. 

By  a  more  suitable  construction  of  the  Cowper  stoves,  and 
by  the  use  of  more  scientifically  constructed  gas  burners,  still 
more  important  advantages  can  without  doubt  be  obtained. 
A  trial  made  in  this  respect  at  the  Halbergerhiitte  on  a  Cow- 
per stove  shows  that  it  is  possible  when  using  the  highly- 
cleaned  gas  to  do  away  with  the  chimney  stack.  A  firebrick 
arch  was  erected  in  the  chimney  above  the  hot-blast  outlet 
and  the  chimney  was  filled  up  with  chequer-work  constructed 
in  the  ordinary  way.  The  highly-cleaned  gas,  on  being  intro- 
duced with  a  certain  pressure  draws  its  own  combustion  air 
through  a  specially  constructed  burner,  where  both  air  and 
gas  are  very  intimately  mixed.  The  mixture  of  air  and  gas 
strikes  a  specially  provided  brick  surface  opposite  the  burner, 
and  the  combustion  is  so  intense  that  at  about  H  to  2  metres 
higher  than  the  gas  entrance  the  temperature  is  about 
1,200°  C.  The  result  of  this  trial  was  that  the  temperature 
of  the  burnt  waste  gases  was  very  much  reduced.  As  the 
trials  are  not  yet  finished,  I  am  not  yet  in  a  position  to  pre- 
sent final  conclusions  as  to  the  saving  in  gas  which  can  be 
obtained  in  this  way,  and  these  must  be  reserved  for  another 
occasion. 

Since  the  introduction  of  this  new  cleaning  process  three 
years  ago,  the  interest  shown  by  blastfurnace  men  has  con- 
stantly increased.  Several  plants  of  a  capacity  of  240,000  to 
300,000  cubic  metres  are  now  in  course  of  construction  in  the 
Saar  and  Westphalian  districts 
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by  all  who  have  to  deal  with  steam-power  plant.      It  is 
probably  the  most  exhaustive  manual  on  this  subject  which 
has  been  published,  and  is  practically  a  reprint  of  a  series 
of  articles  that  have  appeared  in  "  Vulcan  "  from  the  pen 
of  one  of  the  company's  assistant  engineers.    There  is  not  a 
phase  of  the  subject  which  is  not  thoroughly  treated  upon, 
and  the  wide  experience  of  the  company  has  naturally  placed 
at  the  disposal  of  the  writer  a  fund  of  information  which  is 
beyond  the  reach  of  the  ordinary  engineer.    The  book  is  full 
of  useful  practical  hints  for  the  draughtsman,  engineer-in- 
ch a  rge,  and  engine  attendant,  and  we  cordially  recommend 
it  to  everyone  who  has  anything  to  do  with  the  arrangement 
and  working  of  steam  pipes. 


A  Manual  of  Petrol  Motors  and  Motor-cars.     By  F.  Strickland. 

Second  edition,  with  352  illustrations.    London  :  Chas. 

Griffin  &  Co.  9in.  by  6|in.  378  pp.  Price  18s.  net. 
There  is  probably  no  field  in  mechanical  engineering  in 
which  more  rapid  advances  have  been  made  than  that  relating 
to  the  construction  of  petrol  motors  and  motor-cars.  The 
progress  has  been  so  great  that  it  has  been  difficult 
for  writers  on  the  subject  to  keep  in  step  with  it. 
The  volume  before  us  is  acceptable  at  the  present 
juncture,  as  it  brings  the  subject  well  up  to  date  at  a  time 
when  practice  is  becoming  crystallised  and  standardisation 
of  design  a  subject  of  importance.  The  book  is  of  a 
thoroughly  practical  character  and  replete  with  illustrations, 
so  that  the  reader  is  never  in  doubt  as  to  the  meaning  of 
the  text.  It  is  not,  however,  a  work  of  mere  description. 
The  structural  principles  which  determine  the  design  of  the 
various  parts  are  thoroughly  discussed  so  as  to  meet  the  needs 
of  the  draughtsman  and  engineer.  The  scientific  informa- 
tion and  records  of  tests  are  also  instructive  and  valuable, 
while  advantage  has  been  taken  of  the  second  edition  to  bring 
this  information  up  to  date. 

The  Year  Book  of  Wireless  Telegraphy  and  Telephony,  1914-  London  ： 
The  Marconi  Press  Agency,  Ltd.  850  pp.  Price  2s.  6cl. 
net. 

The  second  year's  issue  of  this  annual  contains  a  good 
assortment  of  interesting  information  regarding  matters  bear- 
ing on  wireless  telegraphy  and  telephony.  The  chronological 
record  of  the  development  of  wireless  telegraphy  goes  back 
to  1831，  and  deals  concisely  with  all  events  from  that  date  up 
to  the  end  of  1913.  There  is  a  full  account  of  the  Inter- 
national Conference  of  Life  Saving  at  Sea,  which  took  place 
in  the  latter  part  of  last  year.  The  International  Radio- 
Telegraphic  Convention  is  inserted  in  full,  and  the  section 
which  contains  the  laws  and  regulations  of  the  principal  coun- 
tries of  the  world  has  been  brought  up  to  date.  A  feature 
of  the  book  is  the  complete  list  of  the  land  and  ship  stations 
in  the  world,  giving  particulars  of  range,  rates,  hours  of  work- 
ing, character  of  service,  &c.  This  edition  also  contains  a 
number  of  special  articles.  Dr.  Erskine-Murray  analyses 
topical  causes  of  "  freak  communications  ，，  ；  Dr.  J.  A.  Flem- 
ing writes  on  (C  Measurement  of  the  Strength  of  Wireless 
Signals";  Mr.  Arthur  Hinks,  F.R.S.,  contributes  an  article 
on  "  Wireless  Time  Signals  and  Longitudes  "  ；  Mr.  R.  G.  K. 
Lempfert,  superintendent  of  the  Forecast  Division  of  the 
Meteorological  Office,  discusses  the  application  of  wireless 
telegraphy  to  the  collection  and  distribution  of  information 
regarding  the  weather  ；  Mr.  G.  E.  Turn  bull  writes  on  Wire- 
less Telegraphy  in  the  Merchant  Service  "  ；  and  Mr.  C.  E. 
Prince  on  "  Problems  of  Wireless  Telephony."  In  addition 
to  these  there  is  a  glossary  of  technical  terms  used  in  the 
English,  French,  German,  Italian,  and  Spanish  languages. 
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The  Amateur  Mechanic  and  Practical  Guide  for  the  Handyman* 

Edited  by  Bernard  E.  Jones.  London  ：  Cassell  &  Co. ，  Ltd. 
9iin.  by  7in.    760  pp.    Price  9s.  net. 

How  to  Build  up  Furnace  Efficiency.  A  Handbook  of  Fuel 
Economy.  By  Jos.  W.  Hays.  Seventh  edition.  Chicago  ： 
Jos.  W.  Hays.    Price  one  dollar. 

The  Mortar-making  Qualities  of  Illinois  Sands.  University  of 
Illinois  Bulletin.     Bulletin  No.  70.    Price  20  cents. 


Institution  of  Electrical  Engineers  ：  Scottish  Section. ― The  annual 
general  meeting  of  the  Institution  of  Electrical  Engineers 
(Scottish  Local  Section)  was  held  in  Glasgow  on  the  21st  ult. 
Mr.  F.  A.  Robertson  presided.  The  following  office-bearers 
were  elected  for  the  ensuing  year :  Mr.  James  Lowson,  chair- 
man ； Mr.  David  A.  Starr,  vice-chairman  ；  Mr.  Archibald 
Page,  chairman  of  the  students'  section  :  and  Mr.  Joseph 
Taylor,  hon.  secretary  and  treasurer.  The  annual  report, 
which  was  submitted,  showed  that  the  membership  of  the  sec- 
tion was  391.  A  paper  on  Current-limiting  Reactances  on 
Large  Power  Systems,"  by  Mr.  K.  M.  Faye-Hansen  and  Mr. 
J.  S.  Peck,  was  read  by  Mr.  Peck. 
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PUMPS  FOR  FIRE  SERVICE, 

BY  EZRA  E.  CLAKK. 

The  hand  and  steam  fire  engines  are  all  |)ortal>le  in  luiractcr, 
and  valuable  time  is  often  lost  in  bringing  them  to  the  scent* 
of  action.  Manufacturing  properties,  particularly,  are  often 
located  at  sucli  a  distance  from  fire  engine  stations  that 
prompt  service  is  impossible.  The  incalculable  value  of  a  few 
gallons  of  water  at  the  beginning  of  a  fire  became  self-evident, 
so  that  pumps  fixed  upon  the  premises,  connected  to  a  water 
supply  and  a  source  of  power,  were  introduced.    Later  these 


Fig. 


-Part  Section  of  Rotary  Pump. 


were  connected  to  a  system  of  piping  about  the  yard  and  in 
the  mill,  and  the  pump  then  became  available  to  supply 
sprinkler  heads,  or  furnish  fire  streams  from  hydrants. 

In  this  paper,  the  term  fire  pump  is  to  be  used  in  its 
restricted  sense,  i.e.,  a  pump  that  is  installed  in  a  fixed 
position  for  fire  purposes.  In  this  sense  there  are  three  or 
four  distinct  types,  generally  acknowledged  ；  rotary,  duplex, 
centrifugal,  and  power  pumps,  any  one  of  which,  of  course, 
could  serve  as  a  fire  engine  by  mounting  it  on  wheels  and 
providing  a  source  of  power.  The  type  of  pump  to  be 
selected  should  be  determined  by  the  character  of  power 
available  for  the  purpose.  Naturally  the  most  reliable  source 
of  power  at  any  situation  would  be  chosen,  and  then  a  pump 
selected  that  can  best  be  driven  with  that  power.  This  should 
be  the  general  rule.  Every  type  of  pump,  however,  has  its 
own  limitations,  and  these  must  be  kept  in  mind  when 
studying  the  whole  problem.  The  natural  selection  would  be 
a  pump  that  can  run  at  or  near  the  speed  of  the  prime  mover. 

The  earlier  mills  were  operated  almost  exclusively  by 
waterwheels  and  their  usual  speed  made  it  comparatively 
easy  to  connect  with  rotary  pumps.  Thus,  a  great  many 
pumps  of  this  type  found  their  way  into  the  wheel  pits  of 
mills,  although  they  were  too  often,  unfortunately,  poorly 
located.  Power  plunger  pumps  were  used  in  a  few  cases,  but 
the  rotary  came  to  be  the  prevailing  pump,  owing  to  its 
simplicity,  cheapness,  and  adaptability  to  the  prevailing 
power.  Where  waterwheels  of  ample  power  and  moderate 
speed  are  available,  the  rotary  type  of  pump  becomes  the 
logical  choice,  for  the  two  can  often  be  direct-connected,  or 
some  simple  form  of  transmission,  such  as  friction  gears,  or 
a  silent  chain  having  a  low  speed  ratio  can  be  employed. 
The  impulse  form  of  waterwheel  with  its  high  speed  would 
find  a  better  selection  in  the  centrifugal  pump,  requiring  no 
intermediate  gearing.  In  weighing  the  claims  of  the  several 
pumps  for  a  situation,  three  things  should  be  kept  in  mind  ： 
the  character  of  the  power  available,  the  limitations  of  the 
pump,  and  the  fact  that  the  simplest  drive  is  the  best. 

There  are  so  many  indifferent  rotary  pumps  in  mills  and 
factories  that  the  mere  mention  of  a  rotary  raises  doubts  as 
to  its  value  for  fire  purposes.  Still,  it  should  be  remembered 
that  even  with  the  imperfect  construction  of  the  old-time 


cast-iron  rotary,  they  have  given  some  very  effective  servic (？ 
at  critical  times.  Figs.  1  and  2  show  a  design  of  rotary  punip. 
Several  features  of  this  design  were  proposed  and  developed 
by  the  author  in  1  ！ H)  I .  They  were  not  immediately  adopted, 
as  some  experimental  work  was  necessary,  and  new  patterns 
were  required.  These  new  features  were  chiefly  as  follows  : 
In  place  of  the  usual  two  sets  of  overhung  cast-iron  gears,  one 
extra-heavy  pair  of  cut  steel  gears  is  substituted,  preferably 
forged  solid  with  their  shafts  :  these  gears  are  supported  on 
either  side  by  generous  bearings,  and  the  two  shafts  are 
larger  and  stiffer  ；  all  bearings  are  provided  with  liberal 
oil  reservoirs  and  ring  or  chain  oilers  ；  in  place  of  the  usual 
stuffing-boxes,  a  special  form  of  metal  water  joint  has  been 
adopted,  which  is  giving  excellent  service,  thereby  avoiding 
the  use  of  perishable  packing.  The  usual  fire  pump  features 
are  also  provided,  viz.,  the  casing  and  working  parts  exposed 
to  corrosion  are  of  bronze  ；  there  are  more  liberal  water 
passages  ；  the  working  cams  are  of  a  new  design  to  ensure 
reasonably  smooth  running  ；  and  the  usual  air  chamber,  hose 
connections,  an  approved  spring  relief  valve  and  starting  valve 
complete  the  arrangement.  The  press  frame  carrying  the 
friction  gear  is  now  fitted  with  a  heavy  spring  that  maintains 
the  gears  in  contact,  and  compensates  for  a  possible  lack  of 
truth  in  their  running.  These  pumps  are  not  intended  for 
daily  service,  as  the  wear  between  cams  and  casing  would 
soon  render  them  inefficient.  But  for  the  brief  periods  of  fire 
service,  considerations  of  wear  are  of  less  importance  than 
certainty  of  action.  Full  particulars  as  to  their  construction 
can  best  be  gathered  by  a  study  of  published  specifications. 
The  effort  has  been  to  secure  a  rugged,  reliable  pump  capable 
of  doing  hard  work,  resisting  corrosion  and  withstanding 
abuse.  These  pumps  cost  somewhat  less  than  a  duplex 
pump.  The  limited  number  that  are  already  in  the  field  are 
so  far  giving  excellent  satisfaction. 

Where  steam  is  the  most  reliable  source  of  power,  the 
duplex  Underwriter  pump  is  usually  the  choice,  because  of  its 
record  of  proved  value.  It  is  also  much  the  cheapest  of  any 
steam-driven  fire  pump  of  acceptable  reliability.  In  spite  of 
its  numerous  parts,  liable  to  derangement,  this  pump  has  been 
so  thoroughly  boiled  down,  so  to  speak,  that  with  present-day 
construction  it  is  proving  to  be  one  of  the  most  reliable  of 
fire  protection  appliances.  The  steam-turbine  driven  centri- 
fugal pump  is,  of  course,  available  for  those  who  are  willing 
to  pay  the  price,  but  it  costs  approximately  twice  as  much. 
Its  main  advantage  over  the  duplex  is  its  simplicity  of 
working  parts.  Its  disadvantages  lie  in  the  fact  that  a 
pressure  of  lOOlbs.  to  125】bs.  of  steam  is  required  for  good 
results,  whereas,  with  a  duplex  pump,  501bs.  of  steam  is  ample 
for  ordinary  fire  pressures.  The  outfit  is  also  subject  to  the 
same  limitations  as  to  suction  lift  as  all  centrifugal  pumps. 
When  the  steam  turbine  centrifugal  has  become  standardised 
and  its  price  made  more  nearly  competitive  with  that  of  the 
duplex,  no  doubt  it  will  receive  a  much  wider  introduction. 

As  steam  began  to  supple- 
ment and  in  cases  to  supplant 
water  power  in  mills,  steam- 
driven  pumps  were  installed 
to  help  out  or  replace  the 
rotary.  At  first  the  single- 
cylinder  pump  was  used, 
but  the  advent  of  the 
duplex  pump  marked  the 
beginning  of  a  better  machine 
for  fire  purposes.  The 
duplex  type  of  fire  pump  is  so  well  known  that  it  is  hardly 
necessary  to  describe  it,  full  information  as  to  construction 
being  available  in  published  specifications.  When  the 
development  of  the  Underwriter  type  of  duplex  pump  was 
undertaken  by  Mr.  John  R.  Freeman  in  the  early  nineties,  he 
found  the  pump  as  made  for  the  trade  lacking  in  several 
features  needed  for  fire  protection.  The  frequent  failures 
in  the  field  showed  mainly  that  improvement  was  needed . 
Pu mp  builders  did  not  fully  realise  the  importance  of  some  of 
the  features  that  were  demanded,  and  more  or  less  opposition 
was  encountered. 

The  old  trade  duplex  pumps  were  found  with  steam  and 
water  passages  restricted,  but  these  have  been  enlarged  in  the 
Underwriter  type,  and  a  higher  speed  thus  made  possible. 
Tlie  trade  pumps  were  iron  fitted  and  became  rusted  through 


Fir..  2. 


-Working  Cams  op  Rotary 
Pump. 
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pump  is  brass  fitted  wherever  corrosion  is  liable  to  seize  the 
working  parts.  In  the  older  pumps,  cast-bronze  valve  stems 
were  used  that  worked  loose  or  broke  off  ；  in  the  present 
Underwriter  standard,  these  stems  are  of  rolled  bronze  and 
made  heavier,  and  the  guard  and  nut  are  so  secured  in  place 
by  a  lock  devised  by  the  author  that  the  parts  cannot  work 
loose  (see  Fig.  4).  In  the  old  trade  pump  it  was  common 
practice  to  provide  means  of  adjustment  for  the  valve  motion, 
and  this  adjustment  sometimes  worked  loose,  or  was  tampered 
with,  putting  the  pump  in  a  lame  condition  ；  in  the  Under- 
writer  design,  all  adjustment  has  been  ruled  out  and  a  simpler 
and  more  reliable  mechanism  is  now  used.  Special  fire  service 
fittings  are  attached,  such  as  priming  valves,  starting  valve, 
relief  valve,  hose  valves,  oil  pump  and  lubricator,  all  these 
parts  having  been  subjected  to  examination  and  test  before 
adoption.    (See  Fig.  5.) 

To  incorporate  these  changes  has  taken  time,  and  it  has 
been  more  or  less  an  up-hill  job.  Experience,  however,  has 
shown  the  value  of  these  improvements  and  has  indicated 
from  time  to  time  still  further  improvements  which  have  been 
adopted,  so  that  to-day  we  have  a  fire  pump  that  is  able  to 
start  at  a  moment's  notice,  run  at  full  speed  if  needed,  and 
when  supplied  with  steam,  water,  and  oil,  will  run  con- 
tinuously and  deliver  its  rated  capacity,  or  more,  against  a 
fire  pressure  of  751bs.,  lOOlbs.,  1501bs.，  or  even  2001bs.  in 
special  cases. 

Where  the  electric  motor  is  the  most  reliable  source  of 
power,  the  centrifugal  pump  naturally  becomes  the  choice. 

Slof  for  Insert  in  Cj  small 
Screw  Driver  orJimmtf  ' 


Fig.  3.— Watkb  Joint  used  on  Kotart  Pump  Shapts,  as  substitute  : 
Stuffing  Box. 

The  speed  of  a  centrifugal  pump  can  readily  be  made  to 
conform  to  the  speed  of  the  standard  motor  and  all  inter- 
mediate gearing  avoided.  The  direct-connected  motor  and 
pump  thus  form  the  simplest  possible  arrangement.  It  has, 
however,  certain  limitations  which  will  be  noted  later,  and 
there  may  exist  conditions  which  some  form  of  power  pump 
electrically  driven  would  meet  with  better  satisfaction. 

Comparatively  few  power  pumps  are  in  use  as  fire  pumps, 
owing  to  their  higher  cost.  Their  best  field  is  where  a  daily 
service  pump  of  good  efficiency  is  needed,  that  can  in 
emergency  be  used  for  fire  purposes.  The  triplex  type  of 
power  pump  is  much,  to  be  preferred  to  the  single  or  duplex 
forms,  owing  to  its  steadier  discharge  pressure,  and  as  it  is 
usually  built  in  the  vertical  form  the  floor  space  required  is 
the  minimum.  A  strong  point  in  favour  of  the  triplex  power 
pump  as  compared  with  a  centrifugal  is  its  higher  efficiency, 
running  as  high  as  80  to  85  per  cent,  for  outside  packed 
plungers  as  against  the  usual  65  to  70  per  cent,  for  the 
centrifugal.  That  type  of  triplex  pump  employing  one 
centrally-located  driving  gear  is  much  to  be  preferred  to  those 
having  two  overhung  gears.  Experience  has  shown  that  the 
central  gear  drive  will  better  ensure  an  even  distribution  of 
power,  and  thus  avoid  undesirable  stresses  on  gear  teeth  and 
possible  breakage.  A  notable  example  of  the  central  gear 
triplex  power  pump  may  be  found  in  the  high-pressure  fire 
service  station  in  Philadelphia,  where  seven  such  pumps  are 
operated  by  gas  engines,  and  have  given  excellent  satisfaction 
with  a  minimum  of  repairs. 

The  centrifugal  pump  is  comparatively  a  newcomer  in  the 
fire  pump  field.  It  is  distinguished  from  all  others  in  being 
a  velocity  pump,  the  pressure  varying  directly  as  the  square 
of  the  peripheral  velocity  of  the  impeller.  The  electric  motor 
is  no  doubt  responsible  for  its  coming  so  rapidly  into  favour. 
The  constant-speed  motor  direct  connected  to  the  pump  makes 


the  simplest  and  cheapest  arrangement  and  affords  a  fairly 
wide  range  of  capacities  and  pressures.  The  variable-speed 
motor  or  steam  turbine,  costing  a  little  more,  would  place  the 
pump  more  nearly  on  a  par  with  tlie  steam  duplex  as  to  range 
of  pressures,  and,  the  author  believes,  would  make  the  prefer- 
able outfit.  Its  greater  cost  and  complication  is  the  general 
objection  to  it. 

There  are  two  types  of  centrifugal  fire  pumps  built,  one 
with  the  simple  cylindrical  case,  known  as  the  volute  pump. 


Fig.  4.— Detail  op  Valvk  Stem  and  Special  Nut  Lock. 

and  the  other  with  a  diffusion  vane  casing  or  chute  case.  The 
diffusion  vane  type,  sometimes  called  the  turbine  pump, 
employs  a  series  of  gradually  enlarging  passages  that  permit 
a  more  gradual  change  of  the  velocity  of  the  water  into 
pressure  than  does  the  volute,  thus  resulting  in  some  slight 
gain  in  efficiency.  This,  however,  is  not  an  essential  part  of 
an  acceptable  fire  pump,  and  as  the  volute  type  of  pump  is 
much  simpler  in  construction,  and  yields  efficiencies  that  are 
satisfactory  (60  to  70  per  cent.),  this  type  of  centrifugal  fire 
pump  is  being  generally  adopted.  This  type  also  lends  itself 
better  to  the  horizontal  division  of  casing,  which  is  preferred 
to  the  circumferential  division,  as  it  permits  quicker  and 
better  access  to  the  interior  for  overhauling  or  cleaning. 

The  simplicity  of  the  centrifugal,  having  but  one  moving 
part,  appeals  to  every  engineer.  There  are  no  valves  to  choke 
up,  no  plunger  to  wear  out,  no  valve  motion  or  gears  to  break, 
and  no  dangerous  pressures  possible  even  with  all  outlets 
closed,  unless  specially  provided  with  a  variable-speed  prime 
mover.  The  discharge  is  steady,  smooth,  devoid  of  shocks, 
and  more  nearly  approximates  that  from  a  gravity  supply 
than  any  other  pump.  But  it  has  its  limitations,  which 
should  be  fully  realised  arid  considered  in  making  an  instal- 
lation. Unless  provision  is  specially  made  for  a  variable 
speed,  its  maximum  working  pressure  is  usually  not  planned 
to  be  very  much  above  lOOlbs.  pressure,  running  for  the 
smaller  flows  in  some  cases  up  to  1301bs.  or  1401bs.  Conse- 
quently the  water  pressure  needs  of  a  situation  should  be 


Fig.  5.— Sectional  View  of  Underwbiter  Steam  Fire  Pump. 

carefully  studied  before  deciding  on  this  form  of  pumping 
outfit,  and  if  higher  pressures  are  needed,  either  a  special 
form  of  impeller  should  be  substituted  or  a  variable  speed 
provided. 

A  centrifugal  has  no  power  to  exhaust  the  air  from  a 
suction  pipe,  as  has  the  rotary,  duplex,  or  other  displacement 
pump.  For  this  reason,  the  suction  supply  should  come  to 
the  pump  under  enough  bead  to  flood  the  pump  casing,  thus 
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ensuring  its  being  primed.  If  a  lift  is  unavoidable,  tlien  it 
becomes  necessary  to  provide  a  suitable  foot  valve  and  a 
generous  supply  of  priming  water,  cnou^li  to  lill  completely 
the  suction  pipe  and  pump  cusing.  This  feat  urc,  ot'  course, 
limits  the  centrifugal  io  situations  where  there  are  easy 
suction  supply  conditions. 

In  cost  the  centrifugal  pump  with  h('(lj)l;"e  is  hut  litt  Ic 
more  than  the  duplex,  but  the  addition  of  (Iriviijg  nioloi- 
brings  up  the  price  very  matorially.  Foi'  ；)  "iv("i  type,  llu* 
speed  of  a  motor  determines  its  size  and  influ"m'('s  t  he  total 
price  of  outfit.  Tt  may  roughly  be  stated  that  the  cent  rifu^al 
|)uni]>  and  motor  costs  50  per  cent,  more  than  the  duplex. 
There  is  a  wide  difference,  however,  in  the  weights  of  t  he  same 
size  pump  among  different  manufacturers. 

The  success  or  failure  of  a  fire  pump  depends  very  niucli  on 
its  being  properly  erected  and  connected  up.  Briefly,  it  ma v 
be  said  that  a  fire  pump  must  be  so  located  as  to  be  safe  at 
all  times  from  the  breakage  of  its  pipe  connections  due  to  tlie 
falling  of  floors  and  machinery,  and  safeguarded  from  any 
influence  such  as  smoke,  fire,  or  flood  that  might  drive  away 
the  operator.  It  should  be  accessible  at  all  tinios  for 
operating  and  overhauling,  and  not  blockaded  by  miscel- 
laneous storage.  It  must  permit  of  practicable  pipe  connec- 
tions, the  suction  pipe  receiving  first  consideration,  and  the 
bteam  and  discharge  pipes  so  run  as  to  be  safe  from  damage 
and  always  be  in  commission.  The  exhaust  should  go  dircci 
to  atmosphere,  and  not  be  tied  up  with  other  pipes. 

The  suction  supply  should  preferably  be  practically 
inexhaustible,  such  as  a  river  or  lake,  and  a  suitable  intake, 
properly  screened,  provided.  Wliere  a  stored  supply  only  is 
available,  it  should  be  large  enough  to  supply  the  pump  for 
two  hours,  more  or  less,  depending  on  conditions.  No  cast- 
iron  rules  can  well  be  established,  as  the  insurance  engineer 


Fig.  6.— Cextkifugal  Fihk  I'umi*  with  Diffusion  Yanks. 

having  jurisdiction  is  expected  to  weigh  conditions,  and  secure 
a  reliable  pump  service  without  expensive  or  complicated 
refinements. 

It  will  perhaps  be  of  interest,  and  not  altogether  without 
value,  to  look  a  bit  into  the  future  and  try  to  discern  what  is 
to  be  the  development  of  the  fire  pump.  It  is  not  at  all 
unlikely  that  the  steam  turbine  centrifugal  will  gradually 
displace  the  duplex  pump,  as  its  design  becomes  simplified 
and  standardised,  and  its  cost  lowered.  Where  steam  is  not 
available,  we  shall  find  the  electric-driven  centrifugal,  or  the 
gasolene  driven  rotary,  and  as  fast  as  its  development  permits, 
the  gas-turbine  driven  centrifugal  will  possibly  win  recogni- 
tion and  receive  adoption.  To  whatever  extent  insu ranee 
interests  adopt  these  new  appliances,  it  will  be  done  with  an 
eye  single  to  their  proved  value,  as  regards  simple  and  rugged 
construction  and  reliability  of  performance 


New  Type  Metal. 一 The  necessity  of  using  three  different 
metal  alloys  in  printing  establishments ― one  for  the  linot  \ 
machines,  another  for  the  monotypes,  and  a  third  for  the 
stereotyping ― seems  to  be  obviated  by  a  new  alloy  invented 
by  George  R.  Wagner,  chief  linotype  machinist  of  the"  New 
York  World."  This  alloy,  according  to  The  Brass  World," 
works  equally  well  for  casting  whole  lines  of  type  in  the 
linotype  machines,  for  casting  single  letters  in  the  monotype 
machines,  and  for  casting  page  plates  in  the  stereotyping 
process,  and  is  composed  as  follows :  Lead,  82  ]>er  cent.  ；  an- 
timony, 13  per  Gent.  ；  tin,  5  per  cent.  The  advantages  ('laiimnl 
for  the  new  alloy  are  that  it  gives  to  the  slug  or  type  a  rigidity 
ill  excess  of  the  metal  formerly  used  and  at  much  less  cost  - 


ELECTRIC  FURNACE  STEEL  CASTINGS. 

BY  C.  A.  HANSEN. 

During  tlie  summer  of  1911  a  3-pliase  an:  turnaci*,  having 
a  nominal  capacity  of  two  tons  per  cliar^e,  was  installed  in 
the  new  and  modern  found  ry  of  the  Tread  well  Engineering 
Coin{>any,  Easton,  l>a.  The  r(>"  ol  nu*lt  cf J  mHal  1'ro/n  I  hi- 
furnace  has  heon  found  to  be  somewhat  less  tliaii  oiie-half  t h;it 
of  the  old  crucible  furnace  plant  when  the  latter  was  UKing 
oil  at  2\  cents  per  gallon.  Since  tlie  advaiu-e  in  the  price  of 
oil  has  added  $6  to  $7  more  to  the  cost  per  ton  of  kioIUmi 
crucible  steel,  tlie  possibilities  of  saving  in  cost >  nn*  readily 
aj)parent.  So  far  as  the  product  is  concerned,  tlte  most  strik- 
ing differences  are  not  found  in  comparing  electric  and 
crucible  steels  of  similar  compositions.  If  any  difTerences 
exist  between  such  steels  they  are  negligible  in  importance,  as 
repeated  tests  have  shown. 

Electric  steel  castings  are  usually  made  in  lower  carbon** 
than  it  is  possible  to  make  from  even  clay-lined  cruciblo. 
In  the  latter  it  is  perfectly  possible  to  melt  0  20  carbon  steel, 
but  it  is  not  possible  to  run  the  0*20  carbon  product  regu- 
larly into  light-section  castings.  As  a  result,  0*30  to  0'40 
carbon  castings  are  the  usual  output  of  the  crucible  steel 
foundry,  and  all  castings  which  require  machining  must  be 
annealed.  With  the  electric  furnace,  furnace  maintenance 
costs  increase  rapidly  as  the  carbon  content  of  the  product  is 
brought  down,  and,  quite  contrary  to  current  opinion,  it  is 
not  economical  to  turn  out  010  carbon  steel  castings,  although 

it  is  perfectly  possible  to  do  so.  It 
is,  however,  economically  {practicable 
to  turn  out  0  20  carbon  castings, 
and  such  castings  can  be  machined 
easily  without  annealing.  All  ca>t  - 
ings,  whether  0"20  carbon  or  0  30 
carbon,  can,  however,  be  improved 
by  annealing. 

Current  opinion  also  lias  it  tliat 
the  advantages  of  the  electric  fur- 
nace follow  largely  from  tiie  fact  that 
such  a  furnace  cau  work  up  any  sort 
of  a  charge.   While  this  may  often  be 
true,  it  is  not  well  to  base  estimates 
of  the  cost  of  molten  electric  fur- 
nace steel  upon  the  usual  published 
f uniacing  costs  and  upon  the  local 
prices  of  stove-scrap  and  similar  materials.    Probably  every 
operator  of  an  electric  steel  furnace  has  at  one  time  or  another 
run  off  heat.s  from  charges  composed  of  stove-scrap  or  its 
equivalent,  and  little  need  be  said  of  the  reasons  for  or  against 
such  a  procedure. 

Many  have  suggested  charging  molten  cuj)olrt  metal 
directly  into  the  electric  furnace  for  refining.  In  several  such 
cases  of  which  I  know,  the  power  consumption  per  ton  of  out- 
put was  greater  for  the  cupola  metal  charge  than  for  the  cold 
scrap  charge ；  the  original  cost  of  the  cupola  metal  、、； 卜 in 
the  neighbourhood  of  $18  per  ton,  as  compared  wit  i  t  S12  per 
ton  for  the  regular  cold  charge,  and  the  cost  of  furnacing  was 
likewise  higher  for  the  cupola  metal  charge.  The  economy 
incident  to  heating  the  furnace  with  auxiliary  fuel-l)m.nin"r 
apparatus  may  interest  those  who  charge  molten  metal  into 
electric  furnaces,  but  the  interest  attaches  ratlier  to  tlie  pre- 
vention of  skulled  furnace  bottoms  than  to  a  direct  saving  in 
electric  energy.  Heating  the  furnace  and  charge  to  a  good 
red  heat  by  means  of  oil  burners  (witli  oil  at  2 A  i*ent>  per 
gallon)  increased  the  cost  81  per  ton  over  tlie  regular  prac- 
tice of  all-electric  heating.  Keeping  tlie  furnace  hot  over 
night  by  means  of  either  oil  or  electric  energy  、va，  tound  not 
to  niateriallv  decrease  ii»aiiittMiaiu*e  oo>ts,  and  it  did  in<*nsi-«» 
the  cost  of  production.  These  items  above  refer  to  power 
suj)ply  at  approximately  one  cent   per  kilowatt-hour. 

Much  stress  has  been  laid  on  the  economy  attarhing  to 
continuous  operation  of  the  electric  furnace  as  compared  witli 

*  AbsLiact  of  papor  ruud  before  the  Auicricau  Klcctio  chciniciil  Socictv .  Apiil 
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mere  day-shift  operation.  So  far  as  costs  go  for  the  molten 
steel,  it  is  true  that  continuous  operation  means  10  to 】5  per- 
cent, saving  over  intermittent  operation.  Very  little  has, 
however,  been  said  regarding  the  relative  efficiencies  of  day 
and  night  work  in  the  other  departments  of  the  foundry,  nor 
has  it  been  well  impressed  upon  the  mind  of  the  average  in- 
vestigator of  electric  steel  problems  that  one  can  easily  lose 
many  times  the  10  to  15  per  cent,  saving  in  molten  metal  costs 
in  the  decreased  efficiency  of  the  night  shifts  on  the  moulding 
floor,  cleaning  room,  &c.  Claims  are  being  made  that  10  to 
12  heats  from  cold  scrap  can  be  taken  from  one  electric  fur- 
nace in  24  hours.  Possibly  they  can，  but  the  furnace  will 
have  to  be  rebuilt  at  least  three  times  each  week. 

These  and  other  considerations  have  led  to  the  practice, 
now  established  at  Easton,  of  operating  the  foundry  on  day 
shift  only,  charging  a  good  quality  of  steel  scrap,  enough  pig 
and  ore  being  added  to  keep  the  charge  off  the  furnace  bot- 
tom, and  casting  steel  of  around  0*20  carbon,  unless  other- 
wise specified.  The  furnace  plant  has  been  operated  on  a 
one-heat-per-day  basis,  requiring  7  to  7h  hours  to  turn  out 
its  charge  from  the  cold  furnace.  Power  consumption  at  fur- 
nace transformer  primary  terminals  has,  in  that  case, 
averaged  1,050  kw.-hr.  per  2,0001bs.  (909  kgs.)  steel  in  the 
ladle. 

The  furnace  has  been  operated  also  on  a  two-heat-per-day 
and  three-heat-per-day  basis,  when  business  conditions  war- 
ranted. The  second  and  third  heats,  having  the  advantage  of 
being  started  off  in  a  hot  furnace,  are  finished  in  4^  hours, 
at  a  current  consumption  of  630  kw.-hr.  to  640  kw.-hr.  per 
ton.  Even  with  the  three  heats  per  day,  no  steel  is  poured 
outside  of  the  regular  day  shift.  Two  men  start  the  furnace 
shortly  after  midnight,  and  steel  is  poured  at  7-15  a.m., 
11-45  a.m.,  and  at  4-30  p.m.  The  uncertainties  attaching  to 
pouring  on  schedule  time  are  not  as  great  as  they  are  with 
either  open-hearth  or  crucible  furnaces. 

Much  has  been  written,  especially  by  electro-chemists 
familiar  with  direct-current  electrolytic  apparatus,  regarding 
the  undesirable  character  of  the  loads  taken  by  arc  furnaces. 
It  may  therefore  be  well  to  state  that  the  load  curve  for  the 
furnace  here  considered  is  smoother  and  of  higher  power-factor 
than  the  load  of  similar  magnitude  used  in  the  shops  of  the 
Treadwell  Company  where  the  products  of  the  steel  and  iron 
foundries  are  machined.  It  seems  a  pity  that  the  electric 
steel  furnace  was  not  developed  by  people  familiar  with  the 
load  characteristics  of  modern  machine  tools,  rolling  mills, 
street  railways,  &c.  Central  stations  are  quite  familiar  with 
these  loads,  but  they  are  not  familiar  with  the  arc  furnace, 
so  when  we  dwell  upon  the  bad  features  of  the  arc-furnace 
load  we  can  scarcely  blame  the  central  station  for  supposing 
the  load-curve  of  the  latter  to  be  a  really  bad  one. 

Since  the  above  was  written  Mr.  Treadwell  has  sent  me 
the  following  additional  data  concerning  his  furnace  ： ― 


Average  number  of  heats  per  week   15 

Average  weight  per  heat,  pounds    4,600 

Average  power  consumption  per  2,0001bs.,  kw.-hr   900 

Average  repair  costs  per  2, 0001b s   $2.50 

Average  electrode  costs  per  2,0001bs   $2.50 

Average  weight  castings  made,  pounds    9 

Ratio  of  cleaned  castings,  risers,  &c,  to  charged  weight 

per  cent  -,  ~  92-95 

Ratio  of  finished  castings  to  charged  weiglit,  approximate 

per  cent   60 

The  furnace  lining  is  repaired  after  3'5  heats. 

Mr.  Treadwell  is  a  firm  believer  in  pouring  extremely  hot 
steels,  and  this  fact  is  reflected  in  the  high  maintenance  costs 
and  in  a  rather  high  power  consumption.  A  similar  furnace, 
of  which  I  have  accurate  records,  shows  costs  as  follows  ： ― 

Pouer  consumption  per  2,0001bs.,  kw.hr   7"2o 

Kepair  costs  per  2,0001bs   $1.30 

Electrode  costs  per  2，0001bs   $2.15 


The  latter  furnace  is  pouring  somewhat  colder  metal  into 
castings  of  151bs.  average  weight,  and  repairs  to  the  furnace 
lining  are  made  after  8  to  10  weeks'  operation  on  the  same 
basis  of  15  heats  per  week.  In  the  latter  case  the  repair 
charges  include  upkeep  of  the  bottom-pour  ladles  used,  and  I 
believe  this  is  also  the  case  with  Mr.  Treaclwell's  figure. 


FACING  CHUCK  FOR  MACHINE  TOOLS. 

The  accompanying  illustrations  show  a  simple  arrangement 
of  mechanism  for  traversing  the  facing  slide  of  a  facing  chuck 
its  full  travel  without  requiring  any  alternative  setting.  The 
arrangement,  which  is  the  invention  of  Messrs.  H.  W.  Kearns 
and  Co.,  Ltd.,  Broadheath,  Manchester,  is  specially  applicable 
to  surfacing,  boring,  and  milling  machines.  Referring  to  the 
illustrations,  A  is  the  facing  chuck  and  B  is  the  facing  slide 
having  the  tool  holder  C.  The  facing  slide  is  traversed 
radially  in  undercut  guides  D  in  the  facing  chuck.  The 
mechanism  for  traversing  the  slide  consists  of  a  spindle  E 
coaxial  with  the  facing  chuck  and  having  a  bevel  wheel  F 
secured  thereto.  This  bevel  wheel  is  in  gear  with  a  bevel 
wheel  G  secured  on  a  spindle  H  rotatably  mounted  radially 
in  the  facing  chuck.  A  screw  or  worm  S，  of  a  diameter 
greater  than  the  diameter  of  the  bevel  wheel  G，  is  secured  on 
the  radial  spindle  H.  This  worm  S  is  in  gear  with  a  helical 
rack  secured  to  the  rear  face  of  the  facing  slide.    The  worm 


Facing  Chuck  fob  Machine  Tools. 
S  can  traverse  the  facing  slide  throughout  its  complete 
traverse  without  requiring  readjustment.  It  is  obvious  that 
the  diameter  of  the  worm  S  must  exceed  that  of  the  bevel 
wheel  G  to  prevent  the  rack  fouling  the  latter.  By  having 
a  worm  of  greater  length  than  that  illustrated,  the  length  of 
the  traverse  of  the  slide  can  be  proportionately  increased. 


North-cast  Coast  Institution  of  Engineers  and  Shipbuilders. ―  A  lec- 
ture on  "  Wireless  Telegraphy  ，，  was  delivered  on  the  23rd 
ult.  by  Mr.  Harry  Fothergill,  before  this  institution  in  New- 
castle, the  president  of  the  institution  (the  Hon..  Sir  Charles 

A.  Parsons)  being  in  the  chair.  In  the  course  of  the  evening 
Sir  Charles  Parsons  announced  the  result  of  the  ballot  for 
the  election  of  councillors  and  officers  for  next  session  as  fol- 
lows : President,  Sir  Andrew  Noble,  Bart.  ;  vice-presidents, 
Mr.  R.  J.  Walker,  Mr.  Alfred  Harrison,  and  Mr.  M.  S.  Gibb  ； 
five  ordinary  members  of  council,  Mr.  J.  T.  Batey,  Mr. 
Launcelot  E.  Smith,  Mr.  G.  F.  Tweedy,  Mr.  B.  G.  Arkwright, 
and  Mr.  George  Renwick.  Awards  were  presented  to  the  fol- 
lowing graduates  for  papers  read  before  the  Graduate  Section 
during  the  session  1912-13：  C.  H.  Bentham,  B.Sc"  Wh.  Ex., 
"The  2-cycle  Marine  Diesel  Engine M  ;   Moung  Ba  Gyaw, 

B.  Sc"  "  The  Transmission  of  Power  by  Chains "  ；  E.  T. 
Champness,  B.Sc,  "  Oil  Fuel  and  its  Application  to  Marine 
Boilers  "  ;  M.  M.  Parker,  B.Sc,  "The  General  Features  of 
Yacht  Design  '，  ；  and  John  Dickinson,  "  Pipe  Design." 
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PRESENT  POSITION  OF  DIESEL  ENGINES  FOR  MARINE 
PURPOSES.- 

HY  J.  T.  MILTON. 

(( 1o7icluded  front  page  JflSt) 
1.— Experience  with  \'ksskls  Fittkd  witit  J)iksi;l 
Knginks. 

Thi':  following  accounts  of  the  services  of  the  diiTcrciit  vessels 
referred  to  have  been  mainly  takon  from  the  puMislicd  sliippm-j 
papers.  The  various  vessels  arc  arranged  to  some  extent  in 
chronological  order,  but  this  has  been  departed  from  \vlicn 
dealing  with  some  vessels  which  are  either  sisters,  or  have  been 
constructed  by  the  same  builders. 

The  first  sea-going  vessel,  other  than  small  craft,  to  be  fitted 
with  Diesel  engines  was  the  twin-screw  Italian  vessel  "  Romagna," 
built  in  1910  at  Ancona.  Her  engines  were  made  by  Messrs. 
Salzer  Brothers,  of  Winterthur.  After  running  for  a  short  time 
she  was  withdrawn  from  service,  and  was  fitted  with  new  or 
additional  air  compressors,  and  then  resumed  service.  She, 
however,  was  lost  at  sea  in  November,  1911.  It  is  believed  that 
she  is  the  only  Diesel-engined  vessel  which  has  been  so  unfortunate. 

The  next  vessel  to  be  mentioned  is  the  "  Vulcanus,"  which 
was  fitted  with  a  single-screw,  6-cylinder,  4 -stroke  cycle  engine 
of  the  "  Werkspoor  ，，  type.  Her  cylinders  are  15f  in.  diam.  with 
a  stroke  of  23|in.  She  commenced  work  in  December,  1910， 
and  was  engaged  on  short  runs  in  the  North  Sea  until  August, 
1911，  when  she  made  a  voyage  to  Genoa,  returning  to  Amsterdam. 
She  was  then  again  employed  in  the  North  Sea  until  September, 
1912,  when  she  started  on  a  Black  Sea  voyage.  After  two  such 
voyages,  in  February,  1913,  she  sailed  for  Batoum  :  thence  to 
Colombo,  and  she  has  since  been  running  regularly  between 
Singapore  and  the  Dutch  East  Indian  Islands.  She  has  been 
frequently  surveyed  by  Lloyd's  Register,  and  the  only  troubles 
with  her  have  been  a  burst  air  receiver  and  some  ordinary  defects 
which  would  occur  in  steam  engines.  Her  engines  have  recently 
been  surveyed,  and  after  three  years'  working  her  cylinders 
have  been  rebored  owing  to  their  having  worn  slightly  out  of 
truth.  There  have  been  no  difficulties  with  her  owing  to  the 
Diesel  principle,  and,  seeing  that  she  was  a  pioneer,  her  success 
is  remarkable. 

The  "  Toiler"  was  built  by  Messrs.  Swan  &  Hunter.  She  is 
a  twin-screw  vessel  of  1,659  tons  gross,  and  was  fitted  with 
single-screw  Diesel  engines  with  eight  cylinders  in  all,  9|in. 
diam.  by  14Jin.  stroke,  made  at  Stockholm.  After  a  short  service 
in  home  waters  she  started  in  August,  1911,  from  the  Tees  for 
Halifax,  and  arrived  there  in  September.  She  was  the  first 
Diesel-engined  vessel  to  cross  the  Atlantic.  She  was  afterwards 
employed  on  the  Canadian  Lakes.  From  the  particulars  stated 
it  will  be  seen  that  she  has  exceptionally  small  power  in  proportion 
to  her  size,  and  the  writer  has  been  informed  by  her  builders 
that,  owing  to  her  comparatively  low  speed,  her  engines  will 
soon  be  taken  out  and  replaced  by  steam  engines  of  larger  power. 

The  "Calgary"  is  a  very  similar  vessel  to  the  "Toiler," 
being  approximately  of  the  same  tonnage.  Her  engines  are  of 
the  same  type  but  are  more  powerful,  her  cylinders  being  llfin. 
diam.  by  16r、in.  stroke.  She  was  built  in  1912,  and  is  still 
trading  on  the  Great  Lakes  and  St.  Lawrence  River. 

The  next  to  be  fitted  with  Diesel  engines  was  the  twin-screw 
vessel  "  Selandia,"  and,  as  she  is  a  very  large  vessel  engaged  on 
long  voyages,  her  performances  have  been  watched  with  great 
interest.  She  commenced  work  in  February,  1912，  and  has 
since  traded  regularly  between  Copenhagen  and  Bangkok,  and 
is  now  on  her  sixth  voyage.  She  has  been  regularly  under 
survey  by  Lloyd's  Register,  but  at  no  time  on  account  of  defects. 
On  her  first  voyage  she  had  two  new  pistons  and  two  new  cylinder 
liners  fitted  on  account  of  sorae  damage  sustained  thrmijji 
defective  lubrication,  and  all  licr  exhaust  valves  wore  tlicii 
replaced  by  others  of  improved  design.  Any  other  work  r(>(|i!iiv(l 
to  her  has  been  such  that  steam  engines  would  have  iu'(':1i'  I. 
Altogether,  especially  as  she  was  the  first  large  Diesel- t"i,i:im'(l 
vessel  of  Messrs.  Burnieister  &;  Wain，s，  she  lias  been  remarkaltlv 
successful. 

The  next  vessel  of  Messrs.  Burnieister  &  Wain  was  the 
" Christian  X.，"  a  duplicate  of  the  "Selandia."  She  is  owned 
bv  the  Hamburg- Amerika  Line.    In  July,  s!ie  sailrtl  tor 

*  Paper  read  at  the  spring  meetings  of  the  tifti  -lii'th  st-s>ion  of  the  Institution 
of  Naval  Architects,  April  '2nd,  1914. 


Ii('r  first  voyage  to  Mexico,  tl"'n  returned  to  Ha" 山 ur"'.  Slu* 
next  made  a  voyage  to  IMiiladflplna  and  back  witLouf  in,  i'l'  iit. 
sailed  on  her  third  voyage  to  Baltiniorc,  met  with  ;i  luirriraiic, 
ami  had  to  return  to  Queenstown.  During  the  heavy  w»*at  Id 
wlien  she  had  to  bo  slowed  down  the  fu''l  valves  bi'ranir'  (larnaycd. 
Owing  to  the  oil  uscmI  hcin^  of  an  easily  i^nitablo  r  liarar  tcr,  iIm- 
valve  setting  suitable  for  full-power  running  with  sjwr  I'mni'i"' 
oil  gave  too  much  "  lead  "  wIhmi  running  slowly,  and  raiiM-d 
the  damage.  After  a  very  .slight  dolay  hIic  roHUincd  Imt  v' 八'; iy. 
and  lias  since  been  running  regularly  between  New  Voi I；  an'l 
Brazil.  In  January  last  she  met  with  her  first  scrioiiH  trouble, 
tho  outer  watci-  jackets  of  soim'  of  l"'r  cylinders  l>fcomi/i»;  na(  k<''l. 
The  cause  was  attributed  to  scale  forming  on  the  imi<  r  liners, 
and  thus  permitting  tliem  to  become  overheated,  thcii-  '',、'p;"i、ioii 
cracking  the  outer  jackets. 

Other  nearly  similar  vessels  built  by  tlu*  .same  finn  ； in.  tho 
" Suecia,"  "  Siam，，，  "  Annam,"  "  Pedro  Christopherson/'  "  Cali- 
fornia," and  "  Fionia." 

The  "  Suecia  "  is  similar  to,  l)ut  rat  he  i-  .sinallcr  than.  \\w 
" Selandia,"  and  has  the  same  arrangement  of  auxiliaries.  She 
commenced  work  in  December,  1912，  trading  between  Stockholm 
and  South  America.  On  her  second  voyage  she  met  with  tin; 
accident  to  her  air  receiver  already  referred  to  in  the  paj>n . 
She  has  since  been  regularly  at  work,  and  is  now  on  her  fourtli 
voyage,  and  no  further  troubles  have  been. reported. 

The  "  Siam  ，，  is  also  a  similar  vessel,  but  rather  larger  than 
the  "  Selandia/'  She  commenced  work  in  April,  1913.  Her 
sister  vessel,  "  Annam/'  commenced  work  in  June,  !913.  Both 
have  continued  steadily  in  service,  and  no  incidents  of  any  kind 
have  been  reported  in  either  of  these  cases. 

The  "  Pedro  Christoplierson  "  is  sister  to  the  "  Suecia."  Sl;e 
commenced  work  in  August,  1913.  Like  her  sister  she  Ls  enj^i::'  'l 
in  South  American  trade,  and  the  only  casualty  which  has  been 
reported  in  her  case  was  a  collision  with  a  quay  wall. 

The  "  California,"  whose  engines  are  slightly  larger  than 
those  of  the  "Selandia,"  commenced  work  in  October  last. 
is  engaged  in  the  North  Atlantic  trade.    No  casualties  of  any 
kind  have  been  reported  in  her  case. 

The  "  Fionia  ，，  is  the  vessel  with  tlie  largest  cylinders  yet  in 
use  in  any  Diesel-engined  vessel.  She  has  twin-screw  engines 
of  a  total  of  4,000  i.h.p.  There  are  six  cylinders  to  each  shaft, 
the  diameter  being  29in.  and  the  stroke  43in.  She  had  a  v,'n 
successful  trial  in  December  last,  and  on  January  13tli  Ktartcd 
on  her  first  voyage.  She  returned  to  port  next  day  with  serious 
trouble  to  her  air  compressors,  which  were  of  different  type  to 
those  previously  used  by  Messrs.  Burnieister  &  Wain.  i'lir.、'， 
have  now  been  replaced  by  others  of  different  design,  and  the 
vessel  has  again  started  on  an  Eastern  voyage. 

The  "  Jutlandia  ，，  is  a  sister  vessel  to  the  "  Selandia,"  but 
was  built  and  engined  in  this  country  by  Messrs.  Barclay,  Curie, 
and  Co.  After  a  delay  caused  by  a  mishap,  wliich  occurred  on  a 
trial  trip,  to  a  part  of  the  mechanism  not  connected  with  the 
Diesel  cylinders,  she  started  her  first  Eastern  voyage  from 
Copenhagen  in  August,  1912.  She  is  now  homeward  bound  on 
her  fourth  Eastern  voyage.  On  the  outward  voyage,  it  is  stated 
in  the  shipping  papers  that  she  collided  with  a  floating  derelict 
off  Cape  Finisterre,  and  damaged  one  of  her  shafts.  Except  for 
this  accident,  which  has  nothing  to  do  with  the  Diesel  principle, 
she  has  been  remarkably  successful. 

All  the  foregoing  vessels  have  4-stroke  cycle  engines. 

The  next  vessel  to  be  referred  to  is  the  "  Eavestone,"  whicli 
lias  2-stroke  cycle  engines  of  the  Carels  type.  She  commenced 
work  in  July,  1912，  made  some  short  runs  in  the  Xorth  Sea  and 
Baltic,  thence  to  Spain,  and  then  crossed  the  North  Atlantic. 
On  her  return  she  put  into  Fayal  with  inacliinerv  disabled,  in 
January,  1913，  and  from  the  shipping  papers  it  appears  that 
new  pistons  and  new  cylinder  covers  had  to  be  sent  out  to  her 
to  enable  her  to  complete  her  voyage.  She  arrived  in  the  Tt'，'、  in 
March,  and  remained  there,  presumably  under  repair,  till  Julv 
1st.  Durinii  tlie  remainder  of  last  year  she  was  regularlv  eimagnl 
between  the  United  Kingdom  and  Baltic  ports.  Earlv  this  voar 
she  sailed  for  the  Meiliterranean,  \vl;ore  she  is  at  present  at  work. 

Tn  August,  1912，  the  "  ！ Monte  Pencdo  "  commenced  work. 
Her  engines  are  2-stroke  cycle,  and  were  made  by  Messrs. 
Sulzer  Bros.  On  her  first  voyage  slie  arrived  at  Buenos  Aires  in 
October  and  remained  there  until  the  following  Januarv,  \\  \.vn 
with  new  pistons  which  had  been  sent  out  to  her,  she  made  her 
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return  voyage  to  ]l;iinl>urii'.  She  has  since  then  been  regularly 
at  work  on  the  Unih'd  Stafi's  and  Brazilian  coasts  without  any 
delays. 

In  November,  1912,  the  "  Rolandseck  "  commenced  work. 
Her  engines  were  made  by  Messrs.  Tecklenborg,  and  are  of  the 
2-stroke  Cards  type.  TJie  papers  show  that  she  has  since 
been  running  regularly  between  Portuguese  ports  and  Hamburg, 
the  only  casualties  reported  being  very  slight,  and  to  the  hull 
only,  no  mention  being  made  of  the  engines. 

In  the  same  month  the  "  Juno  "  commenced  work.  She  is 
an  oil  tanker,  and  is  fitted  with  single-screw,  4-stroke  engines  of 
the  "  Werkspoor  ，，  type.  Soon  after  starting  she  had  a  cylinder 
renewed.  The  defect  which  had  occurred  was  attributed  to 
locally  deficient  water  circulation.  This  was  remedied.  She 
was  first  engaged  on  some  short  runs,  but  in  January  of  last  year 
she  left  Rotterdam  for  the  East,  where  she  has  since  been 
engaged  running  between  the  Dutch  East  Indies  and  Singapore 
with  great  regularity. 

About  the  same  time  the  "  Emanuel  Nobel "  commenced 
work.  She  is  also  a  tanker,  but  is  fitted  with  twin-screw  engines, 
each  of  which  was  a  duplicate  of  those  of  the  "  Juno."  Similar 
defects  to  those  which  had  shown  themselves  in  the  "  Juno's  " 
cylinders  were  similarly  remedied.  Since  then  she  lias  been  kept 
constantly  at  work,  and  the  only  casualties  reported  are  slight 
damages  due  to  collision,  and  to  heavy  weather,  and  there  is  one 
record  of  her  having  put  into  port  with  overheated  bearings. 

The  "  London  "  is  a  single-screw  vessel  fitted  with  sister 
engines  to  those  in  the  "  Juno."  She  commenced  work  in  Novem- 
ber of  last  year  and  has  since  been  employed  in  regular  work 
in  the  Dutch  East  Indies.  The  only  casualty  reported  in  her 
case  was  that  she  anchored  at  Dungeness  on  November  24th 
at  6-20，  and  signalled  "defect,"  and  proceeded  at  8-23  the 
same  evening. 

Towards  the  end  of  1912  the  "  Foi'clonian  ，，  was  completed, 
and  had  a  very  successful  trial.  Her  engines  were  made  by  the 
Clyde  Sliipbuilding'  and  Engineering  Company,  of  Port  Glasgow, 
upon  the  Carels  2-stroke  design,  and  were  very  similar  to  those 
of  the  "  Eavestone."  She  started  on  a  voyage  to  the  Canadian 
Lakes,  for  service  upon  which  she  was  intended.  She  returned 
to  port  through  trouble  with  bilge  pumps  and  with  air  com- 
pressor. These  were  remedied,  but  owing  to  the  lateness  of  the 
season  she  was  laid  up  at  Greenock  until  May,  1913.  During 
this  time  her  cylinder  covers,  which  were  of  cast  steel,  were 
renewed  with  others  of  cast  iron,  as  the  result  of  experience  with 
utlier  engines,  not  on  account  of  developed  faults.  Nothing  else 
、vas  done  to  her  engines,  and  in  May  she  started  a  non-stop 
run  to  Quebec.  She  has  since  been  running  regularly  and 
satisfactorily  on  the  Canadian  Lakes  until  the  close  of  the  season. 

In  May,  1913,  the  "  Hagen,"  built  by  Messrs.  Krupp,  of  Kiel, 
started  on  her  first  voyage.  She  is  a  twin-screw  vessel,  having 
six  cylinders  to  each  shaft.  They  are  of  the  2-stroke  type. 
The  two  air  compressors  are  worked  by  auxiliary  oil  engines, 
each  being  large  enough  to  supply  both  engines.  Her  first  voyage 
was  to  New  York  ；  on  her  return  the  air  compressors  gave  mucli 
trouble,  and  she  was  more  than  three  months  under  repair. 
One  of  her  compressors  was  renewed  at  this  time.  She  com- 
menced her  second  voyage  to  New  York  in  November  last,  and 
has  now  made  two  more  voyages,  during  the  last  of  which  some 
of  her  pistons,  both  of  the  main  and  of  the  auxiliary  engines, 
cracked.  These  pistons  are  cooled  with  fresh  water.  It  was 
iuuiid  that  the  circulation  of  the  water  had  been  partially 
obstructed  througli  sediment  from  the  water.  The  passages 
have  now  been  enlarged  to  ensure  a  better  circulation. 

The  "  Loki  ，，  is  a  sister  vessel  to  the  "Hagen."  She  com- 
menced work  on  October  30th,  sailing  between  Hamburg  and 
PJiiladelpliia.  She  arrived  back  in  December,  when  her  engines 
were  opened  out  for  thorough  examination,  and  sailed  again 
in  January  for  New  York.  It  is  reported  in  the  papers  that  she 
remained  in  New  York  for  16  days  repairing,  and  she  is  now  on 
lier  homeward  run  to  Hamburg. 

The  I  Wotan  I  ■  the  Diesel-engined  vessel  with  the  largest 
power  on  one  shaft  yet  afloat.  She  has  a  single  screw,  there  are 
six  cylinders,  each  23|in.  diam.  by  43in.  stroke,  working  on  the 
2-stroke  cycle.  r  They  were  made  by  the  Reiherstieg  Company, 
of  Hamburg,  on  the  Carels  2-cycle  plan,  and  indicate  2,300  h.p. 
After  a  fsuecussiul  prolonged  trial  alio  left  Hamburg  in  September 


last  for  New  York,  and  returned  to  Hamburg  after  the  voyage 
without  incident.  On  arrival  \wr  macliinery,  including  the  air 
compressors,  was  overhauled,  and  was  all  found  in  order.  On 
attempting  to  start,  trouble  was  experienced  with  the  compressors, 
and  the  vessel  was  delayed  for  several  days.  She  then  started  on 
a  second  voyage  to  New  York,  during  which  two  crank-pin 
brasses  gave  trouble.  As  there  was  only  one  spare  one  on  board 
this  was  fitted,  and  the  vessel  proceeded  with  five  out  of  her 
six  cylinders  in  action,  and  ai'rived  at  New  York  only  a  little 
late.  Her  return  was  without  incident.  On  her  third  voyage 
outward  slie  put  into  Plymouth,  with  the  air  compressor  de- 
ranged, and  was  repaired  there.  After  about  three  weeks' 
detention  she  again  sailed  on  her  present  voyage. 

The  French  barque  "France"  fitted  with  Cards  type  of 
engines  lias  twin  screws.  Besides  being  of  good  mechanical 
power,  she  is  rigged  as  a  5-masted  barque  and  has  full  sail  power. 
She  started  on  lier  first  voyage  in  November  last,  and  has  reached 
her  destination  in  New  Caledonia,  and  no  casualties  are  reported. 

The  "  Arthur  von  Gwynner  ，'  is  fitted  with  4-cylinder  Junkers 
engine,  not  of  the  tandem  type.  She  started  service  in  November 
last,  and  so  far  her  work  has  been  satisfactory  ；  no  delays  or 
casualties  have  been  reported. 

The  "Sebastian"  is  the  most  recent  Diesel-engined  vessel 
to  be  put  into  service.  She  is  twin  screw,  with  engines  made  at 
Stockholm.  She  has  just  started  on  her  first  voyage,  and  has 
been  reported  as  being  "  all  well." 

Mention  ought  to  be  made  of  the  u  Tynemount."  She  was 
fitted  with  two  Diesel  engines,  made  by  Messrs.  Mirrlees,  Bicker- 
ton,  &  Day.  Each  engine  drove  an  electric  alternator,  which 
was  connected  to  a  motor  upon  the  screw  shaft.  The  vessel  and 
her  niacliiiieiy  were  described  in  a  paper  read  at  the  Summer 
M^ctinus  of  this  Institution  in  1913.*  So  far  the  electrical 
portion  of  the  equipment  has  not  answered  expectations.  The 
difficulty,  however,  does  not  lie  with  the  Diesel  engines. 

Appendix  II. 

Calculations  of  Temperature,  &c.，  in  Diesel  Engines. 

Some  particulars  of  carefully  conducted  trials  of  a  2-cylincler 
4-stroke  Diesel  engine  are  recorded  in  "  Engineering  "  of  July 
and  August,  1903.  The  following  are  some  of  the  data  recorded 
of  a  full  power  trial  :■ ~ 

Duration  of  trial    60  minutes. 

Total  revolutions    9,258. 

Revolutions  per  minute    ....  154*5. 

Mean  effective  pressure   113-41bs.  per  square  inch,  left. 

，,  "    114*51bs.  per  square  inch,  right 

Indicated  horse-power    101  0  left,  103-4  right. 

Total  oil  used   671bs. 

Cooling  water  per  minute    ..  49-61bs. 

Change  of  temperature  of  water  52  •  5°  C. 

Temperature  of  exhaust   ....  384°  C. 

Two  cylinders,  each  diameter  400  mm, 

，，  "     stroke  . .  600  mm. 

It  is  stated  in  the  paper  that  the  oil  used  on  oue  of  the  trials 
had  a  composition ― 

Carbon   =  85    per  cent. 

Hydrogen  ,.   =  135  ，> 

Incombustible   =    1  -5  ，， 

Two  indicator  diagrams  are  given  ；  they  are  practically 
identical  in  the  compression  and  expansion  curves,  and  differ 
but  slightly  at  the  admission  portion. 

The  swept  volume  of  each  cylinder  is  2  -663  cub.  ft. 
The  clearance  =  -08  of  swept  volume    =    -213  ，， 
Total  cylinder  volume  =  2-876  ，， 

<  )ne  pound  of  air  at  atmospheric  pressure  (14-71bs.  per  square 
inch)  and  at  32°  Fall,  occupies  12-384  cub.  ft. 

At  60°  Fah.  it  occupies  12-384  x  ^  +  f^1  =  13-089  cub.  ft. 
1  32  +  461 

Assume  that  the  pressure  of  air  during  the  exhaust  is  lib. 
above  the  atmosphere,  and  that  during  the  suction  stroke  it  is 
lib.  below  atmosphere  ；  also  that  the  indrawn  air  is  at  60°  Fah. 
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The  residual  gas  in  the  clearance  at  the  end  of  the  exhaust  stntlco 
will  be  at  15  Tibs,  pressure  ；   its  voluinc  will  expand  1(> 

•21.3  x         =  .244  cub.  ft. 

before  the  suction  commences.    This  will  leave 

2-876  ―  -244  =2-632  cub.  ft, 

to  be  filled  by  the  indrawn  air.    This  is  repeated  every  cyclo,  and 
this  amount  of  air  might  be  called  the  "  cycle  :iir.,' 
The  weight  of  the  cycle  air  will  be ― 

2-632   ..  13  7 
14-7 


•187411). 


13  089 

of  which  77  per  cent.  =  •  14431b.  is  nitrogon, 
and  23  per  cent.  =  •  04311b.  is  oxygen. 

In  this  particular  case  the  blast  air  was  taken  from  the  main 
cylinder  near  the  end  of  the  compression  and  further  fompiossod 
in  a  separate  compressor.  The  same  weight  of  air  is,  therofon\ 
in  the  cylinder  du ring  the  compression  and  the  expansion  st  rokes. 

The  weight  of  oil  used  per  impulse  sti'oko  is ― 

J— 『餐 滅，  ― 

of  which  85  per  cent.     =  0061511b.  is  carbon, 
and  13*5  per  cent.  =  -0009771b.  is  hydrogen. 
The  carbon  uses 

•OlfilOlk  of  oxygen  to  burn  it  to  C02. 


-00(5151  x 


12 


The  hydrogen  uses 

•  00097  x  ^--0078211).  of  oxygen  to  burn  it  to  H.,0. 

Total  oil  uses  -024221b.  of  oxygen. 

The  final  fomposition  of  the  cycle  air  will,  after  combustion,  be 
•  14431b.  of  nitrogen. 
•022551b.  of  C02. 
•008801b.  of  H20. 
and  -018881b.  of  free  oxygen. 

The  relative  volumes  of  these  when  hot  will  be 一 
•1443 

•02255 

44 
•00880 

18 
•01888 
"32^ 

If  the  analysis  be  made  cold  and  no  allowance  is  made  for  the 
H20,  which  will  then  be  water,  the  apparent  volumes  will  be 一 

N  =82-4  per  cent. 
CO,  =  8-2  " 
O  =  9-4  ,, 

The  analysis  quoted  in  "  Engineering  "  gives  ： 一 
N  =81-7  per  cent,  by  diff. 
C02  =  7  0  ,, 
O  =  113  „ 


= 005154 

of 

N.,  oi 

！,  76  4  per  cent. 

= 000513 

of 

co2, 

or  7-6  per  cent. 

= -000489 

of 

H20, 

or  7-2  per  cent. 

= 000590 

of 

0,  or 

8-8  per  cent. 

Actual  air  factor  =     Total  Oxygen       =  02422 
Consumed  Oxygen  0431 


1-78. 


It  will  be  seen  when  dealing  with  temperatures  that  it  is  pro- 
bable that  the  oil  was  not  completely  burned,  as  there  must 
have  been  considerable  combustion  towards  the  end  of  the 
stroke,  and  quite  possibly  it  was  not  absolutely  complete  at  the 
end  of  stroke.  It  must  be  remembered  that  the  exhaust  may  be 
smokeless,  although  part  of  the  carbon  may  be  only  burned  to 
CO,  not  to  C02. 

Next  as  to  the  relative  volumes  of  the  gas  before  and  after 
combustion. 

The  law  holds  good  that  at  the  same  temperatures  and  pres- 
sures the  molecules  of  all  gases  have  equal  volume. 

The  molecule  of  carbonic  anhydride  is  C02. 

"  oxygen  ，， 

，，  nitrogen         ，，  N2. 

,，  H,0  gas  H20. 


From  this  it  is  seon  that  C02  occupies  the  sarn**  voluim- ；卜 
the  oxygen  used  in  its  fomiatio",  I 川 t  that  11, 0  t/as  o'-'  iip"', 
twice  the  volume  of  the  oxygen  wltit-li  it  contain-. 

The  relative  volumes  of  tin*  ^ascs  hofon*  and  aft'.r  coinljustioii, 
whon  mill (屮 （1  to  ('(jual  tem|"'ratim's  and  prcssiin's.  - 

1443 

•0431 

~~32" 


IVf"iv  c(»iiil>ust  ion 


(10：,154  of  X. 


001347  of  O. 

一  -00*；5(»|  ot  ai,. 


At'trr  combustion  ：      '\4。43  =  005154  of  N  . 


=■■  000590  of  froc  (). 
- 000512  of  ((»  . 

-- -ooo I s«j  <,i  iro. 


32 

•02256  二  01 640 
44     or  32 

•00880 
18 

Total   =  -00674/5. 

Hence,  after  combustion,  if  the  temperatures  and  pressure's  of 
the  f^a.s  are  reduced  to  the  same  standard,  tlio  voliiinf  is  increased 
in  t  he  ratio  of 

•006745     .  ._Q         ,  f  . 

•006501  =    '        say,  4  per  cent,  increase. 

tlie  increase  being  due  to  the  combustion  of  tlio  Ii  vdro^on  of  the  oil. 

Although  the  total  increase  does  not  take  place  until  the  \vho|<* 
of  the  hydrogen  has  been  burnt,  it  is  probable  that  the  hydrogen 
does  burn  more  promptly  than  all  the  carbon,  so  that  most  of  tlu* 
increase  of  volume  will  take  place  comparatively  early  in  the 
stroke.  In  the  calculations  the  increase  of  volume  of  4  per  cent, 
is  assumed  throughout  the  whole  of  the  impulse  stroke. 

Temperature  of  Exhaust. ― The  exhaust  opens  shortly  before 
the  end  of  stroke,  and,  therefore,  sliglitly  less  work  is  done  by 
the  gas  than  would  occur  if  the  expansion  continued  till  the  end 
of  the  stroke,  and  the  exhaust  will  accordingly  be  sliglitly  hotter. 
It  will  be  assumed,  however,  that  the  expansion  is  continued  to 
the  end  of  the  stroke,  in  which  case  the  terminal  pressure  will  be 
51Ibs.  per  square  inch.  On  the  release  the  gas  must  expand 
to  atmospheric  pressure  (14* Tibs,  per  square  inch).  To  do  so  it 
must  displace  a  certain  volume  of  the  atmosphere.  Let  V  1"' 
the  volume  in  cubic  feet  to  which  the  gas  expands,  then  the 
volume  of  atmosphere  displaced  to  make  room  for  it  is  V— 2-876 
cub.  ft.  In  displacing  this  atmosphere  the  work  done  is 
(V  一  2*876)  x  14-7  x  144  ft.-lbs. 

This  is  equivalent  to- 


(V-2-876)x  14^7Xg144=(V- 


-2-876)  x2-72  B.T.U. 


If  the  gas  expanded  into  a  vacuum  so  that  no  work  was  done 
by  its  expansion,  its  temperature  would  not  fall,  but  as  it  does 
work  during  its  expansion  its  temperature  correspondingly  falls. 

The  weight  of  gas  expanded  is — 

1  •  08  x  ( •  1874  +  •  007237)  =  •  21021bs. 

The  specific  heat  at  constant  pressure  is  -25，  hence  the  fall  of 
temperature  due  to  the  work  done  during  the  expansion  is ~ 
o  .70 

. 讓 x.25  x(V-2-876)=(V-2-876)  x51-76°  Fah. 

If  we  assume  the  temperature  of  the  gas  before  expansion  is 
2,000°  Absolute,  since  P  x  V  =  C  x  T,  we  get— 

51  x  2  •  876  =C  x  2,000°  before  expansion,  whence  C  =  •  073338. 

After  expansion,  if  T  is  the  final  temperature  Absolute ~ 

14-7  xV  =C  x  T. 

= 073338  {  (2000  -51-76  (V  -  2-876)  ；• 
= 073338  (2148-9  -51-76  V). 
= 157-6  -  3-796  V. 

V  =  8-521  cub.  ft. 
and  fall  of  temperature  =  (8-521  -  2-876)  x  51-76 
= 292°  Fah. 

Exhaust  temperature  =  (2,000  -  292)  =  1,708°  Abs. = 

1,247°  Fah. 

To  ascertain  the  effect  which  an  error  in  the  estimation  of  the 
cylinder  gas  temperature  would  make  in  the  calculation  of  the 
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fall  of  temperature,  assume  the  toniperature  to  be  2，  100°  instead 
of  ^.(MK)    tli*'  tollnwiti^  would  !)c  the  calculal ion  :_- 

51  x2-876  =C  x  2100.     C  =  -069846. 

11-7  V       ()(i!tSKi  ；  (2100-  51  T(>  (V    2-S7(i) ； 
= -069846  x  (2248*9  -  51-7(i  V). 
1  157  0  I  3*614  V 
8-576  cub.  ft. 

and  fall  of  temperature  =  (8-576-2-876)  x51-76=295°  Fah. 

That  is,  an  increase  of  100°  in  the  absolute  temperature 
increases  the  fall  by  3°  only. 

Tt'tHprratKtr  in  the  Cylinder. ― Before  commencing  to  calculate 
the  temperature  of  the  gas  at  various  parts  of  the  cycle,  we  want 
to  know  what  it  is  at  any  one  definite  point.  The  most  con- 
venient starting  point  is  the  commencement  of  the  compression. 
At  this  point  we  have  a  pressure  of  13  71bs.  per  square  inch  at  a 
total  volume  of  2*876  cub.  ft. 

If  T  be  the  temperature  of  the  exhaust  when  the  clearance  is 
filled  with  it  at  a  pressure  of  15 -Tibs.,  we  have  the  heat  in  this 
represented  by    213  x  15-7  x  T,    This  expands  to  a  volume 

1  .7 

•244  cub.  ft. 


213 


13- 


before  the  new  air  begins  to  enter,  and  we  have  then  (2  •  876  ―  •  244) 
cub.  ft.  drawn  in  at  60°,    This  would  give  a  mean  temperature  of 
'213xl5-7xT+2  632  xl3-7  x60  =  .0849  T  +M '9。  Fah. 
2-876  xl-37 

To  this  must  be  added  the  temperature  which  the  indrawn 
air  derives  from  the  hot  cylinder  during  the  suction  stroke,  whicli, 
liowever,  cannot  be  so  much  as  the  heat  lost  during  tlie  exliaust 
stroke. 

In  making  the  calculation,  100°  Fah.  has  been  taken  as  the 
temperature  at  the  commencement  of  compression  ；  the  following 
ttMiipei-atures  are  then  obtained  at  the  various  piston  positions. 

In  order  to  obtain  the  mean  temperatures  on  a  basis  of  time, 
the  piston  positions  are  taken  for  every  10°  of  the  crank  positions. 
The  length  of  connecting  rod  is  assumed  to  be  4  cranks. 

For  the  compression  stroke  we  have  PV  —  CT  ' 
teinperatu  r('). 

13-7  x  1-08  =  C  x  561， 

\vlienr*e — 

告= 3  -  79  and  T  =  Pressure  x  Volume  x  37  -9. 
For  tho  impulse  stroke ― 
Pressure  x      ^1?6  x  37  ■  9  =  Pressure 


T 


1-04 


Volume  x  36-4. 


From  these  we  obtain  the  values  shown  in  the  following  t;:l>lc 


"iniuo  jo  a\Huy 

Swept  Space. 

Total  Space. 

Compression, 
rressuri'  from 

Compression. 
Temperature 
Absolute. 

Compression 
Temperature 
Fahrenheit. 

Impulse. 
1    Pressure  from 
Diagram. 

Impulse. 
Absolute. 

111 

lhs. 

n.s. 

0 

0 

•  08 

490 

1,483 

】,022 

4'.)(l 

1,483 

1,022 

10 

•  ooor> 

.0895 

415 

1. 机 -> 

944 

550 

1,795 

1,3：14 

20 

•  0375 

.1175 

302 

1,:W5 

884 

615 

2,635 

2,174 

30 

•  0827 

.1(127 

215 

l.:?lT> 

804 

502 

2,970 

2,509 

•10 

•  1430 

.2230 

138 

1,1  "5 

704 

3C5 

2.9C5 

2,504 

r,o 

•  2157 

.2957 

90 

1.01t» 

549 

255 

2,745 

2,284 

tiO 

.2974 

•  3774 

894 

433 

185 

2,545 

2,084 

70 

•  3831 

.4631 

46 

807 

34(5 

145 

2,450 

1,989 

80 

•  4747 

.5547 

35 

736 

275 

115 

2,330 

l，8tm 

90 

.5631 

•  6431 

28 

682 

221 

95 

2,225 

1,704 

100 

•  fi484 

.7284 

23 

635 

174 

80 

2,125 

1,664 

110 

•  7251 

•  8051 

20 

611 

150 

70 

2,055 

1,594 

120 

.7975 

- 8775 

18 

599 

138 

02-5 

2,000 

1,539 

130 

.8585 

•  9385 

17 

f.05 

144 

(id 

2.045 

1  ,.r»S4 

140 

.9090 

•  9890 

Hi 

(100 

139 

57-5 

2,070 

150 

>  .9487 

1-029 

15.5 

f»03 

142 

Exhausting. 

160 

' .9771 

1.057 

IT) 

601 

140 

170 

■  9942 

1-074 

14 

570 

109 

180 

1.00 

1.080 

】3.7 

100 

Note.  If  the  expansion  had  been  carried  to  the  end  of  the  stroke  before 
exhaust,  the  pressure  would  be  511bs.  per  square  inch  and  the  temperature 
2,010。  Absolute  =  1,549°  Fah.  It  will  be  seen  that  the  temperature  is 
rising  before  the  exhaust  takes  place,  notwithstanding  that  work  is  still 
being  done  by  the  expanding  gas.  This  shows  that  combustion  is  still 
proceeding,  and  points  to  the  r.mrlusi.m  that  it  is  ru»t  entirely  completed 
Ijffolt'  tin*  exh;i\ist  take.s  |)lacc. 


Mean  Tnt,i)!'r"fui'r  itt  ( ',/〃/〃/  '/'.  -  During  compression,  tlie 
mean  t(>mp(utim、  shown  in  the  table  is  403°  Fall.  Jf  during  tlio 
l;it"'r  portion  of  tlio  stniko.  whilst  tlio  ^as  is  hein^  exhausted, 
\v(i  take  the  t('mp''r;Uure  as  a  dicmii  l"'tw<'('ii  1,009°  Fah.,  whicli 
is  tJie  tein])('r<iture  just  before  the  opening  to  cxhau.st,  and 
I  S)\W  Fall.,  whicli  would  be  the  temperature  if  tlio  expansion 
\v;ts  carried  to  the  en  1  of  the  stroke,  the  mean  temperature  during 
the  inipulso  stroke  of  the  cycle  will  be  1,823°  Fah.  During  the 
exhaust  stroke  the  piston  is  expelling  the  hot  gas,  whose  tem- 
perature has  fallen  to  1,257°  Fah..  by  expanding  down  to  atmo- 
spheric pressure.  This  may  be  taken  as  the  temperature  during 
t his  stroke.  During  the  suction  stroke  the  temperature  may  be 
taken  as  100°  Fah.  Tlie  mean  of  these  four  cycles  is  8%'  Fah. 
If  we  have  the  same  diagram  in  a  2-cycle  engine  for  comparison, 
we  have  a  mean  temperature 

= 1823  +  403 
= 1，113°  Fah. 

which  is  217°  above  the  mean  temperature  in  the  4-cycle  cylinder. 

In  an  ordinary  Diesel  engine  as  now  made,  the  air  used  for 
the  injection  of  the  fuel  is  supplied  separately,  and  is,  therefore, 
not  in  the  cylinder  during  the  compression  part  of  the  diagram. 
As  it  is  in  the  cylinder  during  the  impulse  stroke,  it  must  be  taken 
account  of  in  dealing  with  the  expansion  part  of  the  diagram. 
It  is  usually  considered  that  the  air  used  for  injection  is  6  litres 
per  brake  horse-power  per  minute,  measured  at  atmospheric 
pressure  :  this  is  about  6*2  per  cent,  of  the  swept  volume.  In 
estimating  the  temperatures  during  the  impulse,  this  must  be 
allowed  for  in  addition  to  the  3-8  per  cent,  of  volume  due  to  the 
combustion  of  the  hydrogen  of  the  oil,  so  that  a  total  augmentation 
of  6-2  +3-8  =10  per  cent,  has  to  be  allowed  for  in  the  calcu- 
lations. The  following  are  the  calculations  from  the  (liagnim 
of  the  "Suecia's"  engines  : — 


Angle  of  dank. 

Total  Space, 

Compression. 

Pressure 
by  Diagram. 

Compression, 
Temperature. 
Absolute. 

Com])ression. 
Tem])erature 
Fahri'iilu-it. 

HI 

Teniperatuii' 
Absolute. 

0 

•  08 

487 

1,475 

1,014 

487 

】 

1,014 

10 

•  0805 

柳 

1,558 

1,007 

503 

1 ,550 

1,080 

20 

.117") 

335 

1,490 

1,02!) 

r>u 

2.0SO 

l.til!) 

：!(» 

.11.27 

225 

1,385 

024 

.-,()(■> 

2.8：{() 

2, 細 

40 

.2230 

150 

l,2li8 

HOT 

3(58 

2.830 

2,369 

50 

•  29.r)7 

08 

1,090 

r»2!) 

250 

2, "(>r> 

2,184 

(>0 

.3774 

ti7 

957 

49fi 

183 

2.:t.S(l 

1.919 

7(1 

.4(>：$1 

47.5 

834 

373 

132 

2,110 

i,r>4i» 

SO 

--)-)47 

;u 

715 

254 

101 

] .0：52 

<K) 

.0431 

25.5 

022 

Kil 

81 

1.7!)2 

loo 

.7284 

20.5 

10.-) 

67-5 

l.(i!l<( 

1.220 

1  10 

•  HO.->l 

17.5 

535 

71 

5S 

l.lilO 

1.H9 

120 

•  8775 

Hi 

533 

ti!) 

51 

1.5-1(1 

1.070 

130 

•  ii:{s.-) 

15 

533 

(iO 

4li 

1 .4H.-. 

1.024 

140 

•  0800 

44 

i.r"8 

1.0.-)7 

150 

l.()2!l 

42.5 

] ,r>or> 

1,044 

160 

1.057 

40-5 

1,475 

1,014 

170 

1-074 

Exhaust  inp. 

ISO 

1.080 

13.7 

5«1 

100 

、！ oan  pressure,  6  •  19  kg.  per  square  cm.  =  881bs.  per  square  inoh. 

Mean  impulse  temperature  =  1423°  Fah. 

"  compression  =   417°  " 

. ，，  exliaust  =   735°  " 

，，  suction  =   100°  ，， 


664°  MenTi. 


Petrol  Electric  Rail  Motor-car. —  Some  exhaustive  trials  have 
recently  been  made  in  Southern  Sweden  with  a  rail  motor-car 
equipped  with  a  Diesel  engine  and  electric  motor.  The 
trials,  which  covered  a  distance  of  over  2,000  miles,  proved 
satisfactory  in  everv  respect.  The  engine  weighs  33  tons, 
and  was  run  at  a  speed  of  34  miles  per  hour  on  level  track. 
The  .average  consumption  of  fuel ― a  crude  oil  from  Swedish 
shales^ainoiuited  to  about  91bs.  per  mile.  With  110 
]);issengers  tlie  car  attained  a  speed  of  31  miles. 
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ELECTRIC  FURNACES  FOR  STEEL  MAKING  * 

I1Y  E.  B.  CLAR  K. 

The  intending  user  of  ； m  cI<m-(  cic  r,u  n;i<'<'  wishes  (l('|"'n 丄 il 山' 
answers  to  two  questions  :  ( 1 )  I  low  will  a n  elect  r-ic  furnace 
compare  with  some  other  apparat us  for  produciti^  or  rolinin^ 
steel  as  to  quality  of  output  and  cost,  of  oper;it  iou  ？  (2) 
Assuming  the  wisdom  of  an  electric  furnace  installation, 
what  is  the  best  type  of  furnace,  and  wliat  size  of  unit  is 
pi  oper ？ 

Most  of  the  available  literature  upon  these  subjects  is 
of  a  theoretical  nature.  In  formation  from  a  practical  stand- 
point will  generally  be  acceptable,  but  when  one  is  actually 
a  user  of  electric  furnaces  in  the  commercial  production  of 
steel  he  does  not  find  a  great  deal  to  say.  After  all,  this  is 
not  a  surprising  fact,  for  the  electric  furnace  does  not  offer 
anything  radically  new  in  the  production  or  refining  of  steel. 
Its  use  is  generally  contemplated  for  a  purpose  where  steel 
may  be  made  or  refined  either  in  an  electric  furnace,  a 
crucible  furnace,  a  Bessemer  converter,  or  an  opeii-lieai'th 
fu  rnace. 

The  crucible  furnace  enables  one  to  make  accurate  alloy 
mixtures  of  high  quality  without  contamination  from  gases 
or  furnace  linings.  Practically  no  refining  can  be  done,  and 
therefore  high-grade  materials  must  be  used  for  the  mixture. 
By  the  law  of  supply  and  demand,  the  price  of  pure  mate- 
rials for  use  in  crucible  furnaces  will  be  higher  where  the 
crucible  process  is  employed  to  a  considerable  extent.  The 
electric  furnace  will  produce  steel  of  the  same  degree  of 
purity  as  a  crucible  fu  rnace,  and  the  possibility  of  refilling 
in  an  electric  fu  rnace  makes  possible  the  use  of  less  pure 
materials.  This  is  an  advantage  for  the  electric  furnace,  and, 
at  the  same  time,  an  advantage  for  the  crucible  furnace, 
because  the  demand  for  the  high-grade  materials  necessary  in 
the  crucible  process  is  reduced  by  each  additional  electric 
furnace  installation,  and  therefore  the  price  of  the  charge  for 
the  crucible  furnace  is  reduced.  This  is  especially  true  as 
applied  to  the  small  crucible  furnaces  used  in  foundry  prac- 
tice, which  require  low-phosphorus  steel  punchings  for  their 
successful  operation. 

The  small  Bessemer  converter,  or  Tropenas  vessel,  is 
capable  of  producing  hot  steel  in  small  units  quickly.  It 
does  not  permit  of  refining,  however,  and,  therefore,  necessi- 
tates the  use  of  low  phosphorus  and  low  sulphur  pig  iron, 
which  must  be  pre-raelted  in  a  cupola  using  high-grade  coke. 
The  losses  are  severe  and  the  steel  is  not  free  from  oxides 
and  occluded  gases.  The  electric  furnace  will  produce  steel 
just  as  hot  as  the  small  Bessemer  vessel,  but  free  from  oxides 
and  occluded  gases.  However,  the  electric  furnace  requires 
scrap  for  charging  rather  tlian  pig  iron,  so  if  only  pig  iron  is 
available  at  commercially  desirable  figures,  the  pig  must  be 
converted  into  steel  before  charging  into  the  electric  furnace. 

The  open-hearth  furnace  will  produce  from  pig  and  scrap, 
steel  of  a  fairly  liigh  degree  of  purity  and  of  fairly  high  tem- 
perature. The  electric  furnace  will  do  the  same  thing  (except 
that  the  use  of  a  large  percentage  of  pig  is  not  desirable),  and 
is  capable  of  producing  purer  and  hotter  steel  than  is  tlie 
open-hearth  under  usual  operating  conditions. 

Summarising  these  general  observations,  it  may  be  said 
that  for  the  alloying  of  steels  the  electric  furnace  offers 
nothing  that  the  crucible  furnace  does  not ;  for  the  produc- 
tion of  very  hot  steel  the  electric  furnace  offers  nothing  that 
the  Bessemer  converter  does  not  :  and,  metallurgically  speak- 
ing, the  electric  furnace  offers  nothing  that  the  open-hearth 
does  not.  It  is  a  fact,  however,  and  this  is  the  important 
fact,  that  the  electric  furnace  combines  in  itself  certain 
advantages  of  all  three  of  the  other  processes  mentioned.  ( )n 
the  other  hand,  it  is  seldom  that  one  wishes  to  secure  the 
atl vantages  of  all  these  other  three  processes  combined  in 
one.  Generally,  a  certain  object  is  in  view  by  the  intending 
user  of  an  electric  furnace  or  some  other  form  of  apparatus 
for  producing  steel.  Of  course,  broad  generalities  will  not 
solve  tins  problem.  The  cost  of  production  is  the  final  answer 
from  a  commercial  standpoint,  and  this  depends  not  only 
upon  the  market  for  the  intended  output,  hut  upon  the  avail- 

*  Abstract  of  paptu'  read  l'et、"v  Iht'  Antcrican  Kleotro-flicmirMl  Sor"'"'.  Aiuil 
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al>le  supply  of  st^p]  inaking  materials,  and  upon  the  a  vail 
ability  of  a  sat  i^factory  and  sufTicient ly  cliea])  source  of 
electric  power.  In  passing  it  mi^ht  be  observed  that  this 
(juesiioii  of  electric  power  supply  is  generally  not  so  serious 
； is  mi"'l"  ； a  first  appear,  hi  tl"'  first  place,  there  are  many 
locations  where  a  suflidmt  amount  of  I'airly  clicap  f'l'''.tri'. 
power  may  ho  purchased  :  and,  in  the  second  place,  tlie  item 
of  power  is  not  often  of  suproiiK*  importance. 

There  are  other  elements  entering  into  tin*  production  "i 
electrically-refined  steel  which  linvc  a  i':u.  L"'';i"'r  miMucm'-c  on 
the  cost  of  product  ion  than  is  generally  credited.  The  mo  t 
important  of  these  is  experience.  It  should  be  understood 
clearly  that  the  electric  furnace  is  a  more  delicate  apparatus 
than  any  of  the  other  three  furnaces  mentioned.  It  is  more 
difTicult  to  handle,  and  its  operation  offers  more  likelihood 
of  mishaps.  Electric-furnace  operation  has  not  yet  been 
reduced  to  standard  practice.  Melters  familiar  with  it- 
operation  are  scarce  and  difficult  to  find. 

To  attempt  an  answer  as  to  what  type  of  furnace  is  best  is 
as  unsatisfactory  as  to  make  general  comparisons  bet wff*n 
electric  furnaces  and  other  furnares.     If  we  could  ； it 

face  value  the  statements  of  a  number  of  men  interested  in 
the  development  of  certain  electric  furnaces,  wo  ca-il v 

believe  that  as  soon  as  a  found ryniaii  had  installed  an  elec- 
tric furnace  (provided  he  installed  the  right  one)  his  troubles 
would  be  at  an  end.  As  a  matter  of  fact,  he  is  apt  to  liiul 
that  they  are  just  beginning.  In  t  lie  first  place,  unless  tlio 
design  of  the  furnace  lias  been  thoroughly  tried  nut  in  prac- 
tice, it  will  certainly  have  to  be  modified  considerably  from 
the  designer's  ideas.  In  the  second  place,  the  user  will  cer- 
tainly find  the  furnace  to  be  a  more  delicate  piece  of  appara- 
tus  than  he  had  anticipated.  He  will  find  that  while  he  can 
make  steel  of  a  very  liigh  quality,  he  can  also  make,  without 
difficulty,  much  steel  of  a  very  low  quality.  If  there  are  in 
the  society  some  men  who  have  been  using  electric  t'urii;"'(" 
for  the  production  of  castings  or  special  steels,  they  will  have 
no  difficulty  in  recognising  these  remarks  as  coming  from  one 
who  has  had  such  experience. 

It  so  happens  that  the  speaker's  experience  has  embraced 
not  only  a  study  in  this  country  and  Europe  of  the  design 
and  operation  of  a  number  of  different  types  of  furnaces,  l>ut 
has  embraced  the  actual  operation  of  two  typical  types  of 
furnaces  for  the  production  of  steel  castings.  The  invest  i^a 
tion  as  to  which  general  type  of  furnace  is  best  let!  in  mv  case, 
as  in  that  of  most  others,  to  much  confusion  of  ideas.  1 1  卜 
so  evident  that  each  type  has  certain  advantages  and  disad- 
vantages, and  so  impossible  accurately  to  gauge  the  proper 
importance  of  the  various  advantages  and  disadvantages, 
that  one  cannot  reach  a  conclusion  as  to  which  type  of  furnace 
is  best  with  confidence  in  his  conclusion.  Perhaps  the  only 
way  to  learn  is  to  try  them  all.  As  a  matter  of  fact,  the 
speaker  has  already  tried  two,  and  feels  that  he  has  not  yet 
decided  the  question. 

We  have  operated  two  furnaces  of  one  to  1 .1  tons  capacity 
each,  of  the  surface-arc  type.  This  general  type  is  best  exem- 
plified by  the  Stassano  furnace,  the  general  construction  of 
whicli  is  well  known.  Our  furnaces  use  3-phase  power,  and 
the  arcs  are  maintained  above  tlie  surface  of  the  bath.  Tliey 
are  lined  with  magnesite  brick,  whicli ,  of  course,  while  a 
high  refractory,  is  quite  susceptible  to  damage  by  sudden 
heat  changes.  Very  hot  and  very  good  steel  has  been  pro- 
duced in  these  furnaces,  the  cost  of  repairs  has  been  rather 
high,  due  to  necessity  for  relining  rather  frequently.  Wo 
have  found  that  linings  last,  under  proper  treatment,  about 
40  to  50  heats,  tliougli  we  feel  that  some  changes  in  methods 
of  construction  would  increase  the  nu mber  of  heats  per  lining 
and,  therefore,  decrease  this  item  of  cost  very  considerably. 

The  labour  cost  on  operating  these  furnaces  has  been  found 
to  be  rather  high,  but  this  is  principally  due  to  tlie  small 
capacity  of  the  furnace.  Tlie  power  costs  have  not  been  liigh 
when  the  furnace  has  been  operated  continnouslv,  even 
despite  the  small  caj)acitv  of  the  charge.  Where  commercial 
conditions  have  made  it  necessary  to  permit  considerable  time 
to  intervene  between  heats,  the  power  consumption  has  been 
increased,  clue  to  the  necessity  of  keeping  tlie  furnace  fairly 
liot  between  lie:its.  Experience  in  (jperalion,  however,  has 
made  it  possible  to  re<hice  this  item  of  expense  tar  below 
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whtit  was  originally  believed  possible.  Even  where  the  fur- 
i!i)co  is  operated  on  day  turn  only,  and  kept  hot  over  night 
with  cui'rent,  the  power  roiisumption  was  surprisingly  low 
for  so  small  a  furnace.  Electrode  costs  have  been  quite 
reasonable. 

Summing  up,  it  may  be  stated  that  the  operation  of  these 
furnaces  lias  been  quite  satisfactory,  as  regards  quality  of 
output,  reliability  of  operation,  and  cost  of  production,  when 
the  size  of  the  furnace  is  taken  into  consideration.  .  Two  fur- 
naces should  be  used  alternately,  so  that  ample  time  can  be 
allowed  for  relining,  without  interfering  with  the  rontinuous 
supply  of  hot  metal. 

The  increasing  demand  for  hot  metal  for  foundry  pur- 
poses led  us  to  consider  the  installation  of  additional  metal- 
producing  capacity.  We  consider  that  the  type  of  furnace 
which  has  just  been  described  is  not  suitable  for  units  above 
from  2  to  2\  tons  capacity,  because  of  the  increasing  diffi- 
culty which  probably  would  be  experienced  with  linings  in 
the  larger  sizes.  As  a  furnace  of  approximately  five  tons 
capacity  was  necessary,  we  decided  to  install  one  of  the 
submerged-arc  type,  represented  by  such  furnaces  as  the 
Heroult  and  Girod.  A  Heroult  furnace  was  put  in,  and  has 
been  operated  very  satisfactorily.  Power  consumption  lias 
been  less  than  in  the  smaller  furnaces,  but  only  by  an  amount 
which  would  be  expected  for  the  difference  in  the  size  of  the 
fu  rnaces. 

As  a  matter  of  fact,  claims  for  low  power  consumption  by 
any  furnace  should  be  received  sceptically.  It  is  a  fact  that 
the  power  consumption  of  any  electric  furnace  depends  some- 
what upon  the  efficiency  of  the  furnace,  but  it  also  depends 
to  a  far  greater  extent  upon  the  method  of  operating  the 
furnace.  The  furnace  efficiency  depends  upon  the  thorough- 
ness of  the  heat  insulation,  for,  after  all,  the  only  heat  which 
is  lost  is  that  which  escapes  by  radiation  or  conduction.  That 
which  goes  out  in  the  slag,  or  in  the  steel,  depends  not  upon 
the  efficiency  of  the  furnace,  but  upon  its  mode  of  operation. 
Where  a  liigh  degree  of  refining  is  necessary,  slags  must  be 
taken  off,  at  the  cost  of  power  consumption.  Where  the 
furnace  must  be  operated  with  considerable  time  between  the 
heats,  lieat  is  escaping  rapidly  during  that  idle  time. 

Wliere  heats  must  be  held  in  a  furnace,  or  melted  slowly, 
to  meet  a  definite  schedule,  a  higli  power  consumption  must 
be  expected.  For  these  reasons  it  appears  that  the  claims 
for  low  power  consumption  of  certain  furnaces  are  practically 
valueless  from  an  operating  standpoint.  The  conditions  of 
operation,  rather  than  the  type  of  furnace,  are  what  control 
the  power  consumption,  thcugh,  of  course,  the  construction 
of  the  furnace,  as  regards  heat  insulation,  does  have  some 
influence. 

In  our  5 -ton  Heroult  furnace,  we  have  found  the  cost  of 
repairs  to  be  lower  than  in  the  smaller  furnaces.  This  is  due 
to  a  considerable  extent  to  the  type  of  furnace,  but  our  expe- 
rience in  the  operation  of  electric  furnaces  has  also  helped  in 
tli is  respect.  Furthermore,  we  have  not  yet  reached  our 
hoped-"for  results  as  to  repairs.  The  labour  costs  are  less  on 
the  larger  furnace,  as  might  be  expected,  partly  because  it  is 
automatically  controlled,  and  largely  because  of  its  increased 
output. 

To  summarise  onr  views  upon  the  relative  merits  of  the 
two  types  of  furnaces,  as  based  upon  our  own  experience,  I 
would  say  that  we  have  found  the  surface-arc  type  to  be  a 
much  better  furnace  than  its  critics  would  have  one  believe. 
On  the  other  hand,  we  have  found  the  submerged-arc  type 
better  for  our  purposes  because  of  its  larger  capacity  and 
lower  cost  of  operation.  It  would  not  be  fair,  however,  to 
ascribe  the  lower  costs  entirely  to  its  type,  for  the  capacity 
of  a  unit  certainly  has  much  to  do  with  the  lower  cost.  Where 
a  foundry  is,  like  ours,  entirely  dependent  for  its  supply  of 
hot  metal  upon  the  electric  furnace,  this  type  is  better  by 
reason  of  less  necessity  for  lining  repairs. 

No  attempt  has  been  made  here  to  give  actual  figures  of 
operation.  This  is  not  due  entirely  to  reluctance  to  publish 
our  costs  of  production.  As  a  matter  of  fact,  the  costs  of  pro- 
duction are  so  much  dependent  upon  local  conditions,  such  as 
quality  of  scrap  available,  continuity  of  operation,  and  price 
of  electric  power,  that  results  obtained  in  one  installation,  if 
used  as  a  basis  for  other  installations,  may  he  most  mislead- 


ing. The  predominating  influences  in  tliis  case  are  the  com- 
mercial conditions  surrounding  each  separate  installation. 

In  conclusion,  I  wish  to  reiterate  my  statement  that  an 
intending  user  of  an  electric  furnace  may  expect  to  learn 
niucl)  more  about  the  furnace  by  his  experience  after  he  gets 
it  than  by  the  statements  of  sonie  one  wlio  wishes  to  sell  him 
a  furnace. 


IMPROVEMENTS  IN  FLEXIBLE  COUPLINGS. 

A  method  of  securing  the  leather  or  other  flexible  connections 
to  the  discs  of  flexible  couplings,  the  invention  of  Messrs.  Croft 
and  Perkins,  Great  Northern  Works,  Leeds  Road,  Bradford, 
is  shown  in  the  accompanying  cuts.  Hitherto  it  has  been 
common  practice  to  arrange  projections  on  both  the  faces 
where  the  leather  or  other  material  is  secured  thereto,  and 
secure  it  to  these  projections  by  means  of  pins  or  bolts,  which 
are  used  to  press  washers  firmly  on  to  the  material  to  hold 
same  in  position.  The  faces  of  these  projections  have  hitherto 
been  flat.  Messrs.  Croft  &  Perkins  have  found  that  by 
forming  these  projections  with  dished  or  curved  surfaces  or 
with  recessed  or  convex  surfaces  and  forming  the  nut  or 
washer  which  is  held  on  the  other  side  of  the  leather  so  that 


Fig.  1.  Fig.  2. 

Improvements  in  Flexible  Couplings. 

its  face  has  the  reverse  contour  to  that  given  to  the  face  of  the 
projection,  a  very  much  better  hold  is  obtained  on  the  leather 
and  its  life  accordingly  prolonged.  As  shown  in  the  illustra- 
tions, the  projections  A  on  the  faces  B  of  the  two  discs  are 
dished  or  formed  concave  as  at  C，  while  the  adjacent  surface 
of  the  washer  D  is  formed  correspondingly  convex.  On  the 
other  hand,  the  face  of  the  projection  A  may  be  formed  convex 
and  the  adjacent  face  of  the  washer  made  concave.  In  the 
arrangement  shown  in  Fig.  2  the  leathers  E  are  made  multiple 
or  divided,  in  which  case  the  face  of  the  projection  A  is  formed 
concave,  while  the  intermediate  washer  F  which  comes  between 
the  two  pieces  E  of  leather  is  formed  with  the  face  adjacent 
to  the  projection  convex  and  with  its  other  face  also  formed 
convex,  while  an  additional  washer  G  with  a  concave  face  is 
placed  on  the  bolt  H  on  the  far  side  of  the  second  piece  or 
length  E  of  leather. 


CORROSION  OF  METALS  AND  ALLOYS  IN  CONTACT. 

In  the  "Engineering  Record"  for  January  24th  last,  Richard 
H.  Gaines,  chemist,  Board  of  Water  Supply,  New  York  City, 
gives  the  results  of  experiments  made  during  the  past  two 
years  at  the  laboratory  of  the  New  York  Board  of  Water 
Supply  to  determine  the  loss  suffered  from  corrosion  by  steel 
and  other  metals  when  in  contact  under  different  conditions, 
and  incidentally  to  observe  some  of  the  phenomena  of  galvanic 
action. 

In  the  first  series  of  experiments  specimens  of  the  metals 
listed  in  Table  I.  were  weighed  and  embedded  singly  and  in 
contact  in  damp  concrete  and  allowed  to  remain  therein  for 
two  months.  At  the  end  of  the  test  period  the  concrete  blocks 
were  broken  up  and  the  metals  taken  out,  carefully  cleaned, 
dried,  and  re-weighed,  the  loss  in  weight  representing  the 
amount  of  corrosive  action  in  each  specimen.  The  resulting 
losses  show  but  slight  differences  when  in  contact  and  alone, 
and,  therefore,  give  no  positive  evidence  of  electrolytic  action 
when  the  metals  are  coupled  in  concrete.  With  the  exception 
of  the  lead  the  corrosion  loss  of  all  the  metals  was  negligible, 
that  of  the  Monel  metal  almost  nil.    The  corrosive  action  in 
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the  case  of  lead  is  purely  solvent  in  chai  Mcior, 山'" lo  t  lie 
alkali,  and  no  .surt';ice  r(mting  is  Conned  to  hindor  pro^rossivo 
deterioration.  The  inot;il  sp('rim"'is  all  presented  about  tlie 
same  appearance  wlien  taken  out  of  the  coiicn'"'  as  wlicn  put 
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After  the  first  series  of  tests  was  completed  the  same  speci- 
mens, singly  and  in  contact,  were  placed  in  Mason  fruit  jars 
freshly  filled  with  Crotoii  water.  The  jars  were  then  sealed 
and  put  on  a  shelf  in  the  laboratory,  where  they  remained 
about  19  months.  At  the  end  of  this  period  the  specimens 
were  taken  out  of  the  jars  and  carefully  cleaned,  dried,  and 
re-weighed.  The  losses  due  to  corrosive  action  are  given  in 
Table  II.  In  each  of  the  foregoing  series  of  experiments 
(i.e.,  in  damp  concrete  and  in  Croton  water)  specimens  num- 
bered 1,  2,  3,  and  4  were  in  absolute  metallic  contact,  flatly 
bolted  together  by  iron  machine  screws  and  nuts.  Specimen 
5  consisted  of  three  metals  flatly  bolted  together,  but  the  con- 
necting bolts  were  insulated  from  tlie  plates  by  fibre  collars 
and  washers.  Specimen  6  was  made  up  of  two  metals 
separated  absolutely  from  galvanic  contact  by  a  fibre  plate, 
but  held  together  by  bolts  which  were  also  insulated  from  the 
plates  by  fibre  collars  and  washers. 
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The  evidence  from  these  experiments  apparently  indicates, 
however,  that  contact  between  steel  and  bronze,  and  steel  ； uul 
the  other  metals  of  the  series,  neither  promotes  nor  accelerates 
the  corrosion  that  normally  takes  place  in  steel  alone.  By  its 
very  lack  of  homogeneity  in  coni])osition  and  structure  the 
average  steel  surface  in  water  as  it  orrui's  i n  nature  ])i*esonts 
all  the  conditions  necessary  for  active  electro-chemical  corro- 


sion. Wliat  the  writer  once  ierined  ant<j  elect rolysis  is  tho 
inevitable  outi'ome,  and  this  process  in  steel  do<'、  not  ； ij,|"'"r 
to  be  hastened  )>y  contact,  with  other  mMal、  or  ;illov>.  I  n 
fact,  the  legitimate  coiiclusion  I rom  tlie  fore^(jin<^  f'x|"'ri""'i"、 
is  that  rather  less  than  more  galvanic  action  arises  from 
tact  between  steel  and  the  other  metals  of  the  series  than 
from  contact  between  steel  and  steel.  I n  actual  pr;"ti(('  it 
lias  been  found  that  if  a  steel  m",  is  put  on  a  s"'"l  l»olt  ； uul 
subjected  to  corrosive  conditions,  in  a  comparatively  short 
time  the  steel  nut  will  have  to  be  liammered  or  split  o(I,  if 
gotten  off  at  all,  on  accou  nt  of  r 1 1 > t  i 1 1 «^  ">"'Hl"'r  fmm 
corrosive  action  :  wliereas  a  hrass  or  bronze  nut  on  a  t''  l 
bolt  under  similar  condition  ('； m  \u-  r< '； nlily  screwed  o(T.  Tit  is 
is  a  very  important  consideration  where  quick  ciian^os  in 
waterworks  niarliinery  or  installation  mu^t  of  necessity  1"? 
made  from  time  to  time. 


INDUSTRIAL  AND  TRADE  NOTES. 

Clyde  Shipbuilding.  I)m'i  iig  \\n  \  I  tlir  "iimw  lit  m  nclird  )  i  '>ni 
(，I>(1(、  shi|)l)iiil(liti^;  \  ;i  i  ds  whs  satislactoiy.  Tl">，v  wriv  hiim(  lir'l  "ii 
the  river  'M  vessels  of  o8,0()()  tons,  as  conipa red  with  1(;  vessels  <,l 
'21,(i'3】  tons  in  tho  previous  month,  and  27  vessels  oi  tons 
in  April  of  last  year.  The  Clyde  total  for  the  four  niontlis  con 
sists  of  82  vessels  of  153,985  tons,  as  compared  with  08  vessels  of 
^37,101  tons  at  the  same  period  of  last  year. 

Proposal  to  Adopt  the  Calorific  Test  for  Gas. -- The  l'')ii(l(>"  I.i^lit 
and  Coke  Conipiui.v'-s  Mill  which  was  heforr  a  Select  C<niiiiiit  ''I 
the  House  of  ljords  on  the  *28th  ult.,  has  for  its  object  to  aholisli 
tho  illuniinating  power  test  for  gas,  and  substitute  1ii、i、  ,'lv  the 
caloritio  (or  heating)  test.  M v .  1 1 .  liloyd,  K.C.,  tor  tin*  i:roin"t"r，： 
said  the  circumstances  under  which  gas  was  used  Iiad  in  recent 
years  undergone  great  changes.  Nowadays  gas  was  used  in  almost 
all  cases  with  an  inciindesceiit  burner  w  hich  required  heat  to 
render  the  mantle  incandescent.  The  other  reason  for  the  pm 
posed  cliange  was  the  great  development  in  the  .supply  ()t  ga.s  lor 
Heating,  cooking,  and  power.  Hitherto  illuininating  power  had 
been  tlie  standard  test  of  gas,  but  as  tho  result  oi  these  changes 
illuminating  power  w  as  not  the  essential  ieaturo  of  gas,  but  heat- 
ing pow er.  ine  itluinniating  power  test  was  :i  tli,  m''u ('； il  t*'、t, 
the  results  of  these  tests  were  largely  depeiulont  upon  Inunau 
ability  and  agency.  The  calorific  test  largely  eliminateil  iln_-  |''  r、''ii;il 
clt'iuentj  and.  the  test  was  quick  and  simple. 

Motor  Boats  for  the  "  Aquitania." 一 Mo.ssrs.  John  I.  Thoi'iiycrol  t  ； uul 
Co.,  Ltd.,  have  recently  coniplott'd  two  motor  lx>ats  u  ln<!>  will  l»c 
cairied  by  the  new  C  una  id  steamship,  "  A<iuit;uiia.''  Tho  tlinieu 
sions  ol  the  new  boats  are :  Length,  3Utt.  ；  breadth,  *Jtt.  "iii. ; 
depth,  4ft.  Gin.  Each  boat  is  fitted  w  ith  a  Thorn ycrott  paraffin 
motor  developing  ； 30  b.li.p.  These  motors  are  arranged  to  start  on 
petrol  until  the  vaporiser  is  sufficiently  heated,  and  thou  tuniud 
over  to  paraffin.  The  design  is  a  distinct  departure  ii oiu  the 
usual  type  ot  ship's  boat,  its  prima i\v  I  unction  I 只、 to  tow  away 
the  ordinary'  rowing  hteboats  from  the  scene  oi  a  (1 卜; i、u  r.  Eacli 
ot  the  two  boats  carried  would  be  able  to  tow  a  consideraljlc  nuiu 
ber  of  boats.  The  wide  beam  and  specially  designed  lines  make 
them  excellent  so  a  boats.  An  inipoi'tant  feature  with  this  tyjic  ol 
eralt  is  the  wireless  installation,  by  means  of  which  the  boats  can 
be  kept  in  touch  with  other  vessels  in  the  line  oi  shipping.  The 
receiving  range  for  these  sets  are  about  300  miles.  One  ol  the 
boats  lias  recently  been  through  lior  official  trials  w  ith  satisfactory 
results,  the  speed  obtained  beting  nine  inilos  per  hour. 

New  Mining  Law  in  China.  —1 1  ..M  .  .Mijiistt-r  at  1  Vki ml;  li.i、  l'u  \、 i « i'  'i 
to  the  Hoard  of  Trade  n  translation  of  the  new  milling  la w  which 
was  publishotl  by  the  Chinese  Govoriniiont  in  tlio  Otficial  (iazrt  u- 
of  March  11th.  Article  4  of  the  new  law  provides  that  miI,j,'i.i.、  ot 
treaty  nations  may  secure  mining  rights  when  doing  joint  biibine^ 
with  Chinese  subjects,  but  they  must  not  hold  uiuiv  than  lialt  ot 
the  total  mini  ber  of  shares  in  the  concern.  Such  tortMgnors  "mat 
ako  present  to  the  Minister  ot  A^iiriilturc  and  C'omniort'o,  or  to 
tho  Director  of  ^1  ining  Supervision  Offici'.  a  crrtiticate  ismkmJ  by 
their  own  diplomatic  officer  or  consul  proving  tliat  tht\v  a ic 
、"lliug  to  bo  -subjtM't  to  those  regulations  and  otli*ir  law  s  t'<)mit'<  "''l 
with  tluMii.  The  exploitation  of  salt  and  potroUMini  is  n、s,'rv。l  to 
the  Chinese  Govoniinont.  Article  111  pi-ovides  that  contracts  ； m'l 
a^roomoiits  for  the  raising  of  foroijin  capital  tor  tlio  dt'velopiiuMit 
oi  mines,  made  before  tho  prostMit  regulations  hocamc  optMativo. 
shall  continue  in  iovvv  as  heretofore.  A  translation  of  tl"、  now 
law,  which  ca nu»  into  forco  on  Ma rrh  1  ltli,  may  U、  coiimi lto<l  liy 
firms  interested  at  tho  Commercial  I ntclli'Lromv  Branch  of  tho 
Bo;ml  of  Trade.  7:J,  HiiNin^liall  Stnvt,  f'ondon,  K.C. 

Royal  Commission  on  Railways  ：  Difficulties  of  State  Ownership.  \  i 
a  niocting  of  the  Hoval  Connnission  on  Hailw  ays,  on  April  3Utli. 
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Al  r.  William  V.  Tliurm',  s<»]  ici  toi"  to  the  M  crscv  Dorks  and  1 1  a  i 
1m>u  r  B'Kird,  \'c  ovidciic*1  on  hehali  (it"  dock  undortakin^s  r''pt'(' 
seating  a  total  capital  of  upwards  of  £  1(1", U(K>,(>(K).  J n  tlteir  view 
tiie  success  oi  the  principal  non  railway-owned  ports ― for  f、\;im 
pic,  LivrrjKK)!  ami  (Uasgow ― had  largoly  been  brought  ahout  hy 
t  ho  iiH't  that  tlu\v  h;ul  lift  mi  dki  na^ocl  hy  shipow  ihts,  im"'('h;mts, 
and  traders  en^a^cd  in  the  trade  of  the  place  and  knowing  the 
requirements  of  trade.  For  these  reasons  they  u ('rt'  convinced 
that  the  best  form  oi  】n;m;wim'iit  of  port  and  dork  undertii ki  n^s 
was  management  by  thosy  directly  interested  in  the  successful 
ih-vflopmojit  of  the  luisiiu'ss  of  each  iii(livi(lu:il  p  )rt  and  respon- 
sible for  the  finance  of  thei r  uudcrtn kin^s.  I i  a  projosal  、v,、r" 
made  to  split  up  the  prrsrnt  composite  undertakings  of  the  rail 
nay  companu's  in  oi-der  that  the  State  should  conduct  only  the 
pu rely  railway  business,  it  would  be  necessary  to  consider  what 
could  be  done  Avith  the  port  or  dock  undertakings  which  ^ ere  at 
present  owned  by  railway  t-onipaiiies,  and  were  in  competition 
witli  such  undertakings  as  the  independent  port  and  harbour 
trusts.  That  in  itself  was  a  big  problem.  It  would,  in  their 
opinion,  be  difficult  now  to  establish  indcpoiidfiit  companies  or 
pnltlic  trusts  under  the  control  of  traders  and  shipowjicrs  and 
railw  ay-owned  ports,  and  in  any  event  the  process  of  establishing 
them  Avould  be  a  long  one,  ;in<l  trade  ； it  the  ])(>rt  would  suffer  in 
the  operation.  They  therefore  doubted  at  present  the  practical 
bility  of  reversing  to-day  the  policy  of  recent  years  by  separating 
from  the  railway  undertakings  those  dock  and  harbour  under- 
takings which  had,  in  fact,  beconu1  combined  with  r;iihv;»ys  into 
one  system  or  business.  The  other  alterna ti\  e  、vould  be  tliat 
Stato  o\\  tier.ship  should  include  the  railway  docks  and  harbours, 
but  a  State  Department  would  lack  the  insight  a\ hich  'ship- 
o\\  ners,  merchants,  and  traders  gained  from  the  conduct  of  their 
own  businesses.  At  the  same  time  State  control  or  ownership  of 
one  group  of  ports  connected  with  State-owned  railways  would 
adversely  affect  the  rival  and  independent  ports.  It  was  not  to 
l'。  supposed  that  the  Board  of  Trade  would  retain  complete  inde- 
IxMidciice  of  mind  after  tin.1  nationalisation  of  railways.  There 
smiu'd  to  be  so  ma  ny  new  difficulties  and  dangers  to  conimerce 
involved  in  State  owm'rsliip  that  they  thought  it  would  bo  、、  ist'r 
to  see  whether  existing  difficulties  could  not  be  adjusted  or  sur- 
mounted by  less  drastic  action  before  taking  a  step  so  fateful  and 
so  completely  beyond  recall. 


NEW  PATENTS. 

S}><  rifn  itimns  of  the  following  are  now  imblishcd.  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  Wd.  Address 
Mechaniva!  Einjm^cr^  53,  New  Bailey  Street,  Mant  h ester. 

MECHANICAL  1913. 

Manufactu ro  of  .steel.    Viscount  Chotwyiul.  1300. 

J)oliver,v  valve  or  iiiirt  valve  for  air  coinpri'Sboi       Mould.  6450. 

l>ack'm<j;  lot'  piston  rods.    Allen.  8470. 

(Hands  for  stuffing  boxes.    Payne.  8488. 

Vertical  retorts  for  use  in  the  manufactu re  of  gas.   Drakes,  Ltd., 

and  Dobson.  8524. 
Starting  and  igniting  systems  for  the  engines  f)i'  motor  vehicles. 

Varley.  8679. 

Device  for  cleaning  cylinders  and  facilitating  starting  of  internal- 
combustion  engines.    Hendricks.  8820. 
.M anufacture  of  wire.    Girdwood.  8912. 

Apparatus  tor  converting  reciprocatory  lnoveiiient  into  rotary 

motion.    Wellisch  &  Heller.    8948. ' 
Belt;  rope,  or  chain  gearing.    Hodgkinson.  8983. 
Valve  mechanism  of  internal  combustion  engines.    Simpson.  9073. 
Draught  gear  for  railway  vehicles.    Willison.    9081.  , 
Valves  for  steam  engines.    Adams  &  Leach.  9124. 
Clutches.    Atkins.  9289. 

Gear-cutting  machines.    Parsons,  Carnegie,  &  Cook.  9483. 

Steam  generator  tube  stopping  means.    Houston.  10136. 

Kegenerative  coke  ovens.    Lecocq .  102o.'l 

Clutches.    Joseph  Cook,  Sons,  &  Co.,  and  Pluse.  10577. 

Valve  springs  tor  internal  coinlmstion  engines.   Kiulge-WhitA\ orth, 

Ltd.,  and  Whitmill.  l(f 
1  ntci  nal  comlmstion  engines,    Pit'pL'r.  1451)0. 
I  iidi<'ators  tor  steam  engines,  Korosy. 
IMu^s  lor  l)oil(M-  tubes.    Mason.  1G545. 
Liquid  meters.    Kent.  17175. 

\*ririnble-spoed    transmission    goal'    for    Suit  pmpelled  vehicles. 

HicliarcUrjn.    17/)  (J  7. 
Means  for  actuating    niechaiiical    stokers    for    boiler  furnaces. 

Petersen.  17525. 
Carburotters  for  internal  f{)inbnstioii  engines,    (iivinor.  17902. 
Macliinc!  y  tor  thr  man n i  ;u-t  mv  oi'  tin  tenie  and  like  coattHl  metal 

plates.    Kichard  Thomas  &  Co"  and  Lewis.  18783. 
Notary  iiR-chanisms  for  the  transmission  of   po、ver    at  variable 

speeds.    Hunt.  19904. 


JJoiler  tube  cleaners.    Thonij)srni .    2(Y277 . 

Shaft  couplings.    Soc.  Anon,  des  Automobilt^  I'nic.  '2'Jo2(). 

Tacliometers.  Hoeft. 

Process    of    heating    electrical    t'urnaoes.       Soc.    Genera  le  des 

Nitrures.  24347. 
l^ailu  ay  rail  joints.    IkMnhart.  24921. 

Two-stroke-cycle  explosion   engines    and    ； lii     conij)rcssors    ； nid 

exhausters.    Hardy.  25683. 
Apparatus  for  measuriit^  tho  vcloritv  of  How  r>t  gas'>s  and  vapour^ 

Morris.  25923. 

o  stage  compression  pumps  tor  air.  ov  like  i\w\ds      II  ill 

and  Hill.  26861. 
Pistons  for  explosion  engines.    Spring.    L'Sl  17. 
Coke  ovens.    Geb.  Hinsolmann .  2i)()fi(J. 
Tube  sera  pel's.  Kestucci. 
Coal  conveyers.    Barmc.  kJ!)o0o. 


1914- 


ltt'l'l 


roinlnislH)!!  L'Ugnie:-. 


Starting   and    ignition  .sy.stcnis 

Varley.  119. 
N ut  locks.    CUu^noy.  177. 

Means  for  suppressing  explosion.s  in  miiR's  l»y  tlio  'isl'  oi  non 
combustible  dust.    Crenier.  14"3. 

ELECTRICAL,  1913. 

Field  magnets.    Rolfe.  1222. 

Telephone  exchange  systems.    Corwin.  8831. 

Arc  lamps.    Bryen,  Golding.  A*  IVarc,'.  8908. 

Brush  holders  of  dynamos.    White  &  Bacon.    5 )0! )  I . 

Cut-outs.    Dow nes  &  Venning.  9100. 

Enclosed  electric  switches.    Hope  &  Thomas.    92 1 2 

Variable-speed  dynamos.    Hunt  &  Sandycroft,  Ltd.  9200. 

Alternating  current  dynamos.    Hunt  A:  Sandycroft.  Ltd.    ！ Wl. 

Electrically-operated  drill  of  the  percussion  tyj)e.    Wall.  tJSit.'i. 

Generators  for  hiy;h  irecjueiu-y  currents.    Girardeau.  128"". 

Elect ricnl  driving  of  reciprocating  "i;i('liin''rv.    British  'I'lionisoii 

Houston  Company,  and  Brown.  14049. 
Circuit  arrangements  for  automatic  and  semi  automatic  tt'k'plioiie 

systems.    Siemens  (、-  Halslve  Akt.- Ges.  1J487. 
Electric    transformers.      British     Thomson  Houston  Compaiiv. 

186"3. 

Kk'ctric  caiulle  lamp.    Garde.  '24130. 

D'ipkx  and  like  telegraphy.    Eastern  Telegraph  Compaiiv,  and 

\l\An.  25591. 
Kaclio  telegraph  stations.    Mellersh- Jackson.  2717G. 
Circuit  arrangements  for  telephone  systems.    Sieii'en^  A:  Halbke 

Akt.-Ges.  29049. 
Method  of  protecting  the  elect  rod  o.s    in   electric    art-  furnaces. 

13ron u  iSc  Schennnaini.  29259. 

1914 

Circuit  a rrangeinonts  for  telephone  svsteni^.    Siemens  tV-  Halske 
Akt.Ges.  1792. 

Snspeii-sion  and  tension  arran^oineiits  for  ek'ctrk  trolley  "ires. 

Sioniciis  Schnckortw erke  Ges.  4523. 
J^lectric  regulating  switches.    Miller  tV:  Bootlunan.  5505. 


METAL  QUOTATIONS. 

TUESDAY.  MAY  5th. 

Aluniiniuin  ingot   86/-  per  cwt. 

，,         wire,  according  to  sizes,  &c  from  107/4  ，， 

"         sheets        "  ，，  ......   ，，  112/-  " 

Antimony  £27/10/-  to  £29/-/-  per  ton. 

Brass,  rolled   TJd.  per  lb. 

，， tubes  (brazed)    9gd.  ，， 

，，       ，，    (solid  drawn)   7Jd. 

，，       " wire   7Jd.  ，， 

Co}>por,  Staiulard   £(53/10/-  per  ton. 

Iron,  Cleveland   51/4J  " 

，， Scotch   57/4^  ，， 

Lead,  English    £18/17/G  " 

，， Foreign  (soft)   £18/7/0  ，， 

^lica  (in  original  cases),  small    fid.  lo  :!/ 一  per  lb. 

,，  ，，  ，，       medium    to  0/-  ，. 

,，  "  ，，       large    7/0  to  11/- " 

(Quicksilver    £7/-/-  per  bottle. 

Silver   27^d.  per  oz. 

Spelter    £2】/7/(5per  tt"i. 

Tin,  block   £150/10/-  per  ton. 

Tin  plates,  l.C   12/7.',  per  box. 

Zinc  sheets  (Sile^ian)    £24/15/—  per  tun. 

，，         (Stettin  ；  Vieille  Montagne)   £25/2/0  ,, 
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Steam,    Highest    Pressures,    Oil  Pumping, 
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The  "  PERFECT"  VISE 


Dept.       J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 


For 
HIGH 
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For 
LOW 

Pressures 
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Smoke  Abatement. 

It  may  he  remembered  that  last  March  a  Smoke  Abatement 
Bill,  introduced  by  Lord  Newton,  was  withdrawn  011  the 
understanding  that  the  Government  would  shortly  appoint 
a  special  departmental  committee  to  enquire  into  the  whole 
question  of  smoke  abatement.  This  promise  lias  now  been 
fulfilled,  and  a  committee  appointed  by  the  President  of  the 
Local  Government  Board,  "to  enquire  into  the  state  of  the 
law  regarding  the  pollution  of  the  air  by  smoke,  and  to  con- 
sider what  steps  should  be  taken  to  amend  it."  Particulars 
of  the  constitution  of  the  committee  will  be  found  on  another 
page.  It  is  always  easy  to  criticise  the  constitution  of  com- 
mittees, and  difficult,  perhaps,  to  please  everyone  witliout 
making  them  unduly  large  ；  but  we  cannot  help  feeling  some 
surprise  that,  as  the  whole  question  is  intimately  related  to 
boiler  construction  and  working,  the  committee  does  not  in- 
clude any  engineer  closely  associated  with  this  field  of  engi- 
neering. The  causes  of  smoke,  whether  from  boiler  or  domes- 
tic chimneys,  and  the  means  of  preventing  it,  are  well  known 
to  all  engineers  wlio  have  studied  the  question,  and  have 
been  described  in  these  colunms  on  many  occasions.  The 
outside  public,  unfortunately,  are  not  engineers,  aful  tlie 
daily  newspapers  who  often  mould  its  opinions  have1  pub- 
lished a  good  deal  of  sentimental  nonsense  in  tliscussing  the 
question,  with  the  result  that  erroneous  views  have  been 
created.  A  few  years  ago  the  outcry  was  entirely  against 
the  chimneys  of  nianufacturers,  who  were  su pposed  to  be  the 
sole  authors  of  the  smoky  atmosphere  of  towns,  and  who  were 
roundly  abused,  not  only  for  polluting  the  air,  but  of  being 
recklessly  extravagant  by  pou ring  out  of  their  chimnevs 
iinineasurahle  (juantities  of  unhu rut  oa rbon.  It  is  unneces- 
sary to  discuss  this  fallacy,  but  aj>art  from  it  careful  investiga- 
tion has  proved  that  the  effluent  from  domestic  chimneys  is 
一 more  deleterious  to  town  atmospheres,  as  a  rule,  than  that 
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from  factory  chiinneys,  aiul  (hat  no  solution  of  question 
r;m  l»c  satisfactory  that  does  not  t<ik(、  doniosiK.'  clumneys  into 
account.  That  a  si!ioky  mill  chininey  is  objectionable  ami 
mav  he  a.  nuisance  which  loiullv  calls  t.m'  al)ateinent  every- 
one will  admit.  To  emphasize  this  fact  does  not  need  an 
accusation  of  extravagance,  which,  moreover,  falls  ilat 
if  the  manufacturer  knows  better,  ； is  lio  o t'teti  does.  It  should 
be  clearly  recognised  that  a  smoky  boiler  cliimney  does  not 
necessarily  mean  wasteful  uiid  extravagant  use  of  fuel. 
Indeed,  the  question  of  smoke  emission  from  boilor  Funiact's 
is  rendered  a  delicate  one  owing  to  the  fact  that  an  efRcieni 
furnace  is  one  that  is  always  bordering  very  closely  on  the 
sinoke-produciug  line,  and  may  easily  be  forced  ever  it  !>)'  i\ 
little  carelessness,  or  neglect,  or  alterations  in  the  、vcn'king 
conditions,  over  which  the  user  has  little  control  ；  and  unless 
a  reasonable  latitude  is  allowed  prosecutions  for  tlie  emission 
of  smoke  may  easily  degenerate  into  persecutions.  The  town 
of  Bradford  has  been  instanced  by  Diisguided  enthusiasts  as 
a  model  of  the  extent  to  which  a  nmnicipal  authority  may,  by 
stringent  regulations,  control  ^inoke  emission  front  factory 
chimneys,  but  we  doubt  if  Bradford  can  (； omp;u't、  in  this 
respect  with  many  similar  liianufafturing  towns  in  Lanca- 
shire and  Yorkshire,  where  regulations  are  less  severe  ；  and  wc 
do  know  that  the  millowners  of  Jiradford  have  】>eeu  subject 
to  a  great  deal  of  unnecessary  harass  and  expense.  The 
complaint  of  extravagance  levelled  against  boilor  furuaces 
could  with  much  greater  reason  be  directed  against  house 
chimneys.  Indeed,  if  coal  were  burnt  in  the  domestic  grate 
with  anything  like  the  degree  of  economy  in  boiler 
furnaces  the  saving  effected  would  ca:ily  eclipse  the  fabulous 
estimates  of  smoke  enthusiasts  regarding  manufacturing 
wastes.  Another  serious  count  against  domestic  chimneys  i  n 
any  consideration  of  the  smoke  nuisance  is  that  they  contri- 
bute from  40  to  60  per  cent,  of  it,  and  sometimes  mm，e，  for 
it  is  easy  to  see  that  with  a  high  mill  chimney  the  s n i u k e 
may  be  carried  to  a  considerable  distance,  and  a  neighbour 
ing  district  suffer  more  than  that  in  which  the  chimney  is 
located.  To  make  smoke-preventiou  regulations  effective  it 
is  necessary  in  the  first  place  to  secure  a  greater  degree  of 
co-ordinate  action  iu  regard  to  neighbouring  localities  than 
now  exists  ；  secondly,  manufacturers  should  be  protected 
from  undue  harass  by  frivolous  prosecutions  for  slight 
offences  when  it  can  be  shown  that  the  exigencies  of  manufac- 
ture make  it  difficult  to  maintain  uniform  conditions  of  fur- 
nace working.  In  saying  this  we  do  not  hold  a  brie-f  for  the 
emission  of  smoke  from  steam  boilers.  As  a  general  rule  it' 
can  be，  and  ought  to  be,  prevented,  especially  with  the  high 
degree  of  efficiency  which  mechanical  stokers  have  now 
attained  ；  but  it  should  be  remembered  that  even  the  best 
li'echanical  appliances  require  superintendence,  and  from 
accidental  cause:;  occasionally  fail  to  perform  their  duty,  and 
if  this  possibility  is  not  recognised  and  allowed  for  injustice 
may  be  easily  inflicted.  Where  smoke  emission  is  fairly  con- 
stant it  is  safer  to  assume  that  the  source  of  the  trouble  is 
inadequate  boiler  power  rather  than  extravagant  working  of 
the  furnaces,  and  the  only  satisfactory  remedy,  in  the  majority 
of  cases,  is  additional  boiler  j>lant  or.  in  other  words,  addi- 
tional expenditure.  As  a  rule  the  delinquent  knows  this  and 
prefers  to  pay  occasional  fines  rather  than  go  to  the  root  of 
the  trouble,  as  he  should  be  compelled  to  do,  when  a  clear  case 
is  proved  against  】iim.  The  problem  of  the  domestic  chim- 
ney is  more  difficult  tlian  the  manufacturing  one.  There  are 
such  a  multitude  of  offenders,  and  no  remedy  can  be  elec- 
tive unless  it  is  applied  on  a  large  scale.  Only  two  satisfac- 
tory ones  are  capable  of  practical  applicatiuii.   One  is  the  use 


of  a  fuel  from  which  some  of  the  more  volatile  elements  of 
hit uminous  coal  have  been  abstracted  and  yet  sufficient  left 
to  secure  easy  ignition  and  smokeless  burning  in  the  ordina ry 
domestic  fireplace.  The  other,  the  supply  of  town  gas  at  the 
cheapest  possible  rate,  to  ensure  its  wider  use  for  domestic 
purposes.  It  is  useless  for  local  authorities  to  rail  against 
manufacturers,  and  at  the  same  time  to  limit  the  use  of 
gaseous  fuel  by  charging  excessive  prices  witli  a  view  to  a 
inisleading  relief  of  rates  when  it  is  really  only  a  case  ut 
1 1  roltljing  Peter  to  pay  Paul.' ' 


IKON  AND  STEEL  INSTITUTE., 

The  annual  general  meeting  of  the  Iron  and  Steel  j n^titule 
was  held  on  the  7th  inst in  the  House  of  tlie  Institution  ol' 
Civil  Engineers.  After  the  formal  business  of  the  meeting, 
the  chair  was  taken  by  the  newly  elected  president,  Dr. 
Adolphe  Greiner,  of  Belgium,  who  presented  the  Bessemer 
gold  medal  for  1914  to  Mr.  Edward  Kiley,  and  then  delivered 
liis  inaugural  address,  which  dealt  with  "  By-products  in  the 
Manufacture  of  Steel."  Following  this  a  number  of  papers 
were  read  and  discussed.  On  the  following  clay,  the  meeting 
was  resumed  in  tlie  Lecture  Theatre  of  the  Institution  of 
Civil  Engineers.  The  president,  M.  Aclolphe  Greiner, 
announced  that  the  Carnegie  gold  medal  had  been  awarded 
by  the  unanimous  vote  of  the  Council  to  Dr.  Thomas  Swinden, 
of  Sheffield.  Dr.  Swinclen  received  his  metallurgical  training 
innler  Dr.  Arnold  at  Sheffield  University,  where  he  achieved 
high  distinction,  having  graduated  in  1909  as  Master  of 
Metallurgy,  and  in  1913  as  Doctor  of  Metallurgy.  In  1905 
the  Commissioners  of  the  1851  Exhibition  awarded  him  a 
bursary  for  research,  and  in  the  next  year  he  obtained  the 
full  scholarship,  which  enabled  him  to  attend  the  Universities 
of  Stockholm  and  Upsala,  and  to  pursue  practical  studies  at 
Swedish  ironworks.  In  1909,  the  Council  awarded  him  a 
Carnegie  research  scholarship,  and  the  Institute  had  to  thauk 
him  for  the  results  of  liis  valuable  researches  on  molybdenum 
steels.  Two  memoirs  on  this  subject  had  been  presented  by 
liini,  and  had  been  published  by  the  Institute.  It  afforded 
liioi  very  great  pleasure  to  present  to  Dr.  Swinclen  the  Car- 
negie gold  medal,  and  he  asked  him  to  accept  his  congratu- 
lations upon  the  success  with  which  his  labours  had  been 
rewarded.  The  president  then  announced  that  the  Andrew 
Carnegie  scholarships  for  1914  had  been  awarded  to  Mr. 
II.  B.  Cronshaw,  of  Cambridge,  £100  to  carry  out  researches 
on  refractory  materials  ；  Mr.  J.  W.  Donaldson,  of  Mother- 
well, £100  for  the  purpose  of  carrying  out  researches  iu  the 
ynses  included  in  various  steels  ；  Mr.  R.  S.  G.  Kniglit,  of 
London,  £100  to  investigate  fuel  applications,  transmission  of 
heat,  and  heat  balances  in  furnace  operations  generally  ；  Mr. 
F.  C.  A.  H.  Lantsberry,  of  Birmingham,  £100  to  carry  out 
research  on  the  heat  treatment  of  alloy  steels  ；  Mr.  C.  Chap- 
pell,  of  Sheffield,  £100  to  investigate  the  hot  working  of  iron 
and  steel  at  the  Royal  Technical  College,  Acheii,  Germany  ； 
Mr.  A.  Sander,  of  Karlsruhe,  £100  to  investigate  the  Feld 
process  for  the  production  of  sulphate  of  ammonia  in  coke- 
oven  gases  ；  and  Mr  H.  M.  Boylston,  of  America,  £100  to 
carry  out  a  research  on  the  relative  merits  of  various  agents 
for  the  cleoxiclation  of  steel. 


Institution  of  Naval  Architects. ― The  Council  have  accepted 
an  invitation  to  hold  a  yum  me  r  meeting  in  Newcastle-on-Tyne, 
which  has  been  extended  to  the  Institution  by  the  President 
and  Council  of  the  North-east  Coast  Institution  of  Engineers 
and  Shipbuilders.  Meetings  for  the  reading  of  papers  will  be 
held,  and  arrangements  will  be  made  to  visit  some  of  the 
principal  works  in  Newcastle  and  its  vicinity. 

Serious  Crane  Accident. ―  An  accident  of  a  serious  character 
occurreil  on  the  8th  inst.,  in  the  shipbuilding  yard  of  Messrs. 
J  ohn  Brown  A:  C1o.,  Ltd.  It  apjiears  that  a  he  a  vv  plate  was 
being  lifted  in  the  platers'  shed  by  means  of  a  crane  when  the 
" sling  "  which  held  it  suddenly  snapped,  the  plate  crashing 
clown  to  tlie  floor,  where  five  men  were  working.  The  men 
were  all  struck  about  the  legs  and  feet.  One  sustained  a  <.oin- 
pound  fracture  of  the  left  leg  ；  while  another  received  fom- 
|)uund  fractures  of  the  foot. 
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HIGH-POWER  DIESEL  ENGINES:  THEIR  DEVELOPMENT  FOR 
MARINE  SERVICE.* 

liY  JAMKS  HICHAHUSON',  Ii.SC,  A.M.INST.C.E. 

(f  1ontin  iu(I  fro ///  p<i<jc  ./-J/ .) 

f  ''////〃/'  /•、'  and  ( '<(sf  Iron. —— Those  parts  which  are  sub- 
ject to  both  temperature  and  pressure  stresses  nanu»] v,  the 
cyJinder,  cylinder  head,  and  piston -— form  prol)al)ly  the  heart 
of  the  problem  associated  with  the  development  of  hi'/li 
powered  Diesel  engines.  Not  only  is  it  a  question  of  design, 
but  more  largely  one  of  a  suitablo  choice  of  materials, 
depending  upon  found ry  practice  and  metallurgical  r(>st';u('li. 


Ftg.2S 


37). 


vo  pieces  (Figs.  28  and  2{J).  Cylinder  and 
-， two  pieces  (Figs.  ,'i(J  and  31).  (4)  Cylinder. 
r，  three  pieces  (Figs.  32  to  35).  (5)  Cvlnuh-r 
le,  two,  or  three  pieces ― Junkers  (Figs.  36  and 


Under  each  of  tliese  headings  great  variation"  a  re  a^ain 
to  be  found.  Before  considerijig  tin*  r.-lat  ivc  mi*-i  its  ol'  these 
systems,  it»  is  well  to  discuss  t It*-  、。<'sses  to  be  withstood  by 
the  parts.  Firstly  rni^ht  he  cited  •  the  casting  strenses : 
secondly,  those  due  to  the  temperature  differences  in  tlio 
various  parts,  i.('.，  that  of  the  conibustion  in  the  cylinder,  the 
oxliaust  gases  in  their  passages,  and  tlie  cooling  water  in  its 
spaces  ；  thirdly,  the  pressure  stresses  bearing  throughout  the 


1-  um. 

An  inspection  of  the  various  methods  of  attack  of  the  prol)k>m 
of  the  design  of  tliese  parts  suggests  at  once  to  the  observer 
that  the  solution  is  still  distant,  since  nearly  every  maker'of 
repute  adopts  an  entirely  cliirerent  means  to  overcome  tliese 
difficulties. 、 

Figs.  28  to  38  show  that  the  methods  for  the  constnu-tioi: 
of  the  cylinder  and  head  may  be  classilied  in  the  following 
manner :  (1)  Cylinder  and  he;i<l  in  one  piece.    (2)  Cyliiulor 

•  V» per  road  before  the  Junior  Institution  of  Kutiiuccrs,  April  -JUtli .  1911. 


cycle  ；  and,  finally,  any  tension  stresses  due  to  tlie  j»i>ton 
load  being  carried  through  the  cylinder  where  through  bolts 
to  the  cylinder  head  are  not  provided.  Tliese,  taken  col- 
lectively, make  a  formidable  group.  Of  these,  the  second 
stress,  i.e.,  that  of  temperature  difference,  is  by  far  the  most 
i!iij)ortant,  and  for  brevity  the  designs  may  be  considered 
with  reference  to  this  alone. 

That  ill  Class  1，  which  is  suitable  for  small  eiigines.  ；' ivt'、 
iininunity  from  trouble  caused  hy  leakage  at  joints,  unequal 
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Vm.  II.— Etchkd.    Mag.  165.  Fig.  42— Etc 

possible  with  port  scavenging ― and  serves  to  enclose  the 
cooling  water.  By  this  means  the  head  is  greatly  simplified, 
the  head-cooling  space  is  easily  accessible  for  cleaning  or  for 
the  insertion  of  coils  or  other  cooling  apparatus,  and  the  form 
serves  to  give  a  lower  engine  and  tlie  maximum  efficiency  in 
the  cooling  of  the  combustion  space.  With  this  type  of  head, 
it  is  also  seen  that  the  objection  wliich  may  be  raised  to  the 
clump  of  metal  where  the  liner  is  pressed  into  the  cylinder  is 
not  valid.  Suitable  provision  is  made  to  accommodate  the 
valves"  and  to  preclude  the  possibility  of  leakage  of  the  cylin- 
der contents  into  the  cooling-water  space.  An  advantage  of 
this  group  (4)  is  that  to  each  part  can  be  assigned  the 


>. Mag.  33.  Fig.  43.— Ukktched.   IViag.  33. 

at  the  bottom  of  the  cylinder  no  difficulty  arises  from 
deposited  salts,  because  they  readily  find  an  outlet  through 
this  valve.  The  amount  of  water  consumed  is  about  2'41bs. 
per  brake  horse-power  hour. 

In  considering  the  application  of  the  Hopkinson  method 
of  cooling  to  vertical  two-stroke  high-power  marine  engines, 
the  following  difficulties  may  be  expected  to  arise,  and  may 
be  explained  with  reference  to  Fig.  40  :  (1)  Distilled  water 
would  be  used,  and  the  production  of  a  sufficient  quantity  is 
costly,  requiring  also  cumbersome  apparatus.  Vse  would  be 
made,  no  doubt,  of  an  exhaust  boiler.    (2)  With  the  Diesel 

*  Proc.  Inst.  Mculiaiiical  Engineers,  July,  19】3， 


material  most  suitable  for  tlie  i'uiictions  to  be  performed,  and 
the  liner  can  be  of  the  very  best  liner  iron ― harder  than 
would  be  possible  with  an  integral  casting  of  cylinder  and 
liner  in  one  piece. 

The  Hopkinson  method  of,  internal  water-cooling"^  is 
worthy  of  consideration,  effecting,  as  it  does,  simplicity  of 
cylinder,  cylinder  head,  a n d  piston  castings.  So  far  this 
method  has  been  applied  only  to  horizontal  gas  engines,  and, 
briefly  stated,  consists  of  cooling  the  walls  of  the  combustion 
space —— in  lieu  of  external  water  jackets  and  tlieir  complica- 
tions― by  the  impingement  of  jets  of  water,  this  water  being 


from  Ptjrnp 
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evaporated  on  the  surfaces  to  be  cooied,  and  so  preventing  the 
heat  from  passing  through  those  walls.  The  supply  of  water 
is  arranged  so  that  all  of  it  is  evaporated  into  steam  on  reach- 
ing the  surfaces.  The  steam  so  generated  will  form  a  source 
of  power  usually  given  to  the  cooling  water  in  raising  its  tem- 
perature, and  on  this  account  the  efficiency  should  be  in- 
creased. On  the  other  hand,  the  water  may  take  some  heat 
from  the  flame,  retarding  combustion  and  lowering  the  effi- 
ciency. Actual  test  results  show  that  the  efficiency  remains 
the  same  as  with  water  jackets,  or,  in  other  words,  the  ex- 
pected gain  in  efficiency  due  to  the  water  evaporation  in  cool- 
ing the  surfaces  is  counterbalanced  by  the  drop  in  maximum 
pressure.    In  horizontal  engines  where  the  exhaust  valves  are 


expansions,  and  provides  well  for  the  passing  of  tlie  heat  of 
combustion  into  the  cooling  water.  This  application  to 
cylinders  of  large  diameter  is  impracticable  on  account  of  the 
obvious  difficulties  connected  with  dismantling,  inspection, 
and  casting,  and  the  cost  of  renewal.  Those  in  Group  2 
(Figs.  28  and  29)  have  considerable  advantage,  but,  as  with 
I  !n^e  in  Group  4  and  the  normal  design  of  head,  the  cooling 
of  the  combustion  space  is  not  well  provided  for.  With  large 
cylinders  the  difference  of  expansion  between  the  inner  and 
outer  walls  in  Group  2  might  cause  trouble.  To  overcome 
this  one  difficulty  of  cooling  the  combustion  space,  some 
designers  have  a&opted  the  type  of  construction  shown  in 
Group  3  (Figs.  30  and  31)，  which  has  few  other  merits.  The 


construction  shown  in  Group  4  (Figs.  32  to  35),  with  a  suit- 
able design  of  head,  will  probably  be  that  of  the  future,  and 
to  this  further  reference  will  be  made  presently.  Regarding 
Group  5  (Figs.  36  and  37),  many  advantages  are  claimed. 
Construction  of  this  type  relieves  the  cylinder  sir  acture  of  all 
tension  stresses,  as,  of  course,  may  be  the  case  with  all  the 
other  groups  by  adopting  through  bolts.  Fig.  38  shows  two 
views  of  a  double-acting  cylinder,  and  indicates  the  further 
difficulties  of  design  to  be  anticipated  with  engines  of  this 
type  when  valve  scavenging  is  adopted. 

In  order  to  realise  the  advantages  of  the  construction  in 
Group  4,  the  question  of  the  type  of  head  must  be  examined, 
and  that  shown  in  Fig.  39  is  proposed  by  the  author.  In 
this  design  a  steel  plate  takes  the  piston  load,  and  either 
a  dished-out  forged-steel  or  a  cast-iron  element  accommo- 
dates the  valves — preferably  of  minimum  number,  such  as  is 
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engine,  the  higli  compression  iieressitaU's  a  small  clear;! ih-c  or 
ootiinressioii  volume,  so  that  tlie  form  of  tiie  combust io" 
space  does  not  lend  itself  to  jet  cooling.  Several  jets  would 
probal)ly  be  necessary.  (3)  As  the  heat  of  coinbusf  ion  is 
relied  upon  entirely  to  ignite  the  fuel,  it  nii^ht  not  be  ad- 
visable to  inject  the  water  into  the  coni))ressioii  space  until 
the  fuel  had  been  ignited,  although  the  lii^lior  icinporatiires 
all  over  at  which  the  engine  would  run  might  negative  this 
condition.  (4)  In  any  case,  the  head  of  the  engine  must  l>e 
water-cooled,  owing  to  the  difficulty  of  causing  the  water  jet 
to  j)Iay  on  that  surface,  and  because  of  the  difficulty  of  cool- 
ing the  fuel-injection  valve  without  a  water  jacket.  (5)  In 
any  case,  the  exhaust  port  bars  would  require  to  be  water- 
cooled. 

The  arrangement  to  be  tried  would  probably  take  the  form 
as  shown  iu  Fig.  40,  with  two  or  more  water  sprayers  for 


Hy  growtli  is  meant  tlif;  (I«*tori<>rati<jn  the  .、tru''tur<-  o! 
the  metal,  due  to  ilie  rapid  aii(J  lar^i;  flurtiiat" 川 s  of  t<Mii|)cra 
ture  to  which  it  is  exposed.  Tli"  greater  tlie  tciisiic  、t '  li, 
the  thinner  the  wall  required,  and  so  the  greater  the  trans- 
mission of  lieat  from  tlie  coniixistion  space  to  the  cooling 
water.  The  greater  tlie  liardness  compatible  witli  niarliiniiig 
the  less  the  wear,  and  tlio  smaller  the  allowaiif-o  re(|i"rx'd 
therefor  ；  combined  with  these,  tlie  iron  will  Iiave  a  liigli 
transverse  figure  and  good  sliork  resisting  propprtieH. 

Research  regarding  growth  of  iron  of  the  f|ii;ilities 
demanded  by  this  work  is,  so  far,  incondusive,  htit  it  <-m\  h*» 
stated,  as  a  result  of  experiments  carried  out  l>y  authr>rit i*-^ 
and  by  the  author,  that  tin;  iron  slmiil'i  he  a  "。■'•、•  iron,  t>\ 
wliicli  the  combined  and  graphitic  carbons  together  exceed 
3  per  cent.,  roughly  in  tlie  proportion  of  0'5  cornhiiied  to  2  5 
graphitic  carbon.    Tn  particular,  this  grapliil ic  f-arlton  should 
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Main  Engines. 


8oavfcn«in«  Putnp. 


Type  ot  Engine. 


Stepped  I'iston 


Diani 

of 
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better  distribution.  The  piston  rings  and  the  rubbing  sur- 
faces would  be  kept  as  far  as  possible  from  the  cylinder  head 
to  increase  the  cooling  effect.  Further,  the  cylinder  might 
be  ribbed  to  facilitate  radiation,  and  the  piston  crown  cen- 
trally supported  to  minimise  thickness  and  increase  conduc- 
tion to  the  crank  case , 

C i/luuler  Head  and  Liner  Mafi  fiafs. ― The  (question  of  the 
most  suitable  material  for  the  head,  cylinder,  or  cylinder  liner 
and  piston  is  a  point  regarding  which  no  information  has  so 
far  been  published.  Cast  iron  is  now'  almost  universally 
adopted  for  all  these  parts  ；  cast  steel  has  proved  unsuccessful 
for  cylinder  heads,  pistons,  and  liners,  due  to  its  coefficients 
of  expansion  and  modulus  of  elasticity  differing  from  tlu^e 
of  cast  iron.  The  conditions  to  be  satisfied  are,  primarily  ： 
(1)  Resistance  to  growth.  (2)  High  tensile  strength.  (3) 
Hardness.  (4)  Shock-resisting  properties.  (5)  Machining 
qualities. 


be  of  a  close,  small,  and  eveu  structure,  which  niake>,  a， 
explained  later,  for  a  reduction  of  growth. 

Growth  proper  is  increased  by  an  open  graphitic  structure, 
permitting  of  tlie  ingress  of  the  high-temperat  ire  gases  into 
the  inner  meshwork  of  the  iron,  and  attacking  probablv  tlu» 
silicon,  forming  some  combination  of  oxides  of  silicon.  The 
ground-work  should  he  pea rlite,  as  shown  in  Fig.  A 1 ,  hih! 
the  phosphides  should  not  in  any  way  segregate,  but  should 
be  evenly  distributed,  as  shown  in  Fig.  42.  As  already  stated, 
tlie  silicon  is  to  some  extent  contributory  to  the  growth,  whilst 
a  certain  percentage  is  necessary  to  ensure  good  inachiiiery. 
This  should  be  balanced  by  a  suitable  proportion  of  man- 
ganese, the  ratio  of  manganese  to  silicon  bein^  not  less  than 
1  to  1*4  ；  in  some  cases  1  to  0*66  is  attained.  The  effect  of  tlie 
manganese  would  seem  to  be  to  close  tin*  <:rain  ot*  tlie  metal 
and  so  prevent  tlie  gases  attacking  tlie  silicon.  Tlie  phos- 
phorus should  be  kept  ay  low  as  is  compatible  witli  a  good 
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running  iron,  and  the  sulphur  to  a  fair  inininnun.  The  effect 
of  growth,  as  shown  by  micro-photographs,  is  illustrated  in 
Fig.  43,  where  the  effect  of  the  graphitic  carbon,  in  permit- 
ting of  the  ingress  of  the  gases  and  the  widening  out  and 
splitting  of  the  graphitic  carbon,  is  well  shown. 

Table  IV —a  Grmrth  "  〃/  Inm. 


Iron. 

腐 io  of 厘了贿 
Silicon 

Incn'jisr  in 
Weight  per 
cent,  after  24 
lieatings  of 
4  hours  at 
900°  C. 

Increase  in 
Weiyht,  iH-r 
cent,  after  43 
heatings  of 
4  hours  at 
900。  C. 

Increase  in 
Volume  per 
cent,  after  43 
lieatings  of 
4  hours  at 
900°  0. 

A 

1-238 

1-790 

2-822 

123 

B 

1-468 

2- 185 

3-068 

1G-8 

C 

1-530 

0-888 

1.830 

9-2 

D 

1-19 

2-321 

3-682 

16-4 

E 

1-393 

0-770 

1-887 

93 

F 

Special  Iron 

0-245 

0'柳 

1-7 

The  composition  of  the  irons  above,  A ― E，  is  as  follows  :  Combined 
carbon,  0  -  6  to  0*  68  per  cent.  ；  graphitic  carbon,  2-4  to  3  per  cent.  ；  sulphur, 
0-05  to  0-07  per  cent.  ；  phosphorus,  0-8  to  1-0  per  cent. 


The  actual  volumetric  and  weight  increase  of  several  irons, 
and  of  an  iron  prescribed  by  the  author,  are  shown  in  Table 


Fig.  44 —  Etched.   Mag.  33. 


IV.  The  structure  of  the  last-mentioned  iron  (F)  is  illus- 
trated in  Fig.  44,  and  is,  as  far  as  is  known,  unique,  showing 
a  much  closer  meshwork  than  hitherto.  The  tensile  strength 
is  above  20  tons  per  square  inch,  the  hardness  and  the  shock- 
resisting  properties  are  ample,  whilst,  as  will  be  seen,  the 
growth  has  been  reduced  to  a  minimum.  The  running  pro- 
perties are  exceptional,  and  by  means  of  these  properties 
many  of  the  difficulties  associated  with  cylinders  of  the  largest 
dimensions  may,  it  is  hoped,  be  solved,  in  that  not  only  is  the 
iron  particularly  immune  from  growth,  but,  on  account  of  its 
high  tensile  and  shock-resisting  properties,  the  thickness  for 
any  given  pressure  is  reduced,  and  the  transference  of  heat 
from  the  combustion  space  to  the  cooling  water  greatly 
facilitated.  However  carefully  and  well  the  mixture  of  the 
iron  may  be  specified  as  regards  chemical  composition,  great 
care  is  required  in  the  buying  of  the  pig  in  order  to  give  the 
desired  results,  and  it  is  absolutely  necessary  that  a  cupola 
be  set  aside  to  cast  this  one  mixture  only.  Foundry  methods 
generally  in  this  country  do  not  lend  themselves  to  an  exact 
regulation  of  the  iron. 

Scavenging, — One  of  the  most  open  questions  at  the  pre- 
sent day  is  the  best  method  to  be  adopted  for  scavenging  the 
cylinder,  and  in  Table  V.  particulars  are  given  of  engines  in 
which  the  scavenging  is  effected  :  (")  By  means  of  oue  valve 
in  the  cylinder  head  ；  (b)  two  valves  in  the  cylinder  head  ；  (c) 
four  valves  in  the  cylinder  head  ；  (d)  one  valve  and  the  single- 
port  method  ；  (e)  the  single-port  method  ；  (/)  the  double-port 
method.  - 

The  revolutions  of  the  engine  and  the  type  of  valves 
adopted  for  the  scavenging  pump  are  stated,  so  that  in  com- 
paring the  relative  sizes  of  pumps  an  idea  may  be  formed  of 
the  efficiency  of  those  pumps.  For  large  engines  of  the  future 
the  methods  likely  to  prove  most  advantageous  are  those  of : 
(Jj)  Two  valves  ；  (c)  four  valves  ；  or  (/)  the  double-port  system. 


The  one-valve  method  does  not  lend  itself  to  the  most 
efficient  scavenging  and  to  the  attainment  of  the  highest  mean 
effective  pressures  ；  similarly  witli  the  single-port  method  ； 
whereas  the  four  valves  in  the  cylinder  head  undoubtedly 
make  for  an  undesirable  complication,  not  only  in  tlie 
cylinder-head  casting,  but  with  the  driving  gear  for  the 
valves,  so  that  the  two  valves  and  the  double-port  scavenging 
systems  would  seem  the  most  suitable. 

As  already  mentioned,  the  double-port  syste'n  of  scaveng- 
ing lends  itself  to  the  augmentation  of  mean  effective  pres- 
sure, to  the  simplification  of  the  cylinder  head,  and  also  of 
the  valve  gear.  As  to  the  capacity  of  the  pumps,  great  lati- 
tude, naturally,  is  possible,  since  the  variables  are  as 
follows :  (a)  Area  of  scavenging  air  inlet  to  main  cylinder  ： 
(b)  time  of  opening  for  scavenging  air  to  main  cylinder  ；  (r) 
pressure  of  scavenging  air  desired  ；  (d)  size  of  exhaust  ports 
and  back  pressure  of  exhaust. 

It  will  be  seen  that  for  two  valves  the  ratio  of  about  1*5 
is  the  mean,  and  for  double-port  scavenging  1*75.  The  new- 
ness of  this  last  method  accounts  probably  for  the  higli  figure, 
and  with  greater  confidence  1'6  to  1*65  will  probably  be  found 
ample. 

(To  be  continued.) 


ARRANGEMENT  OF  SUPERHEATER  FOR  WATER-TUBE 
BOILERS. 

We  illustrate  herewith  an  arrangement  of  superheater 
applied  to  a  Stirling  boiler,  in  which  the  damper  serving  to 
regulate  the  passage  of  the  gases  is  little  likely  to  be  damaged 
by  heat,  and  in  which  the  superheater  tubes,  when  steam  is 
not  passing  through  tliem，  are  not  subjected  to  much  radiant 
heat.  The  U-shaped  superheater  A  is  disposed  between  the 
second  bank  and  the  rear  bank  of  boiler  tubes,  being  shown 
enclosed  on  three  sides  by  baffles,  one  of  which,  B,  extends 
along  the  rear  side  of  the  second  bank  to  the  upper  end 
thereof,  and  the  other  baffle  C  is  arranged  behind  the  tubes  of 
the  superheater.  By  a  deflecting  damper  D，  hinged  to  baffle 
C，  and  adapted  to  be  moved  into  the  position  shown  in  dotted 


Arrangement  of  Superheater  for  Water-tube  Boilers. 

lines,  the  superheater  may  be  cut  out  completely,  or  when 
moved  into  the  position  shown  in  full  lines  the  gases  are  com- 
pelled to  pass  up  and  around  the  superheater  before  passing 
to  the  rear  bank  of  the  tubes.  The  arrangement  is  the 
invention  of  the  Stirling  Boiler  Company,  Ltd.,  58，  Victoria 
Street,  Westminster,  and  Mr.  E.  G.  Constantine. 


Trials  of  the  Vatcrland." -  ― The  trials  of  this  vessel  com- 
menced on  April  28th,  and  lasted  for  several  clays.  It  is 
reported  that  the  results  were  of  a  high  order,  and  that  an 
average  speed  of  2oJ  knots  was  attained.  It  was  estimated 
that  with  the  propellers  making  180  revs,  per  minute  the 
vessel  would  travel  at  a  speed  of  at  least  22^  knots,  so  that 
the  estimate  has  been  considerably  surpassed. 
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SAFETY  IN  GRINDING  WHEEL  WORK. 

A  ih'LLETIN  recently  issued  by  com  in  i(  I  on  s;i  fct  y  ;i  nd 
sanitation  of  the  National  Founders'  Associat  ion,  d  irrel  s 
attention  to  tlie  dangers  of  grinding  wheel  optM';it  ion  and  lm、v 
they  】nay  be  overcome.  The  bullet  in  si  at  cs  t  li;it  I  lie  speed  (,t. 
the  ordinary  grinding  or  emery  wheel  is  as  great  as  tliat  of  a 
fast  express  train  and  travelling  at  a  rale  of  approximai  ci  v 
one  mile  a  minute  the  wheel  is  subject  to  frciiucni  alter- 
nations of  no  duty  and  severe  duty.  During  one  m()m('iif,  it 
may  be  running  idle,  and  in  the  next  it  may  sustain  violent 
shocks  in  rapid  succession  as  it  attacks  the  irregular  fnis  of  a 
casting  or  ploughs  through  a  solid  mass  of  metal.  The 
grinding  wheels  which  perform  this  st、v("('  service  aro  com- 


Fig.  1.— Belt-driven  Grindeii  with  Automatic  Whkki,  Limit  Stop. 

posed  of  a  multitude  of  gritty  particles,  artificially  bonded 
together.  Manufacturers  have  attained  remarkable  results 
in  strongly  uniting  these  particles  ；  the  elements  of  the 
bonding  process,  however,  cannot  be  controlled  with  such 
accuracy  as  to  ensure  absolute  safety  of  every  wheel,  and,  in 
spite  of  most  careful  inspection  and  test,  grinding  wheels 
sometimes  burst.  Yet  it  must  be  conceded  that  the  majority 
of  such  accidents  are  due  to  abuse  of  wheels  in  service  and  not 
to  faulty  manufacture. 

Varied  work  conditions  require  the  use  of  wheels  of  many 
shapes  and  degrees  of  hardness  and  fineness  of  grain.  Plain 
wheels  are  obviously  of  stronger  construction  than  cup  wheels 
or  other  special  shapes  ；  hard  wheels  are  of  stronger  com- 
position than  soft  ones.  Hence  plain  and  hard  wheels  may 
be  safely  run  at  higher  speeds  than  cup  or  special  shaped 
wheels  and  soft  grades.  It  has,  therefore,  become  the  custom 
of  grinding-wheel  manufacturers  to  attach  a  label  to  each 
wheel,  indicating  the  safe  maximum  speed  of  that  particular 
shape  and  grade  of  wheel  ；  these  recommended  speeds  should 
never  be  exceeded.  To  secure  greatest  efficiency  of  gi'imliiig 
wheels,  it  is  desirable  to  operate  them  at  the  safe  rnaximuni 
speeds  ；  most  machines,  therefore,  are  equipped  with  cone 
pulleys  offering  two  or  more  speeds  to  equalise  the  wheel's 
cutting  efficiency.  The  dangerous  drawback  of  this  arrau^e- 
ment  lies  in  the  fact  that  the  belts  on  such  machines  may  be 
shifted  by  men  who  do  not  realise  the  danger  of  overspeeding, 
and  yet  overspeeding  is  a  frequent  cause  of  the  bursting  of 
grinding  wheels.  Moreover,  when  a  small  wheel  is  replaced 
by  a  larger  one,  the  operative  is  apt  to  neglect  to  return  the 
belt  to  its  proper  position,  thereby  producing  an  excessive, 
unsafe  speed. 

Safety  devices  can  be  installed,  with  comparatively  small 
expense,  to  successfully  overcome  these  hazards.  On  a 
macliine  equipped  with  a  two-step  cone  pulley,  a  ht'l"lo<'kiii;r 
device  automatically  controlled  by  the  diameter  of  the  whorl 
in  use,  as  shown  in  Fig.  1,  will  take  care  of  the  problem  of 
excessive  speed  as  well  as  that  of  using  oversized  wheels. 
When  the  cone  pulley  has  three  or  more  steps,  the  belt  may 
be  secured  in  proper  position  by  the  belt  lock  shown  in  Y'v^. '— ), 
while  the  use  of  an  oversize  wheel  is  avoided  by  attaching  an 
adjustable  wheel-limit  stop,  also  shown  in  Fig.  1.  A  sign 
attached  to  the  machine  stating  the  revolutions  per  minute  by 
the  use  of  each  step  is  of  nmcli  value. 

Some  inanagers  use  single  sj>eed  machines  equipped  wit h 
permanent  wheel-limit  stops,  as  shown  in  Fig.  1，  and  are  con- 


tent to  ilius  sacrifice  (:ni'  "'i"'y  in  oi <l**r  tu  gain  sai'oty .  I  n 
oilier  plants,  however,  where  a  iiiiiiiIxt  m;"'liii"'，  ； nc  u  -cl 
for  one  grade  of  work,  single  sj)eed  ^rindci  s,  cadi  oi'  flill'ci  <  ni 
speed,  are  used  and  wIhm'I  limit  stops  are  provided  ；  maximu 川 
efficiency  is  maintained  by  transferring  wheels  successively 
from  low  to  higher  sjtccd  niacliiiifs  as  t  ho  wlx-cls  wear  small. 
Wlien  single  speed  ruacliiiics  arc  (  (juipped  wit  li  \)io\  t'<  \  ion 
lioocls  of  tlie  right  diameter,  these  limit  the  size  of  wheel 
used,  and  other  wheel-liniii  stops  are  unnecessary. 

When  a  grinding  wheel  is  too  heavy  for  its  spindle,  ilie 
latter  will  run  out  of  true  and  may  break  ；  this  may  prove  as 
disasl  rous  as  hroaka^o  of  a  wheel.  Tlie  ;ir'  om|"mviii';  tal>l<* 
gives  spindle  diameters  which  reputable  ^rindin^-wliccl  niami 
facturers  recommend  for  various  sizes  of  wheels.  Before 
mounting  a  grinding  wheel  upon  its  spindle  it  is  well  to 
examine  the  wheels  for  cracks  ；  a  cracked  wheel  when  lightly 
tapped  with  a  hammer  will  not  ring  clear.  The  wheel  sliould 
slide  on  the  spindle  easily,  l)ut  not  too  loosely,  as  the  wheel 
would  tlien  run  out  of  halaiirc  ；  it'  i'on-cl  on  ti"'litl、'  t  lie  \vIh*cI 
is  apt  to  be  broken.  A  clearance  of  0.005  inch  is  considered 
satisfactory.  Excessive  heating  of  bearings  and  shaft  should 
be  avoided  by  frequent  careful  adjustment  and  by  use  of  auto- 
matic grease  cups  or  self-oiling  bearings,  amply  protected 
from  dust  and  grit. 

It  is  advisable  to  confine  wiiliin  flanges  as  much  of  the 
wheel  as  is  practicable,  and  it  has  been  generally  agreed  that 
wheels  covered  by  flanges  less  than  one  half  the  diameter  of 
the  wheels  are  unsafe  ；  where  feasible,  tlie  wheels  should  not 
be  allowed  to  project  more  than  2in.  beyond  the  flanges,  in 
which  case  several  sizes  of  flanges  are  used  to  suit  the  reduced 
size  of  the  wheels.  The  clamping  action  of  flanges  should  be 
effective  at  their  circumference  in  order  to  compress  the 
wheel  at  the  outer  edge  of  the  flanges  and  not  at  the  centre, 
for  which  purpose  the  flanges  should  be  recessed  toward  the 
centre.  Flanges  which  are  not  recessed  clamp  the  wheel  only 
where  the  nut  compresses  near  the  centre.  Steel  flanges  are 
more  dependable  than  casfc-iron  flanges. 

Both  inner  and  outer  flanges  should  be  of  the  same  dia- 
meter, in  order  to  prevent  straining  of  the  wheel.  入 Vlu'ii 
flanges  of  one  diameter  are  used  exclusively,  t lie  inner  flange 
should  be  pressed  securely  on  the  spindle  ；  when  flanges  of 
various  diameters  are  used  on  the  same  spindle  interchange- 
ably, all  inner  flanges  should  be  keyed.  This  is  necessary  to 
provide  a  true  bearing  for  the  side  of  the  wheel  and  to  prevent 
a  tendency  of  the  nut  to  creep.  To  obtain  uniform  pressure  of 
flanges  upon  the  rough  sides  of  the  wheel,  washers  made  of 
soft  blotting  board  or  of  -^iu.  sheet  rubber  should  always  be 
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Fjg.  2.— Grinder  with  Adjustable  \Vubkl  Limit  Stop  and  Belt  Loce. 

used  between  the  flanges  and  wheels  ；  they  should  be  slightly 
larger  than  the  diameter  of  the  flanges.  Blotting  board 
washers  are  suitable  for  light  service  ；  rubber  washers,  while 
a  little  more  expensive,  make  better  cushion  contact  between 
flanges  and  wheels  ami  liold  the  wheel  more  securely. 

Wuen  finally  the  wlieel  is  secured  nj)on  tlie  spindle  by 
the  (laniping  nut,  care  should  he  taken  to  tighttMi  the  latter 
onlv  enough  to  hold  the  wlieel  firmly  ；  otherwise  tlie  clainpin^ 
strain  is  apt  to  crack  tlie  wheel,  if  either  tlie  wheel  or  the 
frame  of  the  machine  should  vibrate  abnonnallv  after  the 
wheel  has  been  thus  carefully  mounted  upon  a  spindle  of 
proper  diameter,  and  operated  at  normal  speed ,  the  cause  may 
be  found  in  weak  foundations,  an  unbalanced  wheel,  imperfect 
bearings  or  shafts,  or  the  niachiue  itself  may  be  too  light  for 
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the  weight  of  the  wheel  it  carries.  Abnormal  vibration  is  ； i]>t 
to  shat  irv  w  I  km1  Is  ； i  ml   t  his  hazard  m  ust    he   proin  [)tJy 

removed. 

Wheels  are  usually  in  good  balance  when  they  are  shipped 
from  the  factory.  They,  however,  are  subject  to  greater  wear 
at  some  points  than  at  others  ；  dressing  tools  also  dig  more 
deeply  into  soft  spots  than  into  harder  parts  of  the  wheel. 
They  should  be  dressed  and  trued  at,  frequent  intervals.  The 
dressing  tool  itself  should  be  of  the  guarded  type.  Grinding 
wheels  should  be  kept  in  a  dry  place.  Wheels  used  for  wet 
^riiuling  should  not  be  allowed  to  stand  idle  in  water,  as  11"、 
heavy  water-soaked  or  damp  portion  of  the  wheel  throws  it 
out  of  balance. 

Even  though  operating  conditions  may  be  good ,  grinding 
wheels  nevertheless  sometimes  do  break  in  service,  because 
they  are  of  brittle  composition  and  subject  to  mucli  abuse. 
Protection  hoods,  therefore,  should  be  provided  to  hold  within 
safe  bounds  the  broken  parts  of  a  grinding  wheel  in  case  it 
should  break  ；  sometimes  the  use  of  safety  wheels  will  miti- 
gate the  danger.  Safety  grinding  wheels  usually  are  tapered 
on  both  sides  ；  they  are  clamped  between  tapered  steel  flanges, 
concaved  to  fit  snugly  the  tapered  sides  of  the  wheels.  To 
insure  accuracy  of  fit,  which  is  very  important,  safety  flanges 
and  safety  wheels  should  be  furnished  by  the  same  manu- 
facturer. While  safety  wheels  have  prevented  many  injuries, 
they  are  not  absolutely  dependable.  The  unbalanced 
momentum  of  a  broken  wheel  is  often  sufficient  to  spread  the 
flanges  and  allow  broken  parts  of  the  wheel  to  escape.  More- 
over, even  safety  flanges  cannot  retain  broken  pieces  which 
may  fly  from  the  unconfined  rim  of  a  grinding  wheel.  Safety 
wheels  are  chiefly  desirable  in  special  cases  when  the  character 
of  the  work  absolutely  prohibits  the  use  of  hoods,  and  even 


Fig.  3.— Proper  Mounting  of  Stuaight  and  Safety  Wheels. 

then  extraordinary  care  must  be  taken  to  maintain  favourable 
operating  conditions  and  moderate  speeds. 

A  protection  hood  is  t  he  best  and  safest  method  to  guard 
against  injuries  from  broken  grinding  wheels.  When  possible 
the  hood  should  be  of  such  construction  as  to  serve  also  as  a 
dust  hood  which,  when  connected  with  a  suitable  exhaust 
system,  will  eliminate  the  injurious  effects  of  grinding  wheel 
dust  and  at  the  same  time  protect  against  accidents.  Such 
combination  hoods  are  regularly  made  and  form  a  part  of 
modern  machines  ；  it  has  also  been  found  practicable  to  inst  all 
such  hoods  upon  old  machines.  Cast  steel  or  rolled  steel 
hoods  are  safer  than  cast-iron  hoods  ；  the  latter  are  not 
dependable,  except  for  light  wheels  which  are  rarely  used  in 
foundries.  Hoods  should  be  amply  strong^  to  serve  their 
purpose.  The  inside  diameter  and  width  of  the  hoods  should 
be  sufficiently  larger  than  tlie  corresponding  diameter  of  the 
wheel  to  allow  proper  clearance.  The  hood  should  also  enclose 
the  spindle  end,  but  if  the  character  of  the  machine  will  not 
allow  this,  a  separate  guard  can  be  provided  to  prevent  work- 
men's clothing  from  catching  in  the  spiadle  threads.  The  liood 
should  enclose  the  wheel  as  much  as  possible  and  leave  an 
opening  only  large  enough  to  satisfactorily  apply  the  work  to 
be  ground.  If  the  opening  is  loo  large  it  will  permit  the 
escape  of  broken  parts  of  the  wheel  and  thus  frustrate  one 
important  purpose  for  which  the  hoocl  is  designed  ；  it  will 
also  require  greater  volume  of  air  for  proper  exhaust. 

Grinding  dust  should  be  carried  away  by  an  aclequat  o 
exhaust  system.  Where  this  cannot  be  done,  the  eyes  of 
operatives  should  be  protected  from  the  sharp  and  injurious 
grinding  and  metal  dust  by  approved  eye  protectors.  Some- 
times an  adjustable  glass  shield  is  used,  arranged  to  slide  in 


a  metal  frame  attached  to  the  machine.  For  the  safe  and  con- 
venient handling  of  work  w  1  i i I e  il  is  being  ground,  grinding 
wheels  are  usually  provided  with  work  rests  ；  these  must  be . 
ad  justable  and  workmen  should  be  encouraged  to  keep  them 
as  close  as  possible  to  the  wheel,  for  otherwise  the  workman's 
fingers  】nay  be  drawn  between  the  wheel  and  work  rest,  or 
pieces  of  the  casting,  or  even  t  he  cast  ing  itself,  may  become 
wedged  in  the  opening  and  do  dnniage  to  the  wheel,  or  to  the 
workman,  or  to  both.  The  ('l;ui!ps  for  fastening  the  work  rest 
in  place  must  be  effective  in  their  action,  so  1  liat  work  rest:; 
may  not  be  forced  away  from  i  lir  wheel  al  a  rril  i<-;il  moment. 
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111  order  to  avoid  striking  of  hard  blows  on  sides  of  wheels 
when  handling  heavy  or  cumbersome  castings,  a  chain  hoist 
will  prove  an  economical  investment  ；  by  its  use  castings  in  ay 
be  safely  lielcl  while  workmen  guide  the  castings  against 
the  wheel  ；  or  suitable  tables  or  rests  can  be  devised  for  the 
same  purpose.  Wherever  belts  are  used  on  grinding  wheels 
they  should  be  enclosed  in  suitable  guards  constructed  of  sheet 
iron,  expanded  metal  or  heavy  wire  screen,  attached  to  angle 
iron  frames  ；  sometimes  wooden  guards  are  used,  because  more 
economical,  and,  when  properly  made  are  of  protective  value. 
The  belts  should  be  guarded  to  a  height  about  7ft  .  above  the 
floor.  To  prevent  stumbling  against  the  machine,  the  floor 
about  the  machine  should  be  kept  free  from  castings  or  other 
obstructions. 

The  foregoing  recommendations  are  adaptable  to  machines 
now  in  use.  If，  however,  new  machines  are  to  be  installed,  it 
is  advisable  to  insist  that  they  be  equipped  with  every  safe- 
guard. Grindins;-  niachines  ； ii-o  mostly  of  the  belt-driven  type. 
Electrically-driven  machines  ； ire  now  finding  increased  use  ； 
they  are  usually  equipped  with  constant-speed  motors,  which, 
")""'ther  with  protection  hoods  and  devices  to  limit  the  size 
of  grinding  wheels,  give  safe  conditions  of  operation.  Some 
manufacturers  equip  their  machines  with  variable-speed 
motors  in  order  to  maintain  maxinium  operating  efficiency  ； 
such  machines  should  h-ave  devices  to  guard  against  over  speed- 
ing, for  instance,  through  automatic  connection  between  the 
motor  speed  regulator  and  the  diameter  of  the  grinding  wheel. 
In  the  case  of  portable  or  swing-frame  grinding  machines,  it 
is  equally  important  that  all  piwtirable  protecting  devices 
should  be  provided  ；  in  all  cases  protection  hoods  can  be 
applied  and  provisions  can  be  made  against  overspeecling. 


Labour  Departmental  Committee  Appointed.  ― The  Treasury  has 
； i]t|>()iiit fd  a  Committee  to  consider  whether  any,  and,  if  so, 
what  steps  might  be  taken  with  a  view  to  regularising  the 
total  demand  for  labour  from  year  to  year,  and  in  different 
seasons,  by  adjusting  tlie  dist rihut ion  of  public  work  con- 
ducted or  given  out  by  Government  departments  and  local 
aulhorit  ies  with  reference  to  the  state  of  employment  in  the 
particular  trades  from  time  to  time. 
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FAILURES  OF  HEAVY  BOILER  SHELL  PLATES.* 

IiY  SIONKY  A.   HOUGHTON,  A.M .  I  NST.C  .  K.  (Sim'  AND  ENOINEKK 
SURVEYOR,  MARINE  DKPAUTMKNT,  HOAUD  "I''  TKADK). 

In  spite  of  the  fad.  that  the  kim、vl('(l""'  of  tin'  m:m ii l.;"'t  m.t' 
and  science  of  steel  making  increast^  yt'ar  l>y  year,  it  is  im- 
Fortunately  true  that  failures  of  plates  which  have  passed 
t'lie  usual  tests  are  not  yet  eliminated .  That  this  should  lie 
the  case  with  the  lower  grade  descriptions  of  mil  I  steel  would 
not  give  cause  for  criticism,  hut  that  they  should  occur  with 
the  lieavy  boiler  shell  plates  used  in  niaciiK1  hoilers,  whicli  are 
made  from  the  highest  class  of  mild  steel,  and  generally  iroin 
special  chai'《3s，  is  a  matter  whicli  is  worthy  ot*  special  in- 
vestigation. The  only  paper  on  the  subject  seems,  however, 
to  be  the  able  one  by  Mr.  J -  T.  M ilhtn ,  cli icf  engineer  of 
Lloyd's  Re^iwter,  on  4 '  Fr;i'-t  ines  on  Large  Steel  Boiler 
lMates,"  which  is  given  in  tli(、  '  l*i  (n-ccdin^s  of  tlie  Institu- 
tion of  Naval  Architects,  191)5."  This  paper  is  of  consider- 
able importance,  but  practically  <le;ils  t'ullv  with  only  one 
fuse,  whicli  was  i  n vcsl  i^at  c<  I  l)v  l^ol".  A  mold,  t  liou^li  i'ou  r 
or  five  others  a r ?  descrihrd.    The  iinpoi  tande  of  failures"  of 


Fig.  1.— Magnipikd  50  Diamktkus. 

this  nature  has  long  heen  recognised,  and  careful  investiga- 
tions have  been  made  by  the  Board  of  Trade  and  the  Classi- 
liratkm  Societies  into  fractures  discovered  in  the  boiler  shops, 
but  as  financial  questions  often  arise  betweer  the  steel-maker 
and  the  boiler-maker  it  is  not  as  a  rule  possible  to  publish 
the  results  at  the  time,  and  indeed  in  some  instances  the 
actual  causes  have  not  been  definitely  ascertained. 

The  cases  described  in  the  present  paper  are  selected  from 
those  which  have  come  under  the  author's  notice  during  the 
last  15  years.  Some  of  the  plates  were  not  under  Board  of 
Trade  inspection,  but  through  the  courtesy  of  Llovd 's  Regis- 
ter of  Shipping  and  the  British  C'orjxtrat ion  for  the  Survey 
and  Register  of  Shipping  facilities  were  afforded  for  testing 
and  examining  the  plates  in  conjunction  with  their  surveyors. 
It  should  he  stated  here  that  the  plates  had  all  been  tested 
in  the  usual  way,  at  least  one  tensile  and  two  heiul  tests 
being  taken  from  opposite  corners,  and  in  some  instances  from 
each  corner,  and  that  the  results  were  sat isl'actory  ；  also  that 
the  plates  were  bent  cold  in  the  rolls  to  the  necessary  radius, 
aiul  that  all  rivet  holes  were  drilled  in  place. 

The  principal  details  of  the  failures  described  are  stated 
in  the  accompanying  tables,  and  a  short  description  of  the 

*  Paper  read  before  the  lion  and  Steel  Institute.  May,  1914. 


circuiMstanoeH  attending  them  is  given  before  consideriiii/  ，l"' 
causes  ol'  f;"lim'  as  a  whole.  Jt  must  he  uii*l<  rstooW  that 
the  opinions  as  to  tlio  causes  of  lailmr*  are  those  of  the  <-iut lioi 
？' nd  are  not  necessarily  those  of  t  lie  Hoard  of  Trade  or  of  tl"' 
Registration  Societies  r("ir<'ri"'<l.  In  wi"'  ii 卜 laii'.'s  the  con- 
clusions arrived  at  nannot  be  full)'  verified,  ljut  the  aiitlmr 
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Fig.  2.— Mag::ipii:d  r,0  Di.vaiETKits. 

hopes  that  by  thus  publishing  them  it  will  be  possible  to 
obtain  criticisms  and  suggestions  whicli  will  lead  to  the 
discovery  of  the  correct  ones. 

All  the  plates  were  made  by  the  acid  open-hearth  process 
with  the  exception  of  one,  which  was  made  by  the  basic 
open-hearth,  and  all  the  sections  of  whicli  photographs  are 
shown  were  cut  longitudinally,  that  is,  in  the  direction  of  the 
greatest  length  of  the  plate,  unless  otherwise  stated.  These 

sections  were  therefore 
at  right  angles  to  the 
cracks,  which  were  all 
transverse  ones.  Prac- 
tically all  the  sections 
were  etched  with  a 
solution  of  picric  acid 
in  amyllic  alcohol  to 
which  a  few  drops  of 
nitric  acid  were  arlderl. 
Picric  acid  by  itself  is 
h  ard  1  y  suffi  cientlv 
powerful  to  distinctly 
mark  out  the  ferrite 
crystals  in  mild  stee】， 
but  witli  the  addition 
of  a  little  nitric  acid 
these  are  shown  clear- 
ly without  discolora- 
tion, whilst  tlie  picric 
acid  blackens  the 
pearlite  suitably  for 
photographic  purposes. 
I  n  all  cases  com- 
plete sections  of  the 
with  material  of  this 
This  is  mentioned 
appear  to  use  sections 
the  author  has  ex- 
section?    Jin.   or  I'm. 


FlO.  3.  — A【A(iNIFIKl>  50  DlA M K.TKltS. 

plates  were  examined,  and  in  dealing 
r.  a  lure   tliis   is   absolutely  necessary, 
because  some  metallographic  workers 
only  about  §in.  square  or  even  less 
perienced  no  difficulty  in  preparing 
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square,  and  with  these  dimensions  the  thickest  shell  plate 
can  be  examined  in  two  parts  only.  If  the  sections  are  pro- 
tected by  a  cover-glass  secured  by  Canada  balsam  in  the 
usual  way,  and  then  mounted  on  a  glass  slip  with  white  lead, 
they  will  keep  indefinitely  and  will  be  availalile  for  examina- 
tion at  any  time. 

A  few  of  the  analyses  given  cannot  wholly  be  relied  on, 
at  any  rate  so  far  as  those  elements  liable  to  segregation  are 

concerned,  as  the  drill- 
ings were  not  taken 
right  through  the 
plate.  It  is  always 
advisable  in  dealing 
with  heavy  plates  to 
take  at  least  two  an- 
alyses, one  from  the 
two  outer  quarters  of 
the  plate  and  one  from 
the  inside  half,  thus 
indicating  if  segrega- 
tion exists. 

The  cases  consider- 
ed are  not  dealt  witli 
in  chronological  order, 
but  are  divided  into 
three"  classes,  as  fol- 
lows ： (A)  Plates  in 
which  partial  cracks 
only  have  occurred. 
(B)  Plates  which  have 
cracked  right  across  in 
the  boiler  shop.  (C) 
Plates  which  have  fail- 
ed under  the  hydraulic 
test. 

Class  At ― In  most  of  the  plates  of  this  class  the  cracks 
have  occurred  in  dressed  portions,  and  hammering  has  been 
one  of  the  chief  causes  of  failure,  though  many  plates  are 
abnormal  in  some  other  characteristic.    It  is  hoped  that  this 
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Fig.  5.— Surface  Section.    Magnified  50  Diameters. 
list  of  failures  may  help  to  prevent  the  use  of  this  obnoxious 
practice  in  future. 

Al  * ― This  plate  had  some  well- marked  surface  defects,  as 
shown  in  Fig.  I,  wumpanied  by  an  absence  of  carbon  near 
the  surface,  possibly  due  to  the  slab  being   burnt   in  the 
"For  analyses  of  A】 to  A 13,  see  Table  1. 


soaking  pit;  it  will  be  noticed  that  this  part  is  sharply 
defined  from  the  normal  structure.  As  can  be  seen  in  the 
j)hotograpli  the  surface  has  been  well  hammered,  and  it  is 
not  surprising  that  the  steel  in  this  part  gave  way  when 
bent.  The  structure  near  the  centre  was  very  coarse,  and  is 
in  great  contrast  to  that  on  the  outside,  which  may  be  due 
to  the  slab  not  being  uniformly  heated.  There  is  consider- 
able difference  between  the  original  tests  and  those  in  the 
vicinity  of  the  fracture,  and  as  the  analysis  doas  not  agree 
with  the  latter,  it  is  probable  that  the  drillings  were  taken 
from  another  place  and  that  the  plate  was  far  from  uniform 
in  composition,  though  it  should  be  mentioned  that  there 
is  no  sign  of  segregation  in  the  sections  examined. 

A2. ― Both  the  sulphur  and  phosphorus  were  very  】iigh  in 
this  plate,  and  the  latter  formed  some  carbonless  bands  near 
the  surface,  thereby  helping  to  cause  roughness  and  confer- 
ring extra  brittleness  on  the  part  which  was  hammered. 
This  metal  contained  a  great  number  of  blowholes  which  in- 
creased towards  the  centre,  and  it  may  be  remarked  that  in 
several  instances  an  excessive  number  of  blowholes  appear  to 
indicate  an  inferior  quality  of  metal,  though  at  first  sight 
there  seems  no  reason  why  any  material  difference  should  be 
noticeable  if  the  metal  is  stressed  in  the  same  direction  as 
that  in  which  it  is  rolled.      The  general  structure  is  very 

lamellar  in  character, 
«~  WW^WH5*^*^':^^  which  it  is  suggested 
X  '         may  be  produced  if  the 

'《^p^，  IIJbI  ?r„ 一    glabs  are  soakecl  t00 

二  V    二  long,  especially  when 

；/^  ^  \£T  the  phosphorus  content 

二: t?T^^^  ？、、 V^,/:  is  high.     The  failure 

^'-^V-  ^v1^^  ^    ^   "^二  of  this  plate  was  due  to 

、》T^  *^  vi        Vv^u*^'        1 .  hammer-dressing 


\  、 


Of 

surface  defects  produ- 
ced by  the  minor  seg- 
regations of  phosphorus 


一 


-广 、、- V  3  *  X、  >^ 

" ，八， 
+，> 々 ， 


二，, H 〜'丄 - \> 


Fig.  6. -Magnified  50  Diameters. 


A3. 一 The  primary 
cause  of  the  failure  of 
this  plate  was  probably 
the  large  carbonless 
area  shown  in  Fig.  2, 
due  possibly  to  the  sur- 
face of  the  slab  being 
burnt  or  decarbonised 
in  parts  ；  there  are  ako 
some  carbonless  bands 
below  caused  by  phos- 
phorus segregations. 
The  structure  towards 
the  centre  of  this  plate  is  of  a  lamellar  character,  with  a  moderat  e 
mimher  of  blowholes  and  some  compound  crystals,  which 
would  indicate  that  the  finishing  temperature  was  high.  The 
author  calls  "  compound  crystals  "  those  which  are  composed 
of  several  separate  ones  of  ferrite  and  pearlite,  and  which,  in 
fact,  constitute  the  entire  structure  of  mild  steel  heated  to  a 
temperature  of  1,000°  C.  There  were  no  signs  of  hammer- 
dressing  on  this  plate. 

A4. ― The  structure  of  this  plate  was  extremely  lamellar, 
as  shown  in  Fig.  3，  and  there  were  an  excessive  number  of 
blowholes  wliicli  could  be  better  seen  before  etching.  The 
phosphorus  was  quite  high  enough  and  there  was  a  consider- 
able amount  of  arsenic  ；  the  plate  was  also  hammer-dressed, 
but  there  were  no  signs  of  segregation  near  the  fracture. 

A5. — This  plate  shows  a  structure  considerably  different 
from  the  preceding  cases  ；  it  was  said  to  have  been  annealed, 
but  if  so  the  annealing  was  very  inefficient.  The  general 
structure  was  very  fine  and  mostly  lamellar,  as  shown  in 
Fig.  4  ；  it  is,  in  fact,  too  small  t6  be  produced  by  annealing, 
and  the  plate  must  have  been  finished  at  a  very  low  tempera- 
ture, thereby  setting  up  internal  stresses.  Near  the  surface 
are  some  good  examples  of  phosphoretic  minor  segregations. 
The  crystals  in  these  parts  are  of  huge  size  compared  witli 
those  of  the  steel  itself.  Fig.  5  is  a  horizontal  one  at  the 
surface,  showing  the  evil  effect  of  these  segregations,  and  it  is 
evident  that  they  afford  a  good  starting  point  for  a  fracture. 
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an   ne  seen 


The  outlines  of  the  phosplioretic  iron  crystals 
also  in  this  ])hotograph. 

A 6. —The  defect  in  tliis  plate  was  only  found  under  the 
liv 山 aulic  test  when  a  leak  was  observed  near  a  rivet  hole  ； 
and  on  further  examination  it  was  seen  that  there  was  a  crack 
si  a rtiug  from  the  rivet  bole  in  a  dressed  part.  This  crack 
did  not  go  right  through  the  plate,  and  was  only  shown  by 


itself,  as  usual,  as  carbonless  bands.  There  were  also  some 
blowholes  at  the  surface  whicli  had  been  severely  hammered 
(see  Fig.  6).  The  internal  structure  differed  considerably 
from  that  at  the  outside,  being  of  a  marked  lamellar  char- 
acter, and  was  decidedly  coarse  for  the  thickness  of  the  plate. 

A9. ― This  plate  had  also  been  curved  to  radius  before  a 
crack  4in.  long  was  found  in  a  dressed  part  near  one  side. 


-々' 


:^J、，*、d  ， '、' 、  -.' 


*， 

>m， 《 

^^齒 


Fig.  7.— Magnified  50  Diameters. 

the  water  passing  round  the  rivet  itself.  The  length  of  the 
crack  was  17iin.  and  the  depth  l^in.,  and  it  was  of  the 
"bubble"  description.  The  tensile  tests  were  satisfactory, 
but  the  structure  shows  that  the  plate  was  finished  at  a  high 
temperature,  probably  not  less  than  800°  C.，  and  that  the 
plate  had  been  hammered  in  the  dressed  part  to  conceal  a 
surface  defect. 

A7. ― This  plate  was  partly  riveted  into  the  boiler,  when  it 
was  found  that  there  was  a  transverse  crack  13in.  long,  ex- 
tending from  one  of  the  rivet  holes,  this  being  in  a  part  of 
the  plate  which  had  been  dressed.  The  tensile  tests  taken 
near  the  crack  gave  satisfactory  results,  with  the  exception  of 
one  which  failed  with  an  extension  of  only  4  per  cent,  due  to 
a  concealed  surface  defect. 
The  bend  tests  were  similarly 
good,  except  one  taken  along- 
side the  crack  which  failed 
from  a  surface  defect.  The 
analysis  gave  nothing  unusual, 
though  the  phosphorus  was 
somewhat  high  ；  whilst  the 
microscope  showed  that  the 
structure  was  fairly  normal, 
but  that  the  surface  had  been 
severely  hammered  to  conceal 
surface  defects  arising  from 
the  outside  of  the  slab  being 
overheated. 

A8. — This  plate  had  been 
curved  to  radiu  s  when  an 
irregularly-shaped  crack,  about 
8in.   long,   was  noticed   in  a 

dressed  part.  On  the  piece  containing  the  fracture  being 
broken,  the  crack  was  seen  to  be  very  uneven  in  character, 
extending  to  about  half  the  thickness  of  the  plate.  The  ten- 
sile and  bend  tests  were  satisfactory,  except  bends  made  from 
the  dressed  portion,  which  failed  at  a  small  angle.  Analysis 
showed  that  whilst  the  carbon  decreased  towards  the  surface 
the  phosphorus  increased,  and  this  latter  condition  showed 


Fig.  8.— Magnified  50  Diametkrs. 

No  tensile  tests  were  taken,  but  bend  tests  were  made  from 
the  dressed  portion.  These  all  failed  at  a  comparatively 
small  angle,  and  it  is  evident  that  this  test  is  a  simple  and 
efficient  one  for  disclosing  surface  defects  which  have  been 
hammered.  The  analysis  is  fairly  normal,  but  the  microscope 
showed  some  large  flaws  and  carbonless  bands  near  the  surface. 
The  latter  had  been  hammered  apparently  with  a  flogging 
hammer,  judging  by  the  distortion  produced,  as  shown  in 
Fig.  7  ；  and  it  was  a  foregone  conclusion  that  a  plate  so 
treated  would  fail  wlien  bent. 

A 10. ― Two  cracks  in  dressed  portions  of  this  plate  were 
observed  after  it  bad  been  bent  to  radius,  one  being  near  the 
end  and  the  other  about  midway  along  one  of  the  sides,  the 


2-  \」- .                                    一— mb^hi^^^i:, 

Via.  9.  —Piece  op  Shell  Plate  broki-.n  thkouoh  "  bubble  "  shaped  crack. 


latter  crack  being  exceptional  in  that  it  was  of  a  rectangular 
character,  one  part  being  transverse  and  the  other  longi- 
tudinal. Bend  tests  from  the  dressed  portion  failed,  and  a 
section  near  the  rectangular  crack  revealed  the  nature  of  one 
of  the  defects  which  it  had  been  attempted  to  hammer  down. 
This  was  evidently  caused  by  some  foreign  substance  which 
had  been  rolled  in,  and  produced  the  depression  shown  in 
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Fig.  8.    It  will  be  noticed  that  the  structure  is  deformed  by  it  was  noticod  1  h;tt  t  ho  rnotal  was  soft  and  powdery  to  tlm 

hot  work,  and  also  that  the  top  surface  has  been  hammered.  file,  similar  to  tliat  of  ri  steel  casting,  ami,  <n\  cxauiiiiiiii/  t lm 

There  were  in  addition  some  carbonless  bands  and  flaws  near  structure,  this  was  found  to  approximate  to  that  of  an  im- 

the  surface,  and,  though  it  sounds  paradoxical,  there  was  an  perfectly  annealed  casting  (nee  Fig.  10),  showing  tliat  the 


. 〜霍/ 


Fig.  10.— Magnifikij  50  Diameters. 


Via. 


-Magnified  r'O  Diam];t]:rs. 


Fig.  13.— .Maonifiki)  50  I)iasiktp:hs. 


increase  of  carbon  towards  the  surface,  there  being  no  signs 
of  segregation. 

All. ― The  cracks  in  this  plate  were  not  discovered  till  the 
boiler  was  ready  for  the  hydraulic  test,  when  two  were  seen, 
one  8|in.  and  one  9in.  long,  in  dressed  parts  not  far  from 
the  middle  of  the  plate.  After  the  plate  had  been  removed 
a  portion  was  cut  off  and  broken  through  the  8^in.  crack, 
which  was  then  seen  to  be  of  the  "  bubble  "  description  (see- 
Fig.  9).    The  tensile  tests  gave  varying  results,  and  showed 


that  the  plate  was  segregated,  but  all  the  bend  tests  were 
satisfactory.  The  analysis  showed  excessive  carbon  and  phos- 
phorus, and  indicated  that  the  material  was  unsuitable  for 
a  shell  plate.    In  preparing  the  sections  for  the  microsrope 


plate  had  been  rolled  at  a  grossly  excessive  temperature. 
Fig.  11  is  taken  from  the  centre  of  a  tensile  test  piece  near 
the  point  of  fracture,  and  shows  the  form  of  segregation, 
and  also  the  manner  in  which  the  metal  gives  way  at  this 
part,  owing  to  its  waut  of  ductility.  At  the  fracture  this 
is  shown  by  the  familiar  white  line  caused  by  the  crystalline 
break  of  tliis  part  of  the  metal.  This  plate  was  also  ham- 
mer dressed,  possibly  in  order  to  hide  defects  due  to  the 
surface  being  burnt.  The  following  abnormal  features 
occurred  in  this  plate :  excessive  rolling  and  finishing  tem- 
perature，  excessive  carbon  and  phosphorus,  hammer  dressing 
and  central  segregation,  so  that  its  failure  was  not  a  matter 
for  surprise. 

A12. — When  this  plate  was  being  bent  in  the  rolls  a 
tinkling  noise  was  heard,  and  on  examination  two  cracks  were 
found  in  a  dressed  portion,  one  3^in.  and  the  other  liin.  long. 
This  part  of  the  plate  was  cut  out  and  broken,  when  it  was 
seen  that  the  principal  crack  was  of  the  "  bubble  M  descrip- 
tion (see  Fig.  9),  so  that  it  would  seem  that  this  form1  of 
crack  can  be  produced  by  bending  the  plate.  The  transverse 
tests  taken  in  the  vicinity  of  the  cracks  all  gave  poor  results, 
and  some  failed  with  a  square  fracture  and  a  white  line  indi- 
cating segregation.  The  structure  of  the  plate  shows  a  large 
number  of  minute  sulphide  of  manganese  flaws,  which  in- 
creased towards  the  centre  both  in  size  and  quantity  ;  it 
seems  that  the  fissures  shown  on  the  fractured  surfaces  (Fig. 
9)  are  due  to  this  and  not  to  piping.  The  general  structure 
is  rather  lamellar,  with  carbonless  bands  near  the  surface, 
which  had  been  hammered  in  tin*  dressed  portion.  This  is 
clearly  shown  in  Fig.  12,  which  illustrates  a  good  example 
of  a  phosphoretic  band,  the  boundaries  of  which  are  clearly 
marked,  and  also  of  the  effect  of  hammering  the  plate. 
Heavy  central  segregation  occurred  in  this  plate,  where  the 
carbon  would  amount  to  about  0  5  per  cent.  From  the 
microscopical  examination  it  is  probable  that  the  amounts  of 
carbon  and  sulphur  given  in  the  analysis  are  under- 
estimated. 

A13. — In  this  instance  a  crack  about  8in.  long  was  found 
in  a  dressed  portion  of  the  plate  near  the  centre.  The 
analysis  obtained  was  normal  and  the  mechanical  tests  were 
satisfactory.  The  structure  showed  heavy  blowhole  and  sur- 
face flaws,  witli  carbonless  bands  near  the  surface  (<t?  Fi^. 
13),  which  had  been  lianimered.  The  general  structure  was 
very  coarse,  indicating  high  temperature  of  rolling  and  slow 
pooling,  and  possibly  this  plate  had  been  piled. 

(To  he  rotititt ued.\ 
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THE  INSTITUTE  OF  METALS  ：  MAY  LECTURE. 

The  annual  May  lecture  of  the  Institute  of  Metals 
was  delivered  l)y  Prof.  E.  Heyn,  of  Berlin,  on 
Tuesday  last,  at  the  Institution  of  Mechanical  Engi- 
neers, Engineer  Vice-Admiral  Sir  Henry  J.  Oram, 
K.C:B.，  F.R.S.,  President  of  the  Institute  of  Metals, 
ht'ing  in  the  chair.  Prof.  Heyn  said  that  it  was  a  well-known 
fact  that  the  welfare  and  convenience  of  modem  mankind 
was,  to  a  very  considerable  extent,  influenced  by  the  achieve- 
ments of  the  engineer.  People  admired  his  work,  and  were 
daily  confiding  life  and  health  to  his  creations.  But  only 
few  were  conscious  of  the  fact  that  engineering  work  was,  to 
a  great  extent,  dependent  on  the  possibility  of  manuf('i<-l  ui' 
ing  sound  materials  fit  for  the  purpose  and  of  keeping  them 
sound  in  the  course  of  the  niatiifold  processes  that  these 
materials  required  to  go  through  until  they  were  assernhlcd 
into  the  .'ulniirable  engineering  structures  presenting  them- 
selves to  the  public  eye.  Few  persons  were  conscious  of  the 
enormous  amount  of  thought  bestowed  on  the  question  of 
soundness  of  materials  by  thousands  of  men  fighting  con- 
tinuous struggles  against  the  numerous  hidden  dangers  in- 
volved in  the  intricacy  of  structural  material  and  working 
strenuously  towards  its  perfection  and  reliability.  Certain 
structural  members  might  fail  even  witliout  being  subjected 
to  stresses  in  service.  For  instance,  it  had  often  been 
observed  that  condenser  tubes  made  out  of  brass  cracked 
simply  when  stored  up  in  the  yard、  Some  articles  made  out 
of  this  metal,  when  exposed  to  atmospheric  influences,  under- 
went an  alteration  to  such  an  extent  that  they  might  be 
crumbled  between  the  fingers.  Similar  ])henoniena  could  lie 
stated  in  structural  members  made  out  of  other  metals  and 
alloys,  when  tliey  were  manufactured  under  uufavou rahle 
conditions,  which  lead  to  serious  internal  strains.  The  author 
said  that  he  had  made  a  special  study  of  the  phenomena  con- 
nected with  internal  strains,  investigating  their  causes  and 
devising  a  method  for  measuring  their  amount.  In  his  lec- 
ture the  author  dealt  specially  with  the  internal  strains  pro- 
duced by  cold  working  of  metals  (cold  drawing,  cold  rolling, 
cold  hammering,  &c.).  He  showed  that  by  these  operations 
under  unfavourable  conditions  internal  strains  might  be  set 
up  in  structural  members  which  came  close  to  their  resisting 
power,  so  that  even  trifling  additional  strains  caused  l)y 
external  forces  or  other  circumstances  (scratching  of  the  sur- 
face, unequal  heating  or  cooling,  slight  corrosion  by  certain 
agents  which  were  contained  in  the  atmosphere  or  by  certain 
paints)  might  lead  to  unforeseen  fracture.  He  discussed  the 
means  for  removing  or  diminishing  such  dangerous  internal 
strains,  and  illustrated  his  lecture  by  mi merous  samples  takon 
from  the  domain  of  practical  engineering. 


HOME  OFFICE  REGULATIONS  RELATING  TO  WORK  IN 
SHIPBUILDING  YARDS. 

The  following  regulations,  dated  April  4th,  1914，  have  been 
made  by  the  Secretary  of  State  under  Section  79  of  the  Fac- 
tory and  Workshop  Act,  1901，  to  apply  to  the  construction 
and  repair  of  ships  in  shipbuilding  yards. 

These  regulations  shall  not  apply  to  the  construction  or 
repair  of  a  ship  not  exceeding  150ft.  in  length  measured  from 
the  fore  part  of  the  stem  to  the  after  part  of  the  stern  post 
on  the  range  of  the  upper  deck  beams,  except  in  awning  or 
shelter-deck  vessels,  in  which  cases  the  length  is  to  be 
measured  on  the  range  of  the  deck  beams  next  below  the 
awning  or  shelter  deck.  These  regulations  shall  come  into 
force  on  May  1st,  1914.  It  shall  be  the  duty  of  the  occupier 
to  comply  with  Part  I.  of  these  regulations.  It  shall  be  the 
duty  of  all  persons  employed  to  comply  with  Part  II.  of  these 
regulations. 

Part  I. 一 Duties  of  Occupiers. 

1.  A  sufficient  supply  of  sound  and  substantial  material 
shall  be  available  in  a  convenient  place  or  places  for  the 
construction  of  all  stages. 

2.  All  uprights,  thwarts,  and  other  supports  used  for  the 


erection  of  stages,  and  as  far  as  reasonably  practicable  the 
stages  themselves,  shall  be  erected  by  competent  persons 
specially  but  not  necessarily  exclusively  employed  for  that 
purpose  by  the  occupier :  Provided  that  this  part  of  the  regu- 
lation shall  not  apply  to  such  adjustment  or  shifting  of  the 
staging  from  time  to  time  by  any  workman  as  may  be  neces- 
sary to  meet  the  varying  requirements  of  his  work.  All 
stages  shall  be  securely  constructed  of  sound  and  substantial 
material,  and  shall  be  of  sufficient  width,  as  is  reasonable  in 
all  the  circumstances  of  the  case,  to  secure  the  safety  of  the 
persons  working  thereon. 

3.  When  any  plank  or  planks  forming  a  stage  extend  less 
than  lft.  beyond  the  inside  edge  of  the  support  upon  which 
they  rest  they  shall  be  securely  fastened  to  prevent  slipping. 

4.  The  main  gangway  giving  access  to  the  upper  parts  of 
the  sliip  shall  be  securely  protected  by  upper  and  lower  lnuid- 
rails  on  eacli  side  ；  and  there  shall  be  safe  means  of  access  to 
all  places  in  which  any  person  is  required  to  be  employed. 

5.  All  ladders  used  shall  be  of  sound  material  and  of  suffi- 
cient length  to  give  safe  access  to  the  part  they  are  intended 
to  reach.  They  shall  be  maintained  in  good  condition  and  be 
adequately  secured  to  prevent  slipping 

6.  All  ventilator  holes,  manholes,  and  dangerous  parts 
of  other  openings  in  deck  shall  be  provided  with  temporary 
covers  in  good  repair,  or  other  sufficient  protection,  which  shall 
be  maintained  in  position  except  when  necessarily  removed  in 
the  course  of  work. 

7.  All  part:;  of  a  ship  on  which  work  is  being  carried  on 
and  the  approaches  to  such  parts,  shall  be  efficiently  lighted 
in  such  man ner  as  is  reasonable  in  all  the  circumstances  of 
the  case  to  secure  the  safety  of  the  persons  employed.  ]f 
portable  lamps,  including  hand  lamps  carried  by  tlie  work- 
men, are  used  for  any  part  of  such  lighting,  they  shall  be 
m  i  ]  ntained  in  good  condition.  Oil  lamps  shall  be  provided 
with  properly  fitting  screw  lids  or  stoppers. 

8.  When  a  stage  has  to  be  dismantled  and  in  all  cases 
where  materials  or  articles  have  to  be  lowered  from  a  height, 
adequate  precautions  shall  be  taken  to  secure  the  safety  of 
persons  employed  or  passing  be】ow. 

9.  Suitable  means  of  removing  injured  persons  from  the 
place  of  accident  shall  be  provided,  and  suitable  arrangements 
shall  be  made  for  first  aid  treatment. 

10.  A  competent  person  or  persons  shall  be  appointed  to 
exercise  supervision  with  regard  to  the  requirements  of  these 
regulations,  and  to  enforce  the  observance  of  them. 

Part  II. ― Duties  of  Persons  Employed. 

11.  Every  person  employed  who  becomes  aware  of  any 
defect  in  the  plant  or  gear  which  he  is  using  or  may  be 
required  to  use  shall  forthwith  report  the  same  to  the  occupier 
or  his  manager  or  foreman  or  any  person  appointed  in  pur- 
suance of  Regulation  10. 

12.  No  person  employed  shall  leave  any  loose  articles  or 
materials  lying  about  in  any  place  from  which  they  may  fall 
on  persons  working  or  passing. 

13.  No  person  employed  shall  throw  clown  tools,  planks, 
or  loose  material  from  the  stages,  decks,  or  other  parts  of  the 
vessel,  wit  "out.  observing  the  precautions  required  in  pur- 
suance of  Regulation  8. 


SMOKE  ABATEMENT:  DEPARTMENTAL  COMMITTEE 
APPOINTED. 

The  President  of  the  Local  Government  Board  has  appointed  a 
Departmental  Committee  "to  consider  the  present  state  of  the 
law  with  regard  to  the  pollution  of  the  air  by  smoke  and  other 
noxious  vapours  and  its  administration,  and  to  advise  what 
si  fj»s  are  desirable  and  practicable  with  a  view  to  diminishing 
the  evils  still  arising  from  such  pollution. "  The  Committee 
will  consist  of  the  Right  Hon.  Russell  Rea,  M.P.  (chainna") ; 
Mr.  H.  Brevity  Prof.  J.  B.  Cohen,  Colonel  H.  Hughes,  Mr. 
J.  F.  MacCabe,  the  Right  Hon.  Lord  Newton,  Captain  H.  R. 
Sankey,  Mr.  B.  Duncomb  Sells,  Mr.  P.  C.  Simmons,  Mr.  E. 
D.  Simon?  Mr.  W.  B.  Smith,  Mr.  H.  O.  Stutchbury,  Mr. 
Christopher  Turner,  and  Sir  Aston  Webb,  with  Mr.  E.  A  - 
Faunch,  of  the  Local  Government  Board,  as  se<TPtarv. 


May  ir>，  1914J 
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THE  FLYING-MACHINE  FROM  AN  ENGINEERING 
STANDPOINT.' 


BY  FUEDK  HH  K    WIl-LIA  M  LAT 
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aeronautical  constructor  rc(|uii'(js  to  know  the  weight  ami  ，■(> 
cllicient  of  traction  of  the  machine,  the  velocity  of  fliglit,  ； uid 
(ho  inaxiinii ni  gradient  it  is  required  to  climb,  the  problem  tticn 
resolving  itself  ink)  the  provision  of  ； i  screw-propeller  of  sufTi- 
cient  diameter  and  appropriate  pitch  to  supply  the  necessary 
thrust  reaction,  and  the  fitting  of  a  motive- power  engine 
(and,  if  necessary,  gearing)  to  d rive  the  said  propeller  at  its 
correct  speed.  The  horse-]Jower  needed  is  calculated  just  as 
in  any  other  case  of  propulsion  or  traction .  I  it  ； uldition,  the 
engineer  needs  to  be  able  to  calculate  the  stresses  necessn  r\- 
to  the  design  of  his  aero  toil  and  fusillade  st  l'wcture,  and  to 
design  a  suitable  alighting  chassis.  For  the  present  we  sli;i II 
assume  tliat  we  have  to  deal  with  a 
machine  in  being,  and  devote  our 
attention  to  the  peculiarities  and 
properties  of  the  aerial  highway  to 
which  the  machine  has  to  be  adapted 
and  to  adaj)t  itself.  Id  Fig.  1  is 
represented  the  flight-path 十  of  a 
hypothetical  machine,  plotted  from 
a  mathematical  equation.  The 
hypothetical  machine  differs  from 
an  actual  flyiiig-machiiie,  or  glider, 
inasmuch  as  it  is  assumed  to  be 
quite  small  in  conipiri^cn  to  the 
miiiitmmi  radius  of  curvature  of  its 
flight-path,  its  whole  mass  is  taken 
as  concentrated  at  its  centre  of 
gravity  (consequently  it  has  no  mo- 
ment of  inertia  about  its  transverse 
axis),  and  it  is  presumed  to  ex- 
perience no  resistance  in  flight,  or 
alternatively,  it  is  supposed  to  liave 
a  propelling  force  constantly 
applied    equal    at  every  instant  to 

its  resistance.  Referring  to  Fig.  1，  it  is  seen  tii;il  i\\v  strjii^iit 
line  flight-path  is  represented  by  a  horizontal  line,  path 
No.  1  ；  here  the  velocity  of  (lie  machiue  is  rcpiri]  to  that 
acquired  by  a  body  falling  freely  through  a  distance  Hn  con- 
stituting the  distance  between  Hi^lit  ^]>ai  li  No.  1  ； nul  the 
datum  line.  For  this  hypothetical  nwicliine  there  is  an  in- 
finite number  of  otlier  possible  flight-paths,  tli'?  w  liole  series 
being  represented  by  the  equation ― 

.        H  C 

cos  H  =  u  ~ 

3  H„ 十 \  iV 
from  which  the  samples  given  are  plotted. 

*  Thr  "  .laiiirs  l'。m'、t ''  Lcrtiire.  J  DM,  dt  Uvered  before  the  lustitution  of  Civil 
Engim't"、，  May  rah,  1914. 

t  Keproduccd  from  Fig.  12  of  "  Aerial  Flight,"  by  F.  \V.  Lauchosttr,  Vol.  II. 


I  i  will  he  seen  t  \\a\  \  he  sci  ics  rompris<'.、  I  wo  not ； i Idc 
(； i  rs:];  firstly,  wc  liavc  tlio  straight-line  patli  No.  I,  s<toihJI y, 
tlie  exact  semi-circle  No.  7. 

The  night-paths,  or  "  j>lm;'oi、「s，"    Nos.    1  f;，   of  less 

amplitude  ilian  tlie  s(;»ni circle,  an?  those  wliicli  ； qI'  rliu'f 
coiu'crii  lr(>m  our  picscnl.  point,  ot  view,  the  casos  U'、'o"d  t\w, 
semi-circle,  in  which  the  curve  has  no  ])uiut  of  ""lf'rti (川, ； m'J 
iii  which  the  machine  "  loops  the  loop,' 1  are  in  the  main  on] y 
interesting  from  the  point  of  view  of  the  hfn,;it  ician  ai，（l 
the  student  of  "  trick-flying."  Tliese  inflected  curves  have 
been  more  fully  plotted  in  Fig.  2.     In  Ki^s.  I  and  2 

the  velocity  at  any  point  is  that  corresponding  to  a  IhkIv  fall- 
iug  freely  from  the  datum  line.    Thus,  given  the  liormal  or 
iifitural  flight  velocity  V'"  the  scale  of  the  chart  is  determined 
by    the    calculaiioii     of    ilM  from 
the   equation   of   the   falling  boWy 

vn- 

'々/ ' 

Although,  as  already  stated,  the 
flight-patlis  given  in  Figs.  1  and  2 
represent,  strictly  speaking,  ； i  hypo- 
thetical machine  that  only  faintly 
resembles   an   actual    inachine,  the 
(liiTerence  has  but  little  effect  on  tlie 
validity  of  these  fliglit-j)atli  charts. 
I  have  shown  §  that  in  tlie  inain  the 
effect  of  moment  of  inertia  about 
tlie  transverse  axis  is  to  cause  the 
amplitude  of  the  oscillation  to  in- 
crease,   so    that   the   machine,  or 
imperceptible  stages  from  one  curve  to 
the   order   they   are    numbered    on    the  cliart, 
1  have  also  deinonstrated 


•ill 


order 

(ucntually  lending  to  instahilitw 
that  the  assumption  of  a  constant  horizontal  propulsive  force, 
in  place  of  a  force  always  in  equilibria",  with  the  res 卜 f;mr('， 
has  the  reverse  effect,  and  tends  to  damj)  out  an  oscillation 
and  diminish  tlie  patli  amplitude.  We  may  thus  in  any  free- 
fliglit  model,  or  glider,  have  the  fliglit-path  unstable,  neutral, 
or  stable, II  according  to  wliicli  (if  eitlior)  influ"n("'  incdomi 
nates.  T n  an  actual  flying-machiue  we  may  also  ]\ave  the 
flight-patli  unstable,  neutral,  or  stable,  hut  here  expericiwc 
has  shown  that  a  skilled  pilot  is  well  able  to  handle  a  machine 


Fig.  1. 

even  though  its  natural  flight-path  may  be  unstable  ;  in  spite 
of  this,  calculation  shows  that,  speaking  generally,  machines 
as  flown  to-day  are  not  far,  one  \v;iy  or  the  other,  from  the 
ncut ral  state.  From  tlie  engineer's  point  of  view  it  is  un- 
i 出 portant  whether  the  flight-path  stability  is  inluM*ent  in 
tlio  machine,  or  wliethor,  so  to  speak,  the  finishing  touclies 
have  to  be  given  by  tlie  pilot  himself. 

The  point  t  wish  to  make  clear  at  the  present  juiwture 
is  that  the  curves,  plotted  from  a  niatliematiral  e(|i"ition,  ilo 
actually  apply  with  reasonable   experimental    exactituilo  to 


t  'I'll'  IV 


flirt  Iut  sptcial  Oiisc  w  lu-n  tlu'  vulue  of  M  l)cioini>>  inHniU'  ；  the 
lliglit-patli  lniitim>  a  L-irrk'  of  radius - 


S  "  Arrial  Kliglit..'  Vol. 
II  This  kind  of  stnhilit\ 


II..  §§  52  et  seq. 

is  ficqiioutly  tcruifil  dynatHic  stubitity. 
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models  and  to  machines  in  flight.  Thus  a  disturbance  acting 
on  any  model  in  free  flight  will  set  up  periodic  undulations 
in  the  flight -】） ath，  and  these  have  within  the  limits  of  experi- 
mental observation  both  the  time  period  and  phase  length 
corresponding  to  their  theoretical  values  in  relation  to  the 
flight  velocity.    Some  experimental   determinations,*  show- 


Fig.  '2. 


ing  the  reality  of  this  relation  made  with  models 
flight,  are  given  in  Table  I， 

Table  I. 


in  free 


1 

2 

3 

Flight  velocity  

14-0 
27-0 

1.93 
1.83 

10-0 
15.5 

1-55 
1.37 

Measured  phase  length   feet 

Theoretical  time  period  second 

Measured  time  period  second 

The  phugoicl,  or  flight-path  chart  is  capable  of  useful 
application  in  more  ways  than  one.    Any  movement  of  the 


tail-plane  or  "  elevator/'  for  example,  by  altering  the  atti- 
tude of  the  main  aerofoil  causes  the  machine  to  become  self- 
supporting  at  a  lower  or  higher  velocity,  that  is  to  say,  alters 
its  natural  velocity,  and  we  thus  may  represent  such  a  change 
in  the  manner  indicated  in  Fig.  3.  Here  a  machine  is  pre- 
sumed flying  at  a  certain  velocity  corresponding  to  the  height 
Hn，  its  elevator  at  the  point  a  is  altered  to  correspond  to  a 
lower  flight  velocity  corresponding  ta  a  height  ftn  ；  tliis  is 
equivalent  to  altering  the  scale  of  the  chart  at  that  point,  and 
the  subsequent  path  of  the  machine  is  represented  by  the 
phugoid  curve  a  b.    This  path  may  undergo  damping,  either 


Fig.  i. 

due  to  the  inherent  stability  of  tlie  flight-path  or  due  to  the 
intervention  of  the  pilot,  as  shown  by  the  line  a  c.  In  the  case 
of  a  model  of  unstable  flight-patli  witli  no  intervention  from 
the  pilot  the  flight-path  becomes  one  of  augmented  ampli- 
tude, a  d.  c 

When  a  machine  is  fitted  with  an  elevator  (or  adjustable 
*  Tabulated  from  "  Aerial  Flight,"  Vol.  II"  § 園 


tail-plane)  of  large  surface  it  is  possible  for  the  pilot  to  take 
such  entire  charge  of  his  machine  that  lie  appears  to  be  de- 
signing his  own  flight-path  curves  rather  than  modifying 
or  damping  the  natural  curves  of  the  equation.  It  is  quite 
true  that  this  is  one  way  to  fly  ；  it  is,  in  fact,  the  old  Wright 
method  of  flying,  the  original  Wright  machines  having  been 
furnished  with  a  front  elevator  carrying  little  or  no  load. 
That  type  of  machine,  however,  may  be  regarded  as  a  thing 
of  the  past.  The  Wright  machine  could  be  "piled  up  ，， 
by  inattention  or  want  of  skill  at  any  moment,  and  if  once 
its  flight  velocity  fell  below  a  certain  value,  either  from  want 
of  attention  on  the  part  of  the  pilot,  or  from  a  wind  gust 
from  abaft  or  other  cause,  the  pilot  was  definitely  unable  to 
restore  his  normal  flight  condition  ；  it  is  for  this  reason  that 
the  Wright  type  of  machine  has  been  abandoned.* 


2.  Catastrophic  Instability. ― Before  entirely  quitting  this 
branch  of  the  subject  attention  will  be  directed  to  a  point 
first  raised  by  me  within  the  last  12  months  under  the  title 
of  lt  Catastrophic  Instability."  It  is  a  curious  fact  that, 
although  the  author  and  other  investigators  had  been  study- 
ing the  question  of  stability  by  various  methods  for  some  20 
years,  more  or  less,  and  such  items  as  longitudinal  stability, 
lateral  stability,  and  a  form  knowni  as  asymmetric  or  "  rota- 
tive ，，  stability,  have  been  "catalogued"  and  investigated, 
both  theoretically  and  experimentally,  a  form  of  instability 
which  may  in  practice  be  far  more  serious  and  deadly  has 
until  quite  recently  escaped  notice.  There  are  certain  types 
of  flight  model,  of  "which  the  ordinary  l(  ballasted  plane  "  is 
an  example,  in  which  the  flight-path  is  ambiguous.  In  tlie 
case  of  the  ballasted  plane 十 the  position  is  quite  simple.  This 


Fig.  6. 

type  of  model  is  symmetrical,  it  has  no  "  upside  down  "；  if 
launched  at  its  correct  flight-velocity  to  travel  on  flight- 】>"th 
No.  1  (Fig.  1)  it  is  equally  capable  of  travelling  on  an  alter- 
native flight-path  intermediate  to  those  numbered  11  and  12, 
the  only  determining  factor  being  whether  at  the  moment  of 
launching  the  pressure  reaction  is  in  an  upward  or  downward 
direction.  A  very  slight  want  of  skill  in  launching  one  of 
these  ballasted  planes  gives  at  once  the  inverted  flight-path 

*  Practically  the  whole  of  the  distinctive  features  of  the  early  Wriplit  nuuliinc 
have  disappeared  to-day  ；  for  example,  thft  tailless  machine  is  ;i  thinj;  of  the  past, 
iiuarly  every  modern  macliine  is  fitted  w  itli  a  tail  plane.  The  forw  anl  t'lt'vatnr 
is  obsolete  or  nearly  so.  The  twin  propeller  has  given  place  to  the  single  pn»- 
P eller  in  almost  every  case.  The  pear-driven  propeller  also  lias  been  altamlonod. 
Tlio  vertical  four-cylinder  or  motor-car  type  of  engine  h;is  proved  itself  inadiMpiatc. 
The  exposed  position  of  the  pilot,  fiiyino,  has  <:imh-  m'vt'r  to  return.  The 

W ri^'lit  method  of  launchinj;  on  runners  nml  alighting  on  skids  also  is  a  tliiiiL'  <>t 
the  past.  The  biplane  construction  and  tlie  fore-and-aft  vertical  surface  have  to 
soint'  extent  survived,  but  tlifse  features  were  in  no  wise  m'、v  when  adopted  by 
Uie  Wright  Brothers. 

Tin.'  win'-'  \v:ir|iiiiK  ;iiul  vei  l  ic;il  ruddrr  (neither  frat  in  c  in  il  >t-lf  new  ).  upcrat cd 
o，r'  control  lever  in  common,  are  nowadays  opi  iMt c<l 


t  A 
lasted  at 
231;  Vol. 


。ly  spjiari 


plate  of  mica,  convdkntly  "'嶋 i".  tliirk,  sin. 
of  the  leading  edge.    Com  pave  "  Aerial  Flight," 
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(Fig.  4)  ；  likewise  a  gust  or  (lis(  iu'l);i nee  :i('Uii"r  on  ； i  model  of 
this  kind  in  flight,  may  he  sullicient  to  invert  i  l:c  (li^lti  -patli 
and  deicnnine  its  downfall.     From  our  present  of  view, 

regarding  tlie  a i r  as  the  "  j)erri)anont  way/ 1  t  lie  jtosit  ion  is 
as  thougli  the  model,  or  machine,  were  continually  crossing 
a  number  of  facing  points  anan^tul,  not  ([itilc  as  on  a  rail- 
way, l>ut  in  a  vertical  sense  (Fig.  5)，  so  that  the  macliine  is 
always  in  d anger  of  l)eing  switclied  ofl'  on  to  an  inverted 
flight-patli  <t  (t,  if  an  aerial  disl  iirhance  of  tlu-  ri^hfc  kind  and 
sullifient  magnitude  and  duration  lia!)pen  to  be  encountered.* 
Tn  my  opinion  the  soundest  way  to  avoid  danger  from  this 
cause  is  experiment  in  a  wind  cliannel  wiili  scale  models,  both 
of  the  aerofoil  and  of  tlie  machine  as  a  whole,  prepared  from 
the  working  drawings. 


Fig.  7a. 

According  to  tlie  evidence  that  has  up  to  the  present  been 
collected  the  lift  diagram  for  any  machine  passes  without 
break  of  continuity  from  positive  to  negative  values,  and  the 
angle  of  inclination  is  a  single-valued  function  of  the  pres- 
sure reaction  a  a,  Figs.  6  and  7.  The  pitching  moment  in 
some  cases  is  a  curve  of  similar  character,  b  b,  Fig.  6，  in 
other  cases 國 is  of  the  form  b  b.  Figs.  7a  and  7b,  the  latter 
of  which  represents  the  case  of  the  ballasted  plane.  In 
Fig.  6  the  model  may  be  considered  as  catastrophically  stable, 
but  in  Figs.  7a  and  7b  there  is  instability.  There  are  three 
positions,  or  attitudes,  of  the  machine,  at  which  the  pitching 
moment  is  zero,  the  two  outer  two,  px  and  p2,  defining  respec- 
tively the  stable  positions  of  normal  and  upside-down  flight, 
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、 

Fig.  7b. 

and  p.t  marking  the  critical  angle  of  unstable  equilibrium 
when  tlie  machine  passes  from  one  state  to  the  other. 

In  Table  II.  are  given  results  of  some  experiments  recently 
carried  out  with  a  model  macliine  at  the  National  Physical 
】」ahuratory.    These  were  not  directed  to  the  point  in  ques- 

*  The  disastrous  nature  of  this  sudden  inversion  of  the  fliglit-paUi  may  ho 
^au^'t'tl  from  the  fact  that  it  represents  in  vVievt  a  complete  reversal  of  gravity, 
tlit'  machine  is  acceltTiited  downwards  wit li  a  force  c<inip;HMl)lc  t  d  1  li;it  previousiy 
yiviim  il  support,  and  any  loose  tools,  ins! niinnils,  or  lilmnits,  iiirlii'lin'— '  tlir 
l»ilot  himsrlf.  arc  liuttlc  to  ho  ji'tt isnntMl  f)v  the  niachiii<\  \vho^<*  suhscquoiit  rarctT 
is  an  upside-down  tli^iil  c;uTie<l  out  on  its  own  afi-ount .  'I'lu  farts  on  rrroril 
rt'lalinj:  lo  tlu-  fatal  acrident  lo  Major  Merrick  at  the  Central  Klyi?i«4  Srliool 
(October  3rd,  1U13)  point  blrongly  lo  catastrophic  instability  a>  U'r  (； uim'. 


t'ioM,  Imt  incidentally  serve  as  an  apt  illustration,  and  rou^lilv 
f'orni  the  basis  of  tlio  plotting,  Fi^.  7;i. 

lii  tlie  experimental  figures  as  tabulated,  the  evidenr  c  of 
catastro])liic  instability  is  seen  in  tlie  colufnn  lie  ided  pitdiiiig 
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Anglo  of  stable  equilibrium 

ri^lit  way  up. 

一 0.0043 

18 

-0-0173 

moment;  whenever  there  are  three  changes  of  sign  the  model 
is  catastrophically  unstable. 

Referring  to  Fig.  7a  it  may  be  observed  tliat  the  charac- 
ter of  the  pitching-moment  curve  depends  primarily  upon  the 
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At 

i 

處 》«GlE      Or      CNO»0     to  wind 

Fig.  8. 

form  of  the  aerofoil,  the  position  of  the  centre  of  gravity,  and 
the  effective  area  of  the  tail  member.  By  altering  the  angle 
of  the  tail  plane  (or  by  altering  its  effective  angle  by  moving 
the  flap  known  as  the  elevator)  the  datum  line  of  Fig.  7a  is 
in  effect  raised  or  lowered,  but  the  form  of  the  curve  itself  is 
not  materially  changed.  It  is  evident,  therefore,  that  a 
given  macliine  may  be  catastrophically  stable  within  certain 
limits  of  the  adjustment  of  its  elevator  ；  that  is  to  say,  refer- 
ring to  Fig.  7a，  it  will  be  seen  that  the  datum  line  may  either 
cut  the  curve  once  or  three  times  ；  the  range  of  adjustniont 
of  the  elevator  that  results  in  cutting  the  curve  once  leaves 
tlie  machine  catastrophically  stable,  but  when  the  elevator  is 
adjusted  so  that  the  datum  line  cuts  the  curve  three  time.- 
the  machine  is  catastrophically  unstable.  In  such  a  case  as 
that  shown  by  the  dotted  datum  line  in  Fig.  7a,  in  whidi 
the  machine  is  catastrophically  stable,  the  form  of  the 
j)itching-monient  curve  is  still  open  to  objection.  Not  oulv 
is  it  always  possible  for  the  pilot  to  bring  about  cat;»st ruphic 
instability  by  an  otherwise  well-intentioned  movement  of  his 
elevator,  but  the  restoring  couple  for  pitching  bevond  a  Mnnll 
amplitude  ceases  to  follow  even  approximately  the  strai^lil 
line  law,  a  fact  that  inevitably  imperils  the  flight-)>atli 
stability.  Even  when,  as  illustrated  in  Fig.  8,  tlie  pitdiing- 
monient  curve  h  h  never  passes  the  horizontal,  and  so  catas- 
trophic instability  is  no  longer  to  be  feared,  the  conditions 
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are  not  satisfactory,  since  there  may  be  a  considerable  change 
of  attitude  of  the  macliine  without  giving  rise  to  any  rom- 
inensurate  restoring  couple. 

Tlie  uiidesirahle  kink  in  the  pitcliiiig-moinent  curve,  shown 
in  Fi^s.  7a,  7b,  and  8，  is  due  to  the  movements  of  the  centre 
of  pressure  of  the  aerofoil  itself  in  relation  to  the  positio"  ol' 
the  centre  of  gravity.  The  tail  plane  alone  will  give  a 
pitchin^-monuMit  curve  of  the  type  illustrated  in  Fig.  6,  hut 
th(、  fore  and  aft  change  of  position  of  the  centre  of  pressure 
of  tlie  aerofoil,  at  different  angles  of  attack,  gives  rise  to  ； i 
pitching-moment  curve  whose  exact  character  depends  upon 
the  position  of  the  centre  of  gravity.  Should  this  correspond 
to  a  positively  loaded  tail,  a  curve  of  the  type  h  /'，  Fig.  9， 
will  result.  This,  supeuposed  on  the  tail  compoiitiits  imparts 
to  the  pitching-moment  curve  of  the  complete  machine  the 
kink  yhown  in  Fig.  7a. 


In  order  to  definitely  make  sure  of  a  satisfactory  pitching- 
niomeut  curve  for  the  complete  macliine,  the  pitcaing-moiiient 
curve  of  the  aerofoil  alone  should,  at  no  point,  exhibit  an 
inverse  trend.  To  achieve  this  it  is  necessary  to  bring  the 
centre  of  gravity  appreciably  in  front  of  the  most  forward 
position  of  the  centre  of  pressure  of  the  aerofoil,  so  that  the 
tail-plane  will  under  all  conditions  carry  a  .slight  negative 
load.  Taking  it  as  a  basis  that  at  the  worst  point  the  pitch- 
ing-moment curve  for  the  aerofoil  alone  shall  be  horizontal 
(the  form  of  curve  shown  in  Fig.  8)，  the  geometrical  construc- 
tion given  in  Fig.  10  may  be  employed  to  give  a  suitable 
location  to  the  centre  of  gravity  ；  here  the  locus  of  the  centre 
of  pressure  (as  experimentally  determined)  is  given  by  the 
line  a  a  a9  the  pressure-reaction  curve  is  shown  by  the  line 
b  bb,  the  dynamic  zero  being  on  tlie  line  O  Y.  A  number  of 
tangents  to  the  pitching-moment  curve  are  drawn  at  randotn 
from  points  on  the  axis  O  Y，  and  are  produced  a  distance 


、' 

Vm.  10. 


equal  to  their  own  length  beyond  the  point  of  contact,  the 
extremities  of  these  tangents  defining  a  curve  <l  d  <f .  Draw 
(j  (j  tangent  to  d  d  (1 ,  then  the  centre  of  gravity  should  be 
situated  on,  or  forward  of,  the  line  '/ ,/'  The  location  of  the 
centre  of  gravity  on  this  line  gives  a  pitching-moment  curve 
for  the  aerofoil  alone  whose  point  of  inflection  is  horizontal 
(as  in  Fig.  8).    If  we  assume  the  machine  flown  at  a  normal 


speed  corresponding  to  the  niaxinium  lift ;  drift  ratio  of  the 
aerofoil  (curve  <*  r  r),  the  centre  of  gravity  in  this  particular 
case  is  one-eighth  of  tlie  chord  length  in  advance  of  the  centre 
of  pressure.  Assuming  tlie  tail  length  equal  to  three  times 
the  chord  (as  in  the  B.E.  2  type  of  the  Royal  Aircraft  Fac- 
tory, whose  outline  elevation  is  shown  in  Fig.  la,  this  is 
equivalent  to  a  negative  load  on  the  tail  equal  to  0  04  (4  pei. 
cent.)  of  the  weight  of  the  machine.*  A  machine  so  ballasted 
may  be  regarded  as  absolutely  secure  from  catastrophic  in- 
stability and  as  having  a  pitching-moment  curve  of  an 
adequate  character. 

In  connection  with  the  present  subject  it  is  worthy  of 
remark  that  in  a  well-designed  aerofoil  the  most  forward 
position  of  the  centre  of  pressure  is  never  far  removed  from 
tlie  point  of  maximum  lift/drift  ratio. 十  This  fact  is  of  im- 
portance, inasmuch  as  it  permits  a  considerable  range  of 
movement  round  about  the  attitude  of  normal  flight  without 
introducing  grave  irregularities  in  the  pitching-moment  curve. 
Were  it  not  for  this  the  required  conditions  might  frequently 
be  far  more  difficult  of  fulfilment  tlian  is  actually  the  case. 

*  A  similar  corolusion  was  reached  by  the  author  some  eight  years  ago,  t>HMk«l 
on  ； in  entirely  <litterent  method  of  investigation.  For  model  t'\pt* rimt-nt  a 
nt'jzatively  loaded  tail  was  found  to  be  advantageous  ；  the  flyure  0-o:i">  is  yiven  in 
" Aerial  Flight,'*  Vol.  II..  pa'—'t'  It  is  desirahk'  tn  work  witli  a  less  proportion 

of  nt'tiativt1  load  from  the  point  of  view  of  keeping  the  resist  ain-<>  low  ；  t  vi<lently 
the  matter  is  ，、m'  for  t'omproinisc. 

+  This  is  not  in  the  nature  of  a  coincidence,  a  well- 山' at'rofnil  at  it> 
t  it  mie  of  least  reaist^.iu  t'  meets  and  leaves  the  stream-lines  represent  ini;  t  he 
relative  air- flow  (in  the  reginii  of  its  mid-wti"n)  conforni;il>Iy..  Undt* r  t \n-^> 
coiulitions  .small  t'lmw -、  "f  attitude  one  way  or  the  other  ilo  ii',t  化  ;m> 
iibnipt  clmnirc  in  t\w  aeifwlynamic  system.  Such  expedients  as  flattening  tlie 
t'xtiemitit's  and  giving  a  reflex  curve  to  tlie  trailing  edge  are  also  found  to  be 
of  service. 

(To  be  contu'Ktd .) 


GAS  ENGINES  FOR  STEEL  PLANTS. 

In  a  paper  on  "  Power  Problems  in  Steel  Mills,"'  recently 
presented  before  the  American  Institute  of  Electrical  Engi- 
neers, Mr.  F.  G.  Gasche,  of  the  Illinois  Steel  Company, 
referred  to  the  shortcomings  of  the  gas  engine  as  an  exclusive 
prime  mover  for  steel-mill  service,  more  particularly  the  four- 
cycle twin  tandem  type  of  large  capacity,  driving  alternating- 
current  generators.  The  unsuitability  of  this  type  of  prime 
mover  for  exclusive  use,  granted  that  under  steady  load  con- 
ditions the  gas  engine  had  enough  advantages  to  warrant  its 
supplying  a  part  of  the  power  required,  was  based,  in  part, 
upon  the  following  facts  : — 

Investigation  had  not  yet  given  sufficient  data  for  deter- 
mining accurately  the  extent  of  the  loads  thrown  suddenly 
upon  the  prime  movers  in  steel  mills,  particularly  motor- 
driven  mills.  Supplying  sufficient  spare  capacity  in  gas-engine 
units  to  carry  these  peak  loads  was  accordingly  a  matter  of 
guesswork,  and  especially  so  because  the  regulation  of  the  gas 
engine  of  the  type  under  discussion  was  hopelessly  inadequate 
to  the  instantaneous  character  of  the  mill  load  variations. 
The  weight  that  was  required  to  be  put  into  flywheel  and 
rotor  parts  to  equalise  the  load  was  entirely  out  of  proportion 
to  the  effective  capacity  of  the  units,  and  the  drag  resulting 
from  the  inertia  of  these  moving  parts  made  the  question  of 
adequate  regulation  impossible  of  satisfactory  solution.  The 
variation  in  torque  inherent  in  the  gas  engine  of  this  type  as 
a  prime  mover,  even  under  ideal  conditions  of  constant  load, 
was  another  essential  handicap  to  its  harmonious  adaptation. 
Tlie  use  of  the  storage  battery  for  the  absorption  of  the  peak 
loads,  while  conceded  to  be  an  essential  auxiliary  to  the  gas 
engine  plant,  as  installed  at  some  of  the  steel  plants,  did  not 
provide  a  sufficiently  flexible  nor  economical  regulator  of  the 
load  to  offer  a  solution  of  the  difficulties.  In  contrast  to  the 
gas  engine,  the  steam  turbine  was  offered  as  an  alternative,  tlie 
regulation  of  which  was  iniK*h  more  closely  adaptable  to  the 
conditions  of  steel-mill  service,  both  as  to  economy  of  opera- 
tion under  normal  average  load  and  under  peak  loads.  He 
suggested  that  a  design  of  prime  inovers  for  a  steel  mill  might 
provide  70  per  cent,  of  the  capacity  in  gas  engines,  and  30  per 
cent,  in  steam  turbines,  in  which  proportion  the  probability 
of  the  power  plant's  adapting  itself  to  the  load  conditions 
would  be  improved  in  every  respect. 
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ASQUITH'S  DRILLING  MACHINE. 

A  design  oi'  drilling  m;irliiiic  for 山. illiii;'  I" 山' s  ( In 
poi'tion  of  ； I  wide  】）late,  at  one  setting  tlifrcol'  and  、、' 
necessity  tor  employing  a  long  ovcrluiiioinn  ；, nil  |(, 
山 -ill  spindle,  is  shown  in  1  he  ； irrom |>;mviii"'  cuts, 
Fig.  I  is  ； in  end  olovation,  Fig.  2  a  side  or  I'i'ont  clcv; 
Vig-  3  ； i  (liagranimal ic  plan  of  1  lie  loo] .  Tli<.  r:i(lial 
'""miied  upon  n  pillar  |)mji'rt  i n"'  IVomi  ； i  ,';irri;w 
"1 画 Hie  cross  slide  B  and  is  provided  wi(  h  ； ,  \n>wv] 
feed  or  l)ol  li  for  moving  (  lie  carriiigc  to  ； uiv  rcquire( 


arm  A  is 
MIOIIIlt  cd 

or  hand 
i)osit  ion 


W  1 1  K.N 

to  ccrti 
lac(  me 
ilcliiicd 
rylindi- 

tootli  a 


WORM  AND  WORM  WHEEL  DRIVES 

BY  K.  J.  LEE8. 

Jiscussiii^  worms  and  wheels,  it  is  "<'<•       i'v  to  icier 
t;ic(ors  wliidi  ciiUm-  into  tlieir  design  and  im;iiiii 
I"  order  to  I,"  clear  these  terms  are  illustriitod  and 
a"  (,t  tlicm  Ix'iiig  i"  coiinectioii  witli  tlie  strain  hi  or 
cal  won". 

〃/'〃•  I'll  eh.    The  <lis (； iimc  between  the  <fii(r<-  one 
】cl  the  centre  of  tlie  next  measured  on  the  pitch  line, 
to  the  axis  when  speak iny  of  lh<-  worm,  and  ； it  riglit 
o  the  axis  when  speaking  of  tlie  wheel. 


Fin. 
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Fig. 


along  the  slide  B.  The  latter  is  ])rovidc(l  wit  h  ； 111  uudvv 
carriage  or  bogey  C-  to  travel  along  rails.  Onv  or  more  lorkinj^ 
devices  F  are  provided  for  securing  tlie  cross  slide  B  in  any 
adjusted  position  along  tlie  rails  (luring  tlie  'Irilliiiy 
operation.  The  locking  device  comprises  a  pair  of 
toggle  levers,  connected  with  a  pair  of  bell  crank  levers  and 
operated  by  a  screw  to  cause  tlie  hell  crank  levers  to  grip  t  he 
rail.  Tlie  plate  E  to  be  drilled  is  supported  on  pieces  of 
timber  as  sliown.  Referring  to  the  diagram  Fig.  3,  the  line  1 
encloses  a  rectangular  area  any   portion    of  which  can  be 


C  - 


i'lcj.  3.— AsyuiTH's  DUILLIN (；  him;, 

drilled  at  one  setting,  the  l)i-oken  lim's  2  ,'iirI  ；,,  n、|>r('s('iit  1 1"' 
mini  mum  and  maxim 画 radii  that  can  I"'  descril)nl  l>v  (he 
tlnll'  and  tlie  broken  line  4  represents  the  amount  of  cloarancf 
to  be  allowed  to  enable  the  drill  to  work  lluough  the  m;ixi- 
mum  radius.  With  this  tool,  which  lias  been  designed  and 
patented  by  Messrs.  William  Asquitli,  Ltd.,  Higlimml  Well 
Work,  Halifax,  holes  can  be  drilled  in  longitucliiial,  lateral, 
and  diagonal  rows  and  also  in  curved  rows  at  one  setting 
thf  plate,  and  owing  to  the  cross  slide  l>(',l  hoing  capable  of 
being  traversed  along  tlie  mils,  a  comparatively  sli«. it  radial 
arm  can  be  employed  lor  drilling  a  compan 


； /'"'  /'.— The  distance  from  the  centre  of  one  tooth 
to  the  centre  ol  the  next,  measured  at  riglit  angles  to  the 
^igle  of  the  teeth  or  thread,  which  is  also  the  shortest  distance 
between  centres  of  teetli. 

haul  of  a  Worm. —The  advance  of  one  thread  in  one  com- 
plete revolution  of  the  worm  measured  parallel  to  its  axis. 

-I", A  "/  a  Il'o/-///.— Ths  angle  of  tlie  thread  measured 
troiii  a  right  angle  to  its  axis. 

Pressure  Anrjle  of  Worm  Thnad.—T\xe  inclination  of  one 
side  of  the  thread  measured  from  a  perpendicular  at  ri"lit 
angles  to  the  axis. 

Papers  have  been  written  regarding  the  theory,  and 
numerous  tests  have  been  made  which  prove  tliat  if  proncrlv 
mounted,  and  all  materials,  lubrication,  &c.，  are  as  nearlv 
correct  as  obtainable,  an  efficiency  of  93  per  cent  " 
possible,  while  claims  are  made  for  even  higher  effk'"'"(  "'、 
In  view  of  this,  it  would  seem  best  not  to  go  into  the  、;,m,. 
paths  of  investigation  furtlier  than  necessary,  but  to  bring 
out,  if  possible,  other  vital  points  which  are  incidental  not 
only  to  the  design,  but  also  to  the  maiuit'arture. 

Reviewing  some  of  the  papers  and  tests  above  mentioned 
we  find  in  "  Worm  and  Spiral  Gearing,"  by  F.  A.  Jl;,l、('v. 
Uie  statement  that  worms  with  slight  angles  of  thread  hclow  ]J 
were  a  failure  and  those  above  12i°  were  successful.  He 
quotes  Janies  Christie,  of  the  Peucoyd  Iron  Works,  suggest- 
ing, as  a  good  rule  that  successful  worms  begin  with  those 
having  the  lead  equal  to  the  pitch  diameter  giving  an  angle 
of  17。  and  15'.  Mr.  Halsey  also  gives  examples  where 
worms  of  large  diameters  were  failures,  but  when  dianyl 
to  smaller  diameters  were  successful.  Tliis  is  attributed0 to 
reduction  of  pitch  velocity  and  on  increase  of  angle.  He 
mentions  that  most  worms  are  successful  at  200ft.  pitch 
velocity,  but  cases  have  been  known  wlicre  800ft.  were  uscl. 
Regarding  the  thread  angle,  the  niaxinuini  effici-ii<  v  would  I'u 
at  43°  and  34',  using  0  05  as  the  co-efficient  of  friction. 

In  "  Page's  Magazine  "  for  November,  1903,  page  428， 
there  is  an  interestincr  article  in  regard  to  the  worms  and 
wheels  used  by  the  Oerlikon  Company,  and  also  a  table  giving 
efficiencies  which  are  very  interesting.  Quoting  from  the 
a.rticle:  "  The  efficiencv  increases  with  the  angb  of  inclina- 
tion up  to  a  certain  point  with  tlie  smallness  of  tlie  co- 
efficient of  friction,  and  knowing  these  two  factors   it  is  pos- 

lde  plate.        ,  Paper  inosuuted  before  tlio  Cleveland  Euciaeerinu  Society.  December  ^nd.  1913. 
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sihlc  to  calculaio  the  thcoreiical  elliciency  as  sliuwn 
fullowiug  tahle  : — 

Table  of  ]Vor//i  Effivienvt/. 


Co-ofli- 
cicnt  of 
triction. 


Angle  of  Inclination. 
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I.") 

20 

25 

30 

35。 
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！ 14 

5 
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0 

97 

4 

97 

7 
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98 

0 

'.»8 

0 

0-02 

81 

3 

89 

5 

'.)•_> 

6 
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1 

95 

0 

95 

5 
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96 

0 

<)() 

1 

0-03 

74 

3 

85 

0 
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2 

！ U 

4 

92 

93 

4 
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94 

1 

94 

2 

0-04 

08 

4 

80 

9 
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1 

88 

8 

90 

4 

!)1 

92-0 

92 

2 

<)2 

3 

0-0o 

63 

4 

77 

2 

83 

1 

86 

3 

88 

2 

89 

4 

90-1 

90 

4 

90 

5 

0-00 

59 

0 

73 

8 
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84 

0 

86 

1 

87 

88-2 

88- 

6 

88 

007 

55 

2 

70 

77 

8 

81 

84 

1 

85 

6 

86-4 

86 

9 

86 

9 

(1-08 

51 

9 

"7 

8 

75' 

4 

79 

6 

82 

■2 

83 

S 
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85 

2 

85 

2 

0-09 

48 

9 

65 

2 
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1 

6 

80 

3 

82 

0 

83-0 

83 

5 

83 

0-10 

46 

3 

62 

70- 

9 

75 

6 

78 

5 

80- 

3 

81-4 

81 

9 

81 

8 

Experience  shows  that  for  larger  angles  of  inclination 
than  25°  to  30°  the  efficiency  increases  very  little,  especially 


Fig.  1.— W'oiui  Definitions. 

if  the  co-efficient  of  friction  be  small,  and  tli"  Uu:t  is  of  im- 
portance in  practice  because,  for  reasons  of  gear  ratio  and 
conditions  of  a  constructive  nature,  an  angle  greater  than 
30°  cannot  be  employed.  The  co-efficient  of  friction  increases 
with  the  load  and  diminishes  to  a  certain  extent  with  increase 
of  speed.  Besides  the  friction  between  the  worm  and  wheel 
teeth,  there  is  also  the  friction  of  the  spindle  bearings  and 
the  ball  bearings  for  taking  the  axial  thrust.  To  obtain  the 
best  results,  there  must  be  very  careful  choice  of  dimensions 
of  teeth,  of  the  stresses  between  them,  and  the  angle  of 
inclination. 

" To  sliow  what  can  be  done,  the  following  are  the  results 
of  a  test  with  an  Oerlikon  worm  gear  for  a  colliery  winding 
engine  :  The  motor  gave  30  to  40  b.h.p.  at  780  revs.  The 
normal  load  was  25  b.h.p.,  but  at  starting  it  can  develop 
40  b.h.p.  The  worm  gear  ratio  is  13.6  to  1，  the  helicoidal 
bronze  wheel  having  68  teeth  and  the  worm  five  threads. 
The  efficiency  at  one-third  normal  load  gave  90  per  cent.,  at 
full  load  94i  per  cent.,  and  at  50  per  cent,  overload  93  per 
cent." 

At  the  annual  meeting  of  the  A.S.M.E.  in  1912,  Wm.  A. 
Kenerson  presented  a  paper  entitled  "  Investigation  of  Effi- 
rieiicy  of  Worm  Gearing  for  Automobile  Transmission."  This 
investigation  was  made  at  the  plant  of  the  Brown  &  Sliarpe 
Manufacturing  Company.  The  illustrations  show  that  the 
worm  and  wheel  were  both  mounted  in  a  case  with  ball  bear- 
ings for  both  shafts  and  for  end  thrust,  the  end  thrust  hav- 
ing double  spherical  seated  ball  bearings.  The  diagrams 
show  an  extremely  high  efficiency  in  this  test,  in  some  cases 
up  to  97*9  per  cent. 

At  the  Ingersoll  Milling  Machine  Company's  })lant  at 
Rockford,  111.,  worms  and  wheels  have  been  successfully  used 
with  dimensions  as  follows :  Worms  5^in.  outside  diameter, 
I  [m.  circular  pitch,  4  threads,  5iu,  lead,  angle  of  18°  and  26'， 
pressure  14.^°,  the  depth  of  tooth  conforming  to  the  normal 
pitch,  which  is  l'186in.，  making  the  whole  depth  of  tooth 


about  ^in.  ；  wheels  iiave  50  teeth,  some  of  which  are  made  of 

bronze  of  the  following  composition  ： ― 

Copper    84'00 

Tin    1252 

Lead    2*205 

Zinc   ,   124 

Phosphorus    0.035 

These  worms  of  steel  and  wheels  of  bronze  have  been 
driving  the  horizontal  cutter  spindles  of  a  large  milling 
machine  in  this  plant  for  the  last  14  years  without  being 
replaced.  One  of  the  steel  worms  and  a  cast-iron  worm  wheel 
have  been  operating  a  large  screw  press  for  broaching  and 
inserting  teeth  in  the  milling  cutters  which  they  manufac- 
ture. The  pulley  on  the  worm  is  18in.  diam.  and  has  a  lOin. 
driving  belt.  This  drive  has  been  in  continuous  use  17  years 
and  the  worm  wheel  still  seems  to  be  in  good  condition.  In 
regard  to  the  ball-bearing  thrusts  for  these  drives,  there  was 
considerable  trouble  at  the  start  owing  to  the  use  of  a  flat 
single  ball  bearing,  but  later  the  double  race  and  double 
spherically-seated  bearing  which  is  now  so  successful  was 
developed. 

From  the  above  it  is  reasonable  to  assume  that  a  worm 
with  a  thread  angle  of  from  17°  to  43°  would  be  successful, 
but  there  is  one  feature  that  must  be  taken  into  consideration, 
and  that  is  the  pressure  angle  of  the  thread.  As  the  number 
of  threads  used  in  the  worm  is  increased  to  get  more  lead  and, 
therefore,  more  angle  of  thread,  the  pressure  angle  of  the 
tooth  should  also  be  increased.  If  this  is  not  done,  the 
peculiar  warped  nature  of  the  worm  will  not  allow  sufficient  of 
the  wheel  to  intersect  with  its  teeth  and  will  undercut  them 
with  a  consequent  loss  of  surface  contact,  which  contact  should 
be  as  great  as  possible. 

Consider  a  blank  with  rings  on  it,  then  a  thread  ；  now  add 
other  threads,  and  the  angle  of  thread  will  gradually  increase 
until  at  a  maximum  we  have  a  spur  pinion,  threads  or  teeth 
having  changed  90°,  and  at  either  extreme,  it  is  quite 
； ipjKirent  that  there  will  be  no  efficiency  in  ^  line  parallel 
with  the  axis  ；  in  regard  to  tooth  contact,  it  is  clear  that  as 
the  threads  increase  the  action  between  the  worm  and  the 
wheel  will  be  less  until  at  the  extreme  or  spur  pinion  all  tlie 
teeth  will  be  cut  away  in  the  wheel.  Because  the  action 
between  the  worm  and  the  wheel  teeth  is  largely  sliding,  it 
stands  to  reason  that  the  area  of  contact  in  these  teeth  is 


Fig.  -2.— Diagram  showing  Change  fiiom  Hings  xo  Spur  Pinion. 

governed  to  a  large  extent  by  the  ratio,  which  is  controlled 
by  the  number  of  threads  in  the  worm.  And  if  an  efficient 
angle  be  used,  the  width  of  face  of  the  wheel  must  be  nar- 
rower as  the  angle  increases  ；  this  statement  is  made  assuming 
the  wheel  to  conform  to  the  worm  and  be  made  by  the 
process  known  as  hobbing.  If  the  face  be  made  too  wide, 
the  hob  will  cut  away  the  ends  of  the  teeth  on  the  wheel  to 
a  point,  but  the  greater  pressure  angle  ~  will  eliminate  this 
to  some  extent  and  allow  more  width  and,  therefore,  more 
surface  contact.  To  my  mind,  the  correct  surface  contact 
of  the  teeth  in  a  worm  and  wheel  is  a  most  vital  point,  and  a 
correct  design  may  be  spoiled  l)v  incorrect  contact  of  the 
teeth,  due  to  error  in  their  manufacture  and  assembly. 

In  gearing  in  general,  eccentricity  is  one  of  the  great 
suurcco  of  trouble  ；  this  must  be  guarded  against  in  making 
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the  worm,  the  wlieel,  ； hkI  especially  the  liob.  Tlie  worm- 
wheel  must  not  only  run  true  on  its  pitch  diameter,  but  must 
be  bored  ])eri'ectly  true,  and  not  run  out  sideways.  Designers 
may  diller  as  to  the  fonu  of  iootli  to  use,  but  regardless  of 
what  form  is  used,  the  best  results  will  he  oMained  hy  making 
tlie  liob  in  identically  the  same  manner  as  the  worm  is  to  he 
made  ；  that  is  as  far  as  the  tooth  form  is  concerned. 
A  iter  this  outline  is  obtained,  of  course,  the  liob  "i;iy  l)e 
relieved,  but  the  relieving  tool  should  be  made  to  conform  to 
the  thread  as  made  on  the  worm,  working  to  the  normal 
section.  I  inention  this  because  so  many  liobs  are  ordered 
from  a  cutter-maker  who  niakes  a  relieving  tool  for  a  lathe 
according  to  his  own  ideas,  juul  at  t lie  s;i inc.  time  some  shop  is 
producing  worms  with  threads  thai  may  or  may  not  ！ nesli  cor- 
rectly with  a  wlieel  cut  with  the  1ml).  The  above  is  true 
where  an  efl'ort  is  made  to  obtain  tlic  maxinuuu  efficiency,  hut 
does  not  apply  to  very  light  loads  and  intermittent  action. 

As  previously  stated,  the  action  of  a  worm  and  wheel, 
when  transmitting  power,  is  largely  a  sliding  contact.  For 
all  good  sliding  surfaces  used  in  machine  tool  construction, 
tlie  two  surfaces  are  scraped  together,  and  as  a  rule  have  a 
liberal  area.  A  worm  and  wlieel,  on  the  contrary,  are  sub- 
jected to  extreme  pressure  and  are  very  seldom  scraped  to- 
gether. If  the  cost  of  production  will  allow,  it  is  a  good 
plan  to  make  the  worm  as  perfect  as  possible,  relative  to 
concentricity  and  uniformity  of  teeth  in  size  and  indexing, 
with  a  very  smooth  surface  after  hardening  which,  even  if 
ground,  should  then  be  polished.  Mate  the  worm  and  wlieel 
together  in  a  fixture  that  will  allow  a  centre  adjustment,  an  J 
scrape  the  bronze  wlieel  to  conform  to  the  worm,  using  the 
regular  methods  of  red-leading  or  blueing  the  thread  of  tlie 
won"  to  find  the  contact  on  the  teeth  of  the  wlieel  to  be 
scraped.  The  above  appears  to  be  a  refinement  which  will 
be  very  expensive,  but  when  one  considers  the  cost  of  inspect- 
iug,  grinding  in,  and  other  precautious  used  in  comparison, 
it  is  probably  not  so  extreme  as  it  may  at  first  appear,  for  it 
has  the  advantage  of  being  successful,  is  based  on  contact 
with  a  worm  where  the  outline  can  be  defined,  and  if  these 
worms  are  exact  duplicates,  is  interchangeable,  a  tiling  that 
is  an  absolute  impossibility  by  any  method  of  lapping  or 
grinding  where  two  surfaces  are  allowed  to  change  indis- 
criminately in  the  process. 

The  need  of  the  intercliangeability  of  parts  manufactured 
in  the  modern  shops  to-day  has  resulted  in  the  development 
of  manufacturing  operations  to  extreme  limits,  measuring  and 
testing  machines,  and  the  education  of  mechanics  who  are 
c'a])able  of  producing  to  these  limits,  so  that  to-day  we  find  a 
machine  so  delicate  and  accurate  that  it  will  measure  the 
balls  used  in  a  ball  bearing  to  fractions  of  a  thousandth  of 

inch,  and  ball  races  being  ground  so  accurately  that  all 
the  balls  do  their  share  of  the  work  and,  therefore,  make  the 
ball  thrust  a  success,  where  formerly  it  was  condemned  on 
account  of  a  ball  crushing.  When  it  is  understood  that  the 
balls  varied  in  diameter  and  were  placed  in  supposedly 
parallel  bearings,  that  when  the  large  ball  came  to  the  tight 
side  of  the  ball  race,  it  alone  had  to  take  all  the  thrust,  the 
reason  why  it  either  crushed  or  scored  the  ball  race  is 
apparent.  Now  that  balls  are  made  luiiforn1  and  double 
spherical  seats  are  used  for  the  races,  this  trouble  is 
eliininated. 

The  question  might  consistently  be  asked  at  this  point, 
why  the  spherical  yeat  if  the  machine  work  and  the  balls  are 
accurate  ？  The  answer  is  that  the  burden  of  accuracy  is  con- 
stantly changing,  and  at  the  present  time  it  is  largely  up  to 
the  material  used.  The  strenuous  work  the  niecliaiiism  is 
subjected  to  will  often  create  a  flexibility  that  must  l>e  ta ken 
care  of.  This  brings  us  to  the  shafts  on  whirli  the  worm  and 
the  wheel  are  mounted  ；  the  ball  bearings  used  here  should  1>e 
of  the  self-aligning  type,  which  will  readily  tnke  rare  of 
alignment  and  give  flexibility. 

Quoting  from  a  ball-bearing  authority  :  li  Ten  voars 
anyone  who  advocated  ball  bearings  as  a  means  of  avoiding 
breakdowns  on  machinery  would  have  met  with  stmiig  o]>]xisi- 
tion,  and  it  may  well  be  admitted  that  tho  objections  which 
were  raised  at  that  time  against  the  use  of  ball  l)e;i rin^s  in 
inanv  industrial  applications  were  in  some  mr;ism'(、  justilifMi. 
It  was  argued  that  ball  bearings,  having  to  be  made  i'runi 


steel  hardened  to  tlie  highest  decree,  would  l>c  ，'xt r,'m''ly 
l>iittle  and  liable  to  fracture.  Tl".  ^ciieral  l+，';i，iir"  of  con 
struction  and  the  processes  of  niamif;icture  liar]  not  ； itt"im'l 
tlie  degree  of  excellence  to  which  ball  hearings  are  now  Immii^ 
produced  for  a  prarti'  allv  unlimited  field  of  a|,|'l i""  m" ,  in 
a  wide  range  of  types  and  sizes,  and  for  u  variety  of  load  con 
(Jiti (川 s，  speeds,  and  purposes.  While  results  from  some  of 
the  earlier  ball  bearings  tended  to  promote  the  indiistrv, 
many  failures  checked  its  progress:  Imt  years  ot'  rrscarrji . 
experiment,  ； nid  painstaking  developments  in  |'r(,'<'"''s  of 
inanufHcture  have  served  to  overconie  old  prejudices." 

At  one  of  tbe  leading  automobile  factories  I  t'ouinJ  tli'' 
following  interesting  features  ：  They  iMauul'ari  urc  (lu  ir  own 
Imll  hearings:  that  is,  tl"'v  make  all  the  li<-arin^s  and  huv  t  ln- 
balls  to  use  in  them.  Tliese  halls  pass  through  a  most  rig"J 
inspection,  hotli  for  (liarnclcr  ainl  smooth noss  of  siirlarc. 
They  use  a  measuring  macliine  called  tli»'  mim'm('"'r,  wliicli  is 
graduated  to  measure  "r>nim.，  and  hy  (lividing  the  gradua- 
tions tlie  reading  would  give  nun.,  which  is  ； ilx>iit 
^r.Aooi11-  This  same  machine  will  clieck  on  tln»  suri'Mce  of  a 
ball  whether  or  not  it  has  a  sinoot h  finish,  ； m(l  it  is  remark- 
able what  a  difTerence  there  is  wImmi  lolling  a  perfectly  smootli 
ball  under  tliis  measuring  indicator  and  tlieii  substiti" iii 二' 


Fig.  3.— Wo ii m  \\'hi;i;l  Cask. 


one  that  is  apparently  all  right,  but  wliich  tin'  lninirtictcr 
coiidenms  because  of  surface  rougliness.  Magnil ying  glasses 
are  used  for  detecting  irregularities  on  the  surface  ；  these 
glasses  magnify  from  65  to  125  diameter^. 

The  balls  have  to  pass  inspection  to  a  limit  of  y^J^iu. 
cliai".  ；  that  is,  all  the  balls  to  go  in  one  race  must  be  witliin 
this  limit.  The  inner  and  outer  ball  races  are  ground  so  that 
when  the  bearings  are  assembled,  the  space  in  which  tlie  hall 
is  to  run  is  about  one-quarter  to  one-half  tliousantltli  of 
an  inch  larger  than  the  ball.  Experience  has  shou  n  tlwit  ； t 
ball  bearing  made  this  way  is  more  liable  to  give  >atisl action 
than  an  adjustable  ball  bearing  with  a  screv  take-up  whicli 
some  inexperienced  mechanic  might  adjust  either  too  tiglitlv 
or  too  loosely,  and  thus  destroy  its  life  and  efliciencv.  A-  a 
startling  illustration  of  ball-bearing  efficieiicv,  tlitre  is  a 
machine  for  roughing  out  the  hall  races  internallv  wludi  Ii; 卜 
all  its  shafts  and  movements  and  enierv  whet'l  spiiidl*' 
mounted  on  ball  bearings.  This  macliine,  with  the  same  l>elt 
speed  and  power  applied,  will  rou^h  out  just  twice  tin* 
amount  of  bearings  a  day  that  forinerlv  were  made  on  similar 
Tuaohines  with  plain  bearings.  It  is  vcrv  evident  that  tin- 
ball  bearing  is  destined  to  be  a  most  im]>ortant  factor  in  the 
success  of  the  worm  and  wheel  as  a  drive. 

Tm  summing  up,  I  will  say  that  from  ； ill  iiulications  the 
worm  and  wheel  as  a  drive  will  become  more  popular  and 
more  successful  when  it  is  thoroughly  understood  that  all  thv 
factors  which  en  tor  into  its  design  and  maimfarture  inu-t 
be  carefully  looked  into.  There  is  rortainlv  ito  douht  tliat  the 
inaiiufarturers  of  liiacliiiio  tools  a  re  doing  their  part  to  makr 
machines  whicli,  if  fiandled  |'roperIv，  will  produce  down  to 
limits  of  extreme  a(vm'a('v.  The  hall  hearings  wliicli  are  now 
on  tlie  market  meet  the  requirenients  (l，>"mn(le(l  of  them, 
whilo  tii(、  im、asm'ing  niacliines  are  capable  of  ntcaijuring  down 
finer  than  reiiuired. 
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THE  HUDSON  COMBINED  CYLINDRICAL  AND  WATER-TUBE 

BOILER. 

The  acfompaiiying  illust ration  shows  the  "  Hudson  "  patent 
cylindrical  and  water-tube  boiler,  which  has  been  designed 
with  a  view  to  combine  the  advantages  of  the  water  tube  and 
cvliiidrical  types  in  one  unit.  The  general  design  of  the  boiler 
will  be  evident  from  a  perusal  of  the  illustration.  It  consists 
essentially  of  a  shortened  Lancashire  or  Cornish  boiler,  in  the 
side  flues  of  which  are  arranged  the  water-tube  elements.  The 
tubes  are  expanded  into  headers  at  each  end,  and  are  given 
a  rise  from  the  front  to  the  back  of  the  boiler.  The  two  front 
headers  are  connected  by  means  of  pipes  to  a  well  fitted  to  the 
base  of  the  cylindrical  boiler,  and  the  two  back  headers  to  an 
overhead  cross  pipe  which  communicates  with  the  steam  space 
of  the  cylindrical  boiler.  These  two  back  headers  are  further 
united  at  the  back  end  by  a  second  tee-shaped  pipe  which 
enters  the  boiler  at  the  level  of  the  top  of  the  furnace  flues 
and  balances  the  water  level  in  the  three  elements.  The  over- 
head cross  pipe  collects  the  steam  from  the  two  rear  headers 
of  the  water-tube  elements,  and  conducts  it  to  the  steam  space 
of  the  cylindrical  boiler.  The  feed  water  is  introduced  at  the 
front  ends  of  the  cylindrical  element,  and  is  carried  forward  in 
an  internal  pipe  for  about  8  feet.  By  this  means  the  water 
is  raised  to  a  high  temperature,  and  any  scale-forming  matter 
is  precipitated  before  entering  the  water  tubes.  Further,  a 
uniform  temperature  is  maintained  from  top  to  bottom  of  tlie 
cylindrical  element,  which  secures  equal  expansion  of  shell 
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and  furnaces,  and  thus  prevents  grooving.  The  gases, 
after  leaving  the  furnace  tubes,  pass  along  the  water-tube 
elements,  then  along  the  bottom  of  the  shell,  and  thence  to 
the  chimney.  The  boiler  is  easily  accessible  for  cleaning  and 
inspection  purposes,  and  occupies  a  miiiinuun  of  space, 
requiring  only  about  half  that  necessary  for  Lancashire 
boilers  of  equivalent  evaporation,  while  the  head  room  is  tlie 
same  in  both  cases. 

The  boiler,  which  is  manufactured  by  Messrs.  Thomas 
Hudson,  Ltd.,  Sheepford  Boiler  Works,  Coatbridge,  is  made 
in  sizes  covering  a  range  of  evaporation  from  3,0001bs.  to 
20,0001bs.  of  water  per  hour.  For  evaporations  up  to 
8,0001bs.  of  water  per  hour,  the  cylindrical  element  of  the 
boiler  is  of  the  Cornish  type.  The  standard  type  of  Hudson 
boiler  has  a  cylindrical  element  16ft.  long  by  8ft.  diam.,  a 
heating  surface  of  2,100  sq.  ft.,  and  an  economical  range  of 
evaporation  from  8,0001bs.  to  15,0001bs.  of  water  per  hour. 
The  evaporation  per  square  foot  of  heating  surface  is  7-^lbs., 
using  a  good -quality  of  fuel  and  a  rhimney  draught  of  about 
^iii.  An  evaporative  test  on  one  of  these  standard  boilers, 
hand  fired  and  without  the  use  of  an  economiser  or  super- 
heater, at  the  works  of  Messrs.  James  Dunlop  &:  ('o.L  Ltd., 
Caltler})ank  Steel  Works,  was  undertaken  by  the  Scottish 
Boiler  Insurance  and  Engine  Inspection  Company,  Ltd.,  with 
the  following  results  ： ― 

、Vt、iglit  of  feed  water  per  hour    15,2801i>s. 

Tempera ture  of  feed  to  boiler   ,.  145°  Fah. 

Gauge  pressure    661bs.  per  sq.  in. 

Absolute  pressure    80'8olbs.  per  sq.  in. 

Total  moisture  in  the  steam    '030  per  lb. 

Temperature  of  saturation    312°  Fall. 


Total  lifnt  value  of  lib.  oi'  dried  luel    11,(300 

Pleat     tnm.sl'cm'd     to     w  iitcr  (tlionnat 

efficiency)    8,6-r>2 

Hc;it  <"rri"d  a  way  by  products  ot  com- 
bustioii    1,880 

Hoat  carried  away  by  excess  of  air    707 

Heat  lost  in  ovapoiatin*:  atul  s，ip'".lieatiiig 

nioislurc  mixed  with  fuel    138 

1 1  cat  lost  !>y  incoinplot*'  ('(>" 山' isti (川  

lira t  lost  hy  nnhunit  (arh("i  in  ash    18.'$ 

Jialance  of  heat  account,  errors  in  (山 va- 
tion  and  unmeasured  losses  sucli  as ― 
those  due  to  radiation,  escapo  of  unburnt 
livdiocarbons,  superheating  moisture  in 
air,  loss  in  hot  aslies,  (by  differ- 
ence)  ，  40 

11, GOG 


\i\-2 
01 


Heat  transmitted  per  sq.  ft.  of  heating  surface  per  liour 

Weight  of  fuel  Rred  per  sq.  ft.  of  grate  per  hour   

、V"iglit  of  dried  fuel  fired  per  sq.  ft.  of  grak'  per  hour  ... 

Water  evaporated  per  lb.  of  fuel  as  fired   

K<iuivalent  evaporation  from  and  at  212°  Fah.  per  lb. 

of  fuel  as  fired   

Water  evaporated  per  lb.  of  dried  fuel   

Equivalent  evaporation  per  lb.  of  dried  fuel  from  and 

at  212°  Fah  

Equivalent    evaporation   per  lb.  of   carbon  value 

of  fuel  from  and  at  212°  Fah  

Weight  of  feed  from  and  at  212°  Fah.  per  sq.  ft.  of 

lieating  su rf ace  per  hour   

Air  used  \wv  \U.  of  dried  fuel   

Ratio  ot  air  used  to  air  theoretically  needed  


11(J 
1-57 


9999 


B.Th.U. 
45-8Ibs. 
41-2lhs. 

7-  51bs. 

8-  21bs. 
8-411is. 

921bs. 

11-Glbs. 

901bs. 
l(32Ibs. 
l-391bs. 


A  BLASTFURNACE  STOCK  LINE  SHIELD. 

Many  devices  have  been  suggested  for  protecting  the 
inwall  of  a  blastfurnace  in  the  vicinity  of  the  stock  line. 
One  arrangement  which  has  given  satisfactory  results 
is  shown  in  the  illustration.  This  device  has  been 
patented  by  Frank  C.  Roberts,  Philadelphia,  and 
Albert  B  rod  en,  blastfurnace  superintendent  of  the 
Reading  Iron  Company.  As  indicated,  the  usual  brick 
inwall  is  displaced  for  a  distance  of  16ft.  below  the  top 
of  the  furnace  by  a  cylindrical  metal  casing  supported 
from  below  by  the  outer  metal  shell  of  the  fur- 
nace. The  metal  casing  is  arranged  to  support  wily 
its  own  weight.  The  charging  hopper,  &c.，  are  carried  inde- 
pendently by  the  furnace  shell.    The  upper  end  of  the  metal 


Metal  Shiixd  fob  Photixting  thi;  Inwall  of  a  HLAsTFuitN.\( 】 . 

casing  is  secured  to  the  furnace  shell  by  an  annular  w rough t- 
metal  diaphragm,  designed  to  allow  for  the  vertical  expansion 
of  the  casing  and  to  prevent  the  escape  of  gas  from  the 
furnace.  A  circular  spray  pipe  and  distributing  troughs  are 
located  on  the  outside  of  the  central  part  of  the  casing  to 
permit  of  external  water  cooling.  Protection  of  the  upper 
end  of  the  brick  inwall  is  afforded  by  castings  containing  coils 
of  pipe,  tli rough  which   water   is   circulated,  also  by  water 
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pockets  which  accumulate  the  water  of  the  cooling  system 
before  it  overflows  to  the  waste.  The  gas  (lownrom ("-  is  con- 
nected to  the  casing  hy  a  flanged  joint  so  designed  that  the 
casing  may  expand  vertically  without  disturbing  the  clown 
comer.  The  entire  casing  is  made  of  steel  castings  except  tlie 
upper  ring  wliicli  is  rast  iron.  The  rasing  is  heavily  ribbed 
and  handed.  A  series  of  openings  are  provided  t lirougli  the 
fimiace  shell  around  the  bottom  and  the  top  of  the  casing  ；  a 
rapid  air  circulation  takes  place  through  these  openings  and 
over  the  casing.  The  experience  of  the  Reading  Iron  Com- 
pany lias  demonstrated  that  air  cooling  is  sufficient  umler 
ordinary  conditions,  and  that  water  cooling  is  only  necessary 
in  emergencies.  Tt  is  essential,  however,  to  circulate  water 
continuously  through  the  coil  casting  that  protects  the  upper 
part  of  the  inwall.  The  company's  experience  witli  this 
design  of  protection  has  been  so  satisfactory  t liat  it  lias 
recently  contracted  for  a  similar  equipment  for  its  Cru，nw (山 I 
furnare  at  Emaus,  Pa. 


INDUSTRIAL  AND  TRADE  NOTES. 

British  Trade  in  China. ― The  Prcsi 山' lit  of  tho  Board  of  Tr;uh\ 
on  the  recommendation  of  the  Advisory  Committer  ou  Commercial 
Intelligence,  has  appointed  Mr.  T.  M.  Ainscou^li  to  be  a  Special 
Commissioner  to  enquire  into  the  conditions  and  prospects  of 
British  trade  in  China.  Firms  desirous  of  ('ommunic ；、 ting  、、- ith 
jNTr.  Ainsoough  on  the  subject  of  his  mission  should  address  letters 
to  him  care  of  the  Commercial  Intelligence  Branch  of  the  Board 
of  Trade,  73，  Basinghall  Street,  London,  E.G.  Mr.  Ainscough  will 
leave  England  before  the  end  of  the  present  month. 

Light  Railway. --The  Board  of  Trade  have  recently  confirnnHl 
tlie  undor-nieiitioned  Order  made  by  the  Light  Railway  Commis- 
sioners :  North  Staffordshire  Kailway  (Trentham,  Newcastle- 
uiHler-Lyme,  and  Silverdale  Li^ht  Railways)  Order,  1914，  authoris- 
ing the  construction  of  light  railways  in  the  county  of  Stafford, 
from  Trentham  to  Neweastle-uncler-Lyme  and  Silverdale,  witli  tho 
roroiistructioii  and  working  of  certain  branch  railways  of  the 
North  Staffordshire  Railway  Company  as  light  railways  under 
the  Light  Railways  Acts,  1896  and  1912,  and  for  other  purposes. 

Results  of  a  Profit-sharing  Plan. ― The  **  Engineering  News"  gives 
some  particulars  of  a  profit-sharing  scheme  put  into  operation  at 
the  beginning  of  1913  by  the  Clipper  Belt  Lacer  Company,  Grand 
apids,  Mich.  The  plan  actually  used  had  ！) een  tried  out  with 
success  the  year  before  in  one  department.  The  scheme  is  vory 
simple ~ the  factory  has  been  put  on  piecework  basis  with  an 
agreement  never  to  lower  the  piece  rate  ；  at  the  end  of  each  year 
all  employes  who  have  been  witli  the  company  one  yea r  or  less 
receive  5  per  cent,  of  their  annual  wa^es,  this  perccnta i^c  rising 
1  per  cent,  for  each  year  of  service  up  to  a  niaxii»uun  rate  of  10 
per  cent.  The  plan  is  contingent  on  sufficient  profits  of  the  con- 
cern. At  the  end  of  1913  it  was  found  that  $3,(KX)  was  availahlo 
for  distribution  ；  two  persons  received  the  10  per  cent,  maximum. 
The  yearTy  output  M  as  doubled  with  slight  increase  in  force  ；  the 
unit  cost  pf  product  was  reduced  9  per  cent,  and  the  average 
gain  to  employes  (over  ok)  day  wages)  was  19  per  cent.  The  plan 
is  to  be  continued. 

Locomotive  Tenders  ：  Successful  German  Competition. ― In  a  recent 
discussion  in  the  South  Africnn  Union  Pnrlinment  the 
Minister  of  Railways,  in  reply  to  a  question  as  to  whether  it 
Mas  the  case  that  a  lar^e  order  for  locomotives  and  coaches  had 
been  placed  in  Gei'inany,  said  that  orders  for  10  locomotives  and 
for  34  roaches  of  different  types  had  been  recently  plaood  in  (Jor 
many.  The  locomotive  tender  accepted  was  at  £'o,l(iU  per  online 
f.o.b.  Hamlturo;,  and  the  price  was  subse<|uently  increased  to  £''V」（"li 
owing  to  amendments  made  in  the  specification.  The  Minister 
quoted  the  tenders  of  iinsnceessf ul  competitors  tor  locomotives  a r.d 
poaches.  Of  these  one  British  firm  ten 山、 n'd  €(>,olo  f.o.b.  Glas- 
gow; the  prices  of  other  British  firms  raiigiiig  from  the  last  namt'd 
figure  to  £7,190.  The  lowest  British  tondtM-  w  as  Cf),-")1.">  tMi^ino 
f.o.b.  Glasgow.  The  difference  for  ten  engines  was  i'  L'^,. "")().  As  to 
the  coaches,  the  Minister  stated  that  the  tendors  i Deluded  the 
following  ：  A  continental  firm,  £80,948  f.o.b.  Antwerp  ；  an  Aim'ri 
can  firm,  £81,724  f.o.b.  New  York;  a  British  firm,  £82,100  f.o.b. 
Merse.v  ；  a  continental  ftrm,  £82,510  i'.o.l).  Hiuiibiirg  ；  anntlicr 
British  firm,  £83,525  f.o.b.  Birkenhead  ；  and  then  tl"'iv  、、  - 'iv 
tenders  ranging  to  British  firms  which  quottnl  L'llti,  17(i  i'.o.h. 
Birkonhead.  The  lowest  British  tender  was  £8'2. 100  i".o.l>.  、l(>i'.、,'v  • 
the  tender  accepted  was  £60，403  f.o.b.  Hamburg,  the  <litR'r- 
ence  being  £21,697. 

Trade  Circulars  and  Catalogues. ― We  have  received  from  R.  S.  Price, 
Ltd.,  12,  Norfolk  Street,  London,  W.C.,  illiistiiitcd  partictilar.s  ol 
the  lona  steam  turbine,  which  is  desigmnl  to  moot  tin1  (lt'iiiand 


tor  sum  1 1  powers  i'l'cini  J  li.p.  and  iipu  a  r<U,  niiiniiiu  aL  snitulili* 
-spp<'<ls  i'av  direct  ( ouplin^  to  tans,  pn'ssnif  l,lmui、.  "ii'l  miiii 
f，ig"l  pumps.  Tin*  tu  i  liini*  is  ot  tlx*  (,'•'•  |»r'  、、ii  r,'  sti-|i  iiiulti 
volocity  stage  typ<'  u  itli  rw'r、"（l  axial  Mow,  the  strain  i*xpa ruling 
a<lial)aLic;ill\'  in  tin-  no/yji-s  }  rom  tin-  initial  prosii  r«*  ol  tin-  ""|» 
valve  down  to  the  exhaust  pressure,  aftor  tho  principle  of  tin* 
Laval  mncliin*1.  l'，rom  ('lm、.  'I';ivl('r，  Ma  i  tlioloim-u  Str'-'-t,  Hit  - 
niin^liani,  catalogue  of  rota ry  cutting  f»ff  iii:"  l"n''.、  lor  <!t-;ilm^ 
with  l>a rs,  tulxvs,  A'c.  TIk-  m;"  l"ii''.、  ：i'v  mafic  i n  various  siz''、  iip 
to  as  la  r^o  as  Bin.  in  <liam''t«'r.  From  the  Malunn  1,'，' '"iioti  v«* 
Works,  IMiiladclpliia,  an  illustrated  liiilictin .  ^ivin^  particulars 
of  types  of  loKK'i'K  locomotives  w  liicli  a  it*  f*oiistrnct<*<l  lor 
special  classes  of  servieo  in  the  logging  industry,  wlicn* 
steep  grades,  sharp  curves,  and  m"'v('ii  tracks  ； in* 
often  pionouncod  i'c;i  tu  res.  Tin*  I',' "meti  、' -、  arc  mado 
for  a  variety  of  giuigt's,  and  iiu-tiul^  nearly  all  elaRscs  ot 
whool  haso,  and  also  otluws  of  tl"、  geared  truck  type.  From  、、'. 
Gi-opol  &  C'o.,  St.  Thomas  Str(»<»t,  I>ordon,  S. I v ,  a  、、： ,11  cnvt\  giving 
particiila rs  of  alnntiniiiin  (oiitliictors  witli  iiiiinttc  dflniK  f,l 
resistance,  w oi^lit,  &c. 

A  Plea  for  Nationalisation  of  Railways.  Mr.  I'jml  l)a、i»'、.  ncin 
of  the  Hailw  ay  Nationalisation  Society,  giving  pvi(l<'i"  i. 
tlio  Royal  C'omniission  on  Hailu  ays,  said  tlici-c  were  、',im'-  、（'rvif'*'s 
uhich,  from  their  nature,  had  come  to  l'〃  r('gar(l"d  as  hcinK  dis- 
tinct i'roin  ordinary  com morcial  n ndcrtakin^s,  in  that  tlu*y  -、 Imiihl 
1)6  operated  primarily  to  servo  social  needs.  He  ('oi:ti"""'(l  tluit 
railways  were  one  of  these  services.  The  nationalisation  of  rail 
ways  would,  he  said,  lead  to  uiiiforniity  of  clnir^c^.  ! n  every 
European  country  where  tho  railways  、、,'n'  worked  h\  tl"'  St;it*- 
there  was  one  uniform  charge  over  the  whole  、、、t'  Mi.  In  tin- 
United  Kingdom  there  was  no  uniformity.  He  cstiinatcM  t\\ni  to 
nationalise  the  railways  in  this  country,  at  2o  yours'  pm'(  li;i、*'.  i t 
would  he  necessary  to  issue  3  per  cent,  stock  of  tho  value  of 
£973,000,000.  This  would  mean  that  the  State  would  i 、-、 ii,'  、t'"  1、 
bearing  interest  of  £82,()00,(K)(),  and  acquire  property  Ijrinnin^  in  a 
profit  of  £52,000,000.  Witness  further  stated  that  ho  ('.、"m; 山 <l 
that  the  nationalisation  of  the  railways  would  result  i n  a  saviiiLr 
of  £10,000,000  a  year  in  working;  ox|)ciisrs.  a.s  -  tlierc  is  mk-Ii  ； i 
tremendous  waste  going  on  no、v.，，  With  n'^rd  to  season  tickets, 
the  witness  said  several  countries  issued  tickt»t.s  ()v('r  the  u  Iiolo 
national  system,  the  cost  of  which  was  U\ss  tliaii  that  of  a  s,':iMm 
ticket  between  Manchester  and  London.  The  or  din  a  ry  t;ir'、  <>m 
the  European  State-owned  railways  、、*iiv  ol)  jum*  cont.  less  than  on 
the  British  railways.  Nationalisation  would  moan  a  regular 
mileage  rate  all  over. 

The  Use  of  Pumping  Machinery  in  Egypt.  —  According  to  i  h'' 
April  issue  of  the  u  Journal  M  of  tli(、  British  ('haml)er  oi'  Com 
nierce  of  E^yi>t,  there  has  lately  been  ait  (exceedingly  lusivy 
demand  for  all  classes  of  pumping  machinery  in  E^ypt.  owing  to 
the  low  level  of  the  last  Nile  flood  :n  d  to  the  c-ortait.ty  that  tl""v 
would  he  a  short  supply  of  water  this  spring.  Tlie  (； m、'rmii,'iit  li;ts 
generally  refused  to  allow  pumps  to  be  set  rij>  either  on  the 
banks  of  the  Nile  or  canals.  Numorous  artesian  wells  have, 
accordingly,  been  sunk,  entailing  heavy  imports  of  g:ilv;i 
wrought-iron  pipes,  and  tho  demand  for  small  puni ps  has  also 
been  accentuated  hy  a  shoi'tu^o  of  draught  animals.  1  inportfis 
of  m.achinery  have  been  quite  unable  to   1"、 (卞  with  tlio 

demand  ；  local  stocks  wore  soon  exhausted,  and  tho  normal  atlvamv 
requirements  for  the  season  were  ear-marked  in  advance  for 
purchasers.  Kxceodin^ly  hoa vv  icpt^it  orders  、v('rt、  placed  with 
the  principal  mainifactm'ers,  and  iiitcnclin^  l»iiv,"s  hav^  foun<l  it 
difficult,  if  not  impossible,  to  obtain  do!iv*M y.  Tlu»  l)'isii"'»  l"i、 
not  been  confined  to  one  class  of  engine,  hut  has  iiu  lmltul  pumps 
driven  hy  steam,  semi-Diesel,  and  oil  cii^inc.s.  and  also  producer 
gas  engines.  The  size  of  the  units  most  in  doniand  \  arios  t  rnm 
10  b.h.p.  to  8(i  b.h.p.  for  tho  oil  engines,  (；  li.p.  to  10  li.p.  for 
single  cvliiidoi*  steam  on<iinos,  ;uul  S  h.p.  to  1(>  h.p.  for  coin- 
pound  steam  engines.  The  usual  lift  is  tliron^li  a  lumd  vaiyin^ 
from  40ft.  to  .10ft.  The  sizes  of  tlie  pipos  usod  for  tin*  artesian  wt^lls 
ai'e  Gin.  and  8i".，  d rilled  and  undrilloil.  It  is  not  likoly  that  tlu1 
demand  for  artesian  wells  and  pum ps  will  continuo  to  l>e  so  k，'，"i 
as  (lm'ing  the  last  few  inontlis,  hut  tho  native  cultivator  is  Immoim 
ing  enl  ghtened  as  to  the  advantages  of  l"、ing  altlo  to  fall  l»ark 
on  undor^roniul  water  、vl"、n  tlio  supply  i'roin  the  riv*»r  is  short, 
atul  tho  re  should  cdntimie  to  h?  a  steady  de\  olopincnt  in  this  direr- 
tion. 


Contracts  for  Electrical  Work.     Tho  Institution  oi"  I ' 
Engineers  has  issued  a   form   of   model    general  conditions 
recommended  for  use  in  ronnertion  with   contracts  for  elec- 
trical works.    The  conditions  a  re  revised  to  April,  191-1，  nnr! 
can  be  obtained  from  the  Institution,  at  one  shilling. 
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NEW  PATENTS. 

,、'/〃(  //"<〃〃'/"  of  fhe  follotnud  arc  n (nc  ]>uhlish nl,  and  ire  shall 
jtlnised  fo  for tnt nl  r"/〃Vs  post  free  on  rccfipt  of  Wd,  Address 
••  M  frhanical  A，/i!///'f  ''/'，，，  53,  New  Bailey  Street,  Manchester. 
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Oreonstroot. 


Furnaces  and  fuol  foodm^;  devices  therefor. 
C'onv*\vor.s  and  elevators.    Taylor.  2761. 
Ki  iction  clutches.    SIuikm-.  6552. 
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" tubes  (brazed)    0^d.  " 

"       " (solid  drawn)   7;<1.  " 

，，       " wire   7Jd.  ，， 

r'oppor.  Standard   £63/5/-  per  tnn. 
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Explosion  at  an  Ironworks. ―  A  serious  explosion  occurred  on 
the  8th  inst.，  at  the  Ayresome  Ironworks  of  Messrs.  Gjers, 
Mills  &  Co.，  Middlesbrough,  by  which  five  labourers  were 
more  or  less  seriously  injured.  One  of  the  furnaces,  it  is 
understood,  was  being  put  out  of  blast,  when  an  unexjiectpd 
fall  of  a  portion  of  the  contents  of  the  furnace,  whirli  liad  l>een 
hanging,  caused  an  explosion. 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown. 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 
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Internal  Strains  in  Cold-wrought  Mctak 

The  May  lecture  delivered  last  week  by  Prof.  E.  Hey  11  to 
the  Institute  of  Metals  011  the  effects  of  internal  strains  in 
cold-wrought  metals  will  be  read  with  deep  interest  by  all 
concerned  with  the  use  of  metal  for  structural  purposes.  Prof. 
Heyn,  who  holds  an  important  post  at  the  Technical  Institute, 
Charlottenburg,  lias  made  a  lifelong  study  of  the  sub- 
ject of  stress  and  strain,  and  his  paper  is  a  classic. 
That  serious  internal  stresses  often  exist  in  structural 
materials  is  known  in  a  general  way.  Their  existence  is  occa- 
sionally revealed  by  unexpected  and  puzzling  fractures,  and 
their  possibility  more  or  less  allowed  for  by  the  factor  which 
long  usage  has  designated  the  *'  factor  of  safety,"  but  which 
is  sometimes  humorously  and  more  aptly  described  as  the 
"factor  of  ignorance/'  for  there  is  no  doubt  that  if  the  engi- 
neer's knowledge  of  materials  were  more  perfect,  constructional 
ends  could  often  be  attained  with  greater  economy  and  possibly 
greater  safety.  A  good  deal  of  attention  has  been  directed 
during  recent  years  to  this  object,  and  the  metallurgist  and  the 
microscopist  have  in  manv  ways  shed  a  flood  of  light  on 
tlie  inner  structure  of  metals  and  the  play  of  forces  that 
constitute  strength  or  weakness.  Though  it  is  improbable 
that  the  nature  of  the  primary  forces  which  bind  tlie  mole- 
cules together  will  ever  be  thoroughly  understood,  the  reces- 
sion of  the  veil  does  add  to  our  knowledge,  and  enables  the 
engineer  to  practically  measure  and  control  them.  Prof. 
Heyns  address  was  mainly  concerned  with  the  description  of 
an  ingenious  method  of  analysis  of  the  internal  strains  that 
exist  in  a  plain  cold-wrought  】》etal  which  has  been  devised 
by  him  and  Prof.  Bauer,  and  as  most  structures  are  built 
of  wrought  or  forged  materials,  the  deductions  are  capable 
of  much  wider  application. 

That  cold  working  of  mcUls  incliu-es  severe  internal 
stresses  is  coimuou  experience,  and  it  requires  little  thought 
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to  realise  that  these  internal  stresses  may  be  so  serious  in 
magnitude  that  the  subsequenl  aj»|)liralion  of  external  for'.'' 
u t'  small  amount,  or  even  the  persistent  action  of  the  internal 
stresses  themselves,  may  result  in  fracture.  The  Rupert  drop 
is  a  familiar  illustration  of  the  way  in  which  material  may  be 
rendered  unstable  almost  to  the  point  of  failure  by  internal 
stresses  alone.  These,  which  are  produced  by  drops  of  molten 
glass  falling  in  water,  form  a  small  tadpole-like  structure,  the 
outside  of  which  sets  and  constitutes  a  hard  shell,  from  whicli 
the  interior  endeavours  to  contract  in  vain,  and  wliich  main- 
tains its  stability  of  form  by  the  balance  of  tensile  and 
compressive  forces  in  the  internal  and  external  layers, 
respectively.  So  great  are  these  forces  that  the  rupture 
of  the  tail  piece  causes  explosive  collapse  of  the  drop.  The 
old  type  of  blue  glass  water  gauge  is  another  example.  All 
boiler  attendants  who  have  had  '  experience  with  them  may 
be  aware  that  it  frequently  happened  when  a  glass 
was  renewed,  several  new  ones  might  fracture  in  quick 
succession  before  one  was  found  to  stand.  Though  not  gene- 
rally known,  the  cause  was  pretty  analogous  to  that  of  the 
Rupert  drop.  The  outside  of  the  tube,  when  manufactured, 
naturally  cooled  most  rapidly,  and  formed  a  circular  shell 
which  prevented  the  inner  core  contracting  as  much  as  it- 
otherwise  would  have  done,  and  so  set  up  in  it  a  severe 
internal  tensile  stress.  The  magnitude  of  this  depended  on 
the  rapidity  of  cooling,  or,  in  other  words,  the  amount  of 
accommodation  between  the  inner  and  outer  shells  of  the 
tube,  and  it  not  infrequently  happened  that  tubes  carelessly 
made  would  shatter  to  pieces  whilst  lying  in  stock ,  as  a 
result  of  the  intense  internal  stress,  or,  if  they  did  not  do 
this,  would  fail  as  the  result  of  some  slight  scratch  on  their 
inner  surface,  such  as  might  be  caused  by  drawing  a  bit  of  waste 
through  it  with  wire  to  clean  it,  as  a  boiler  attendant  would 
naturally  do,  without  suspecting  what  might  follow.  The 
"season  cracking  "  of  tubes  made  of  brass  and  other  copper 
alloys  is  a  similar  phenomena,  wliich  has  often  been  dis- 
cussed, and  for  which  many  mysterious  theories  have  been 
propounded,  though  after  Prof.  Heyn's  clear  exposition  of 
the  origin  of  these  failures  most  of  tlie  current  theories  will 
be  consigned  to  the  limbo  of  ignorance. 

Whilst  the  existence  of  internal  stresses  has  all  along 
been  recognised,  Messrs.  Heyn  and  Bauer  are  the  first  to 
devise  a  method  of  measuring  them,  and  thus  of  acquiring 
exact  knowledge.  Without  going  into  details,  which,  however, 
are  described  in  the  paper,  and  which  we  shall  reproduce  in 
full,  it  may  be  stated  that  the  method  consists  in  taking  a 
test  bar  and  carefully  observing  the  changes  in  length 
between  two  points  situated  near  the  ends  as  successive  layers 
are  turned  off.  If  the  distance  remains  unchanged  the  bar 
is  free  from  longitudinal  internal  stress,  but  if  it  alters  it 
is  as  a  consequence  of  the  disturbance  due  to  the  movement 
of  the  material,  and  by  simple  mathematical  reasoning  the 
magnitude  of  the  stresses  can  be  deduced.  The  principle  is 
simple,  but  the  value  of  Prof.  Heyn's  paper  lies  in  the 
valuable  deductions  made  from  actual  tests,  whicli  we 
would  commend  to  the  careful  perusal  of  all  who 
are  interested  in  the  subject.  The  first  case  wliich 
gave  the  impetus  to  】iis  researches  was  the  cracking  of  some 
steam  turbine  blades,  made  of  】iigli  per  cent,  nickel  steel. 
The  blades  were  of  crescent  section,  and  reduced  to  their 
final  shape  by  cold  drawing.  Investigation  of  test  bars  of 
similar  material  by  the  method  described  revealed  the  ex  tent- 
to  which  internal  stresses  had  been  set  up,  especially  in  the 
neighbourhood  of  the  sharp  edges   of    the  crescent  section, 


where  it  was  shown  that  the  internal  stresses  were  not  inucli 
inferior  to  the  ultimate  tensile  strength  of  the  steel.  (J nee 
an  exact  method  of  measuring  internal  .stress  is  devised  it  is 
easy,  of  course,  to  make  comparative  observations  of  the 
effect  of  different  treatments,  such  as  ham mering,  rolling, 
drawing,  annealing,  &c"  and  the  flood  of  light  throwji  on 
these  is  most  instructive,  not  only  to  the  research  worker  in 
the  laboratory,  but  to  the  practical  man  who  is  more  imme- 
diately concerned,  or  thinks  he  is,  with  the  avoidance  of 
troubles  and  defects  than  with  the  scientific  reasons  for  them. 
The  paper  is  another  of  the  many  striking  illustrations 
which  have  been  afforded  during  recent  years  of  the  way 
in  which  the  scientific  worker  may  be  helpful  to  the  practical 
constructive  engineer. 


TRIPLEX  ARTICULATED  LOCOMOTIVE  FOR  THE  ERIE 
,  RAILROAD. 

The  Baldwin  Locomotive  Works  has  recently  completed  for 
the  Erie  Railroad  a  locomotive  for  pusher  service  wliich  de- 
velops a  tractive  force  of  160，0001bis.，  and  is  by  far  the  most 
powerful  unit  yet  built.  This  capacity  is  secured,  not  by 
using  excessive  wheel-loads  or  a  rigid  wheel-base  of  unusual 
length,  but  by  placing  driving-wheels  under  the  tender  and 
thus  making  the  weight  of  the  latter  available  for  adhesion. 
In  heavy  grade  work  especially,  the  weight  of  the  tender 
detracts  materially  from  the  neb  hauling  capacity  of  a  loco- 
motive of  the  usual  type  ；  while  in  this  case  the  tender  is  used 
as  a  means  for  increasing  the  hauling  capacity.  We  are 
indebted  to  our  American  contemporary,  "  The  Railway 
Review,"  for  the  following  particulars  of  this  interesting  loco- 
motive, which  has  been  built  in  accordance  with  patents 
granted  to  George  R.  Henderson,  consulting  engineer  of  the 
Baldwin  Locomotive  Works. 

The  wheel  arrangement  is  2-8-8-8-2,  the  third  group  of 
driving  wheels  and  the  rear  truck  being  placed  under  the 
tender  section.  The  six  cylinders  are'  all  of  the  same  size, 
two  acting  as  liigh  pressure  and  four  as  low  pressure.  The 
two  high-pressure  cylinders  drive  the  middle  group  of  wheels. 
The  right-hand  high-pressure  cylinder  exhausts  into  the  two 
front  cylinders,  and  the  left-hand  high-pressure  cylinder  ex- 
hausts into  the  two  rear  cylinders.  This  arrangement  is  there- 
fore equivalent  to  a  compound  engine  having  a  ratio  of 
cylinder  volumes  of  one  to  two. 

The  boiler  has  a  conical  connection  in  the  middle  of  the 
barrel,  and  is  fitted  with  the  Gaines  type  of  furnace.  The  fire- 
box has  a  total  length  of  13ft.  6in.，  and  of  this  the  grates 
occii]>y  10ft.  A  combustion  chamber  54in.  long  extends  for- 
ward into  the  boiler  barrel,  and  the  tubes  have  a  length  of 
24ft.  The  brick  arch  is  supported  on  six  3^in.  tubes,  and 
heated  air  is  delivered  under  tlie  arch  by  seven  3in.  pipes 
wliich  are  placed  vertically  in  the  bridge  wall.  There  are  two 
firedoors,  placed  32|in.  between  centres,  and  a  Street  mechani- 
cal stoker  is  applied. 

The  barrel  of  this  boiler  measures  94in.  diam.  at  the  froiti 
end  and  102^in.  at  the  dome  rii，g.  The  centre  line  is  placed 
10ft.  7in.  above  the  rail.  The  circumferential  seams  are  triple 
riveted,  while  the  longitudinal  seams  have  sextuple-riveted 
butt  joints,  which  are  welded  at  the  ends,  and  liave  an 
efficiency  equal  to  90  per  cent,  of  the  solid  plate.  The  dome 
is  of  pressed  steel,  33in.  diam.  and  13iu.  liigli.  It  contains 
a  Chambers'  throttle,  which  is  connected  with  the  super- 
heater header,  in  the  usual  manner,  hy  an  internal  dry  pi】"'. 
The  superheater  is  composed  of  53  elements,  and  is  the  largest 
ever  applied  to  a  locomotive,  the  superheating  surface  being 
L584  sq.  ft.  The  header  is  divided,  separate  castings  being 
used  for  the  saturated  and  superheated  steam  sections.  Tlie 
front  end  contains  a  single  exhaust  nozzle,  with  a  ring  blower. 
The  size  of  the  nozzle  can  be  varied  by  a  simple  adjusting 
device  placed  outside  the  smokebox.  The  stack  is  22in. 
diam.,  and  it  has  an  internal  section  、vl"('li  extends  .down 
to  tlie  centre  line  of  the  boiler. 

The  superheated  steam  is  conveyed  to  tlie  liigli-pressure 
cylinders  through  outside  pipes,  and  the  high-pressure  distri- 
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Imiion  is  controlled  l>y  1  Gin.  [)ision  vn  1  \?'s，  ； i rr;i n^cd  lor 
inside  admission.  Similar  valves  arc  ； i|>|>li('(l  (o  the  low 
pressure  cylinders.  These  valves  are  all  driven  l>y  I5al"'r 
gears  and  the  three  sets  of  motions  ； ire  con!  rolled  si  mu  1- 
taneously  by  the  Ilagonnet  power  reverse  niocli;iiiisrii.  All 
six  cylinders  are  cast  from  the  same  patterii,  and  t.li('  valve 
motion  and  driving  gear  details  used  with  t  lie  \  lirct*  groups 
of  wheels  are  as  fa r  as  possible  i ntcicliaii^ivibh*.  A  larg" 
number  of  these  details  also  int (！ rcluui^t*  with  1  hose  of  the 
heavy  Mikado  type  locomotives  in  service  on  t li is  road. 

Among  the  details  of  the  driving  gear  may  be  inenl  idiic*! 
the  pistons,  all  six  of  which  are  alike.  The  piston  heads 
are  steel  forgings,  of  dished  shape,  and  each  is  suiTounded 
by  a  cast-iron  bull  ring.  「l，lie  hull  ring  carries  three  pack- 
ing rings,  and  is  secured  to  the  piston  head  by  a  retaining 
ring  which  is  electrically  welded  into  place.  The  cylinders 
and  steam  chests  are  bushed,  and  these  bushings,  as  well  as 
the  piston  and  valve  packing  rings,  are  of  Hunt-Spiller  metal. 

The  pipes  connecting  the  high  and  low-pressure  cylinders 
are  constructed  like  the  flexible  pipes  in  a  Mallet  locomotive. 


Tli"  arraii^(Miu*.iil  of  starting  v.'ilv*'  u>uallv  '"'| 山 I'v  1  lie 
l)i"l<lt'rs  to  Mallet  loroinolivcs  i.、  i 卜 c'l  on  tins  «'iij/u"'，  <*xrc|it 
that  in  the  present  casfi  live  Hteam  is  admitted  to  four  low- 
pressure  cylinders  instead  of  two.  The  admission  of  Hteam  is 
controlled  hy  a  nianually-operatetl  valve  in  the  (•;"'. 

This  locomotive  marks  an  "ib'r'-st i，i"'  step  in  the  f"'v'l(,|, 
meat  of  heavy  power  for  freight  service.  The  cHiri^ncy  of  a 
locomotive  for  slow,  heavy  work  is  measured  largely  l»y  the 
proportion  of  tlie  total  weight  that  is  n vailal>I*i  for  ;"ll"'sioii  ； 
and  in  tins  respect  the  present  l(wiotivt，  excels.  A l»out 
90  per  cent,  of  the  total  weight  is  carried  on  tli''  driving 
wheels,  as  against  approxirnatcly  per  cc\i\ .  in  ； i  M aIU*t 
locomotive  of  the  2-8-8-2  type,  including,  in  the  latter  r; 卜 ''， 
the  weight  of  the  separate  tender.  The  leading  features  of 
this  locomotive  are  indicated  in  the  following  table  ： ― 

Type   2-8-8-8-2 

Service   Puslier. 

Cylinders  (six)   36in  by  32in. 

Valves   16in.  piston 


Triplex  Articulated  Locomotive  foii  the  Erie  Railuoad. 

The  high-pressure  cylinder  saddle  lias  cored  in  it  two  pas-  Valve  gears    l"l《er 

sages,  one  of  which  conveys  the  exhaust  from  th.e  right-hand  Tractive  power  160,0i)()ll>s. 

cylinder    to    the    front    receiver    pipe,    while    the    other  Boiler,  type  bonical 

conveys  the  exhaust  from  the  left-hand  cylinder  to  the  back  Mhi，   diameter  Mlm 

receiver  pipe.    The  front  cylinders  exhaust  up  the  stack  in  Workina  presMm:                                      .'). 卜 

the  usual  manner,  while  the  exhaust  from  the  rear  cylinders  ,            .      、-                        '二… ；"， 

is  discharged  up  a  pipe  placed  at  the  back  end  of  the  tank.  Fl#f  BH' 删 ^9    〉•  " 

Between  the  rear  cylinders  and  the  exhaust  pipe  is  placed  Grates,  size    ..108in.  by  12<>in. 

a  feed-water  heater,  through  which  the  exhaust  steam  passes.  Grate  area    tt. 

The  heater  consists  of  a  long  drum,  traversed  by  small  tubes.  Kind  of  fuel   Soft  coal 

The  drum  has  connection  with  the  tank  through  a  suitable  Tubes,  number  and  diameter   326 —— 2]in. 

valve,  and  the  exhaust  steam  passes  through  the  tubes.    The  Flues,  number  and  dianielei-    ：>  ；    ：,  ',in. 

liot  feed  from  the  drum  is  forced  into  the  boiler  by  two  Length   '」— "t. 

pumps,  which  are  driven  from  the  crossheads  of  the  high-  Heating  surface,  firebox  '― 、'卜 ft. 

pressure  engine.    Two  injectors  are  also  used,  and  they  draw  Combustion  chamber   los  M|.  ft. 

cold  feed  water  from  the  front  end  of  the  tank.      The  pump  Tubes  and  flues  .6,418  sq.ft. 

and  injector  checks  are  placed  on  the  top  centre  line  of  the  Arch  tubes   ，  88  s(|  ft 

boiler  near  the  front  end.  Total   -.. …：. .」:::::::::::::.:::::6 卿  ft. 

The  tender  section,  as  far  as  frames,  wheels,  equalisation,  Superheating  surface    i '5^  |  S(,  ft 

and  driving  gear  are  concerned,  is  arranged  like  a  steam  loco-  Driving  wheels,  diameter  •」..: ..... 

motive.    The  articulated  connection  between  the  middle  and  Journals       ....                           llin    bv  13  ，  m 

rear  frames  is  placed  under  the  cab,  and  between  the  rear  cylin-  Truck  wheels,  front,  diameter '     IW  ni 

ders.    The  radius  bar  on  the  middle  frames  makes  a  ball-  Journals    6in  by  lr,m 

jointed  connection  with  the  hinge  pin.    A  similar  connection  Back,  diameter  .....  ... 

is  provided  between  the  middle  and  front  frames,  and  in  this  Journals  9in   bv  14in 

case  the  radius  bar  is  pinned  to  the  front  frames  in  sm'h  a  Weiglit  on  drivi '下、 7l,"">。||,、' 

way  as  to  allow  vertical  flexibility.    The  frames  are  vanadium  Total  engine,  estimated                       830  000ll>. 

ste^l  castings,  6111.  in  width.    Each  is  made  in  one  piece  Wheel  base,  driving   7itt  t;j„ 

with  a  single  front  section  to  which  the  cylinders  and  saddle  Rigid,  each  group                                16ft  *;m 

are  keyed  and  bolted.    The  front  group  of  wheels  is  arranged  Total,   .  ",Ut 

wifh  a  continuous  equalisation  system,    the   leading    truck  Tender ― 

being  centre-bearing  and  equalised  with  the  driving  wheels  as  Capacity,  water                                   10  unit  t,'dl、 

1,1  a  Consolidation  engine.    The  second  group  of  wheels  has  Capacity,  coal    卜 

a  continuous  equalisation  system  on  each  side  of  the  lommo- 

tive.    In  the  rear  group,  the  equalisation  is  broken  between  ~ *   

the  second  and  third  pairs  of  driving  wheels.    The  rear  tru.k,  Disastrous  Explosion  on  a  Liner.-Seven  men  were  killed  and 
丄？ 广       , ，，OUtSld， 杉 urnals，  ia     several  injured  on  the  L2th   inst.,   by   an   explosion  in  the 
equalised  with  the  two  rear  pairs  of  driving  wheels.                 engine  room  of  the  old  Dominion  linor      .iHlVi-o,, - 
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HIGH-POWER  DIESEL  ENGINES  ：  THEIR  DEVELOPMENT  FOR 
MARINE  SERVICE,* 

BY  JAMES  RICHARDSON,  B.SC,，  A.M. INST. C.E. 

(Conv! iic/ed  from  page  JfoJ^.) 
Com  pressors  and  Fit  el  Injection. ― There  is  no  doubt  that 
with  the  Diesel  oil  engine  the  compressor  required  for  the 
supply  of  the  highly-compressed  air  necessary  for  the  injection 
of  the  fuel  has  been  a  source  of  very  considerable  trouble, 
due  to  the  conditions  of  continuous  running  imposed  by 
marine  service.  These  difficulties  have  been  lessened  by  the 
substitution  of  3-stage  for  2- stage  compressors,  and  in  other 
cases  by  the  adoption  of  two  compressors  for  each  engine  to 
supply  the  necessary  air.  The  greatest  care  is  essential  in 
the  design  of  valves.  The  minimum  amount  of  lubrication 
must  be  supplied,  and  the  cooling  of  the  air  during  and  after 
compression  must  be  all-efficient.  These  difficulties  have  led 
some  designers  to  develop  and  apply  to  4-cycle  engines  a 
system  whereby  the  fuel  is  delivered  to  the  main  cylinder  in 
a  sufficiently  finely  divided  state,  without  the  aid  of  com- 
pressed air,  and  this  system  goes  by  the  somewhat  erroneous 
name  of  "solid  fuel  injection." 

The  figures  in  Appendix  I.  show  that  no  gain  in  economy 
with  2-cycle  engines  is  to  be  anticipated,  and,  added  to  this, 
the  following  may  be  stated  :   (1)  Owing  to  the  more  raj  ml 


is  supplying  the  fuel  for  the  combustion  stroke  of  enormous 
power，  cannot  be  contemplated,  and  multiple  valves  sliould  1m: 
adopted.  (See  Fig.  1.)  Safety  valves,  generally  fitted  to 
combustion  spaces,  do  much  to  relieve  the  dangers  of  exces- 
sive pressures,  but  more  than  this  is  required.  Table  VI. 
gives  compressor  capacities  in  cubic  feet  per  brake  horse- 
power per  hour,  for  a  number  of  engines,  and  shows  how  tlic 
sizes  of  this  unit  varies  with  the  type  of  engine,  method  of 
fuel  injection,  and  margin  desired  for  cliargiug  the  startiji^ 
reservoirs. 

Valve  Gears. ― The  design  of  valve  gears  does  not  present 
any  grave  difficulty,  and  although  to  the  uninitiated  tli'' 
appearance  is  that  of  great  complication ?  yet  these  jjarls  n  re 
neither  subject  to  pressure  nor  temperature,  and  each  li^s  a 
very  definite  function.  The  designer  first  determines  the 
conditions  to  be  satisfied  by  the  valve  gear,  and  the  diagrams 
(Figs.  45  and  46)  show  those  demanded  in  the  past,  whereas 
tliat  of  the  future  will  probably  follow  the  lines  indicated 
in  Fig.  47,  where  i] ot  only  does  the  starting  air  gradually 
cut  out  and  the  fuel  gradually  cut  in  one  cylinder  at  a  time, 
but,  in  conjunction  with  the  augmentation  of  the  lift  of  the 
fuel-injection  valve,  the  fuel-injection  pumj)  is  propor- 
tionately put  into  action.  The  disadvantage  of  this  method 
is,  of  course,  when  it  is  desired  to  cut  out  two  and  three 
cylinders  for  the  purpose  of  running  at  reduced  speeds.  This 
cannot  be  done  with  the  valve  gear,  but  requires  a  separate 
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combustion  required  with  the  2- stroke  cycle  engine  during  its 
v(  vy  much  shorter  working  stroke,  as  compared  with  the 
4-cycle,  i.e.,  combustion  must  be  complete  before  the  exli;i  ust 
ports  open,  whereas  with  the  4-stroke  cycle  engine,  the  com- 
bustion may  go  on  even  slightly  after  the  bottom  dead  centre 
without  causing  a  bad  exhaust ― this  system  is  more  appli- 
cable to  4-cycle  engines  than  to  2-cycle  engines.  (2)  The 
injection  of  the  fuel  must  be  timed  to  take  place  much  more 
accurately  at  the  desired  point  than  is  necessary  with  com- 
pressed air  for  fuel  injection.  (3)  Regulation  for  slow  run- 
ning is  difficult  to  effect  without  elaborate  timing  and  variable 
lift  devices  on  the  fuel  injection  valve.  (4)  The  complications 
of  the  compressor  are  only  eliminated  at  the  expense  of  a 
considerable  complication  to  the  fuel-injection  pump  with 
its  valves,  &c"  and  the  high  pressure  at  which  the  fuel  must  be 
delivered,  some  2,0001bs.  per  square  incli,  gives  rise  to  further 
difficulties.  (5)  In  changing  from  one  fuel  to  another, 
troubles  may  be  encountered  in  adjusting  the  delicate  injec- 
tion devices  to  accommodate  the  different  properties  of  the 
new  fuel.  (6)  The  starting  medium  so  far  adopted  for  Diesel 
oil  engines,  other  than  some  types  for  submarines,  is  com- 
pressed air,  and  for  this  a  compressor,  at  anyrate,  is  neces- 
sary. (7)  Initial  warming  to  a  considerable  extent  is  neces- 
sary with  the  densest  fuels,  at  the  present  time  easily  utili- 
sable  with  compressed  air  injection. 

For  large  cylinders,  undoubtedly  the  possibility  of  "  stick- 
ing," damage  or  breakdown  of  the  fuel  injection  valve  which 

*  Paper  read  before  the  Junior  Institution  of  Engineers,  April  20th,  1914. 


gear.  To  cut  out  individual  cylinders,  to  cut  out  groups  of 
cylinders,  and  to  vary  the  lifts  of  individual  fuel-injection 
valves  and  the  fuel-injection  valves  for  groups  of  cylinders ― 
to  satisfy  all  these  conditions  undoubtedly  calls  for  the 
greatest  ingenuity,  but  is  not  by  any  means  an  insuperable 
difficulty. 

Startuaj. ― The  means  universally  adopted  of  starting 
marine  Diesel  oil  engines  of  large  power  is  compressed  air, 
primarily  because  this  medium  is  the  most  convenient.  So 
far,  except  with  solid  fuel-injectiun  engines,  a  compressor  is 
a  necessary  part  of  the  main  engine  (although,  of  course,  it 
can  be  separately  driven)  to  supply  Hie  compressed  air  neces- 
sary for  the  injection  of  the  fuel  into  the  working  cylind e r  in 
that  finely  divided  state  required  for  suitably  quick  Ignition 
and  combustion.  By  assigning  to  this  compressor  a  capacity 
slightly  greater  than  that  required  for  the  full-power  injec- 
tion of  the  main  engine  (see  Table  VI.),  a  margin  is  always 
available  for  recharging  the  stoi'w ―、  of  air  to  be  used  for  sul> 
sequent  starts.  In  considering  merely  the  storage  of  that  ； iir, 
the  questions  of  capacity  and  pressure  m ust  be  decided.  The 
limits  of  pressure  are  between  the  lowest  pressure  at  which 
the  engine  will  start  with  a  sufficient  degree  of  certaiuty,  and 
the  pressure  at  which  the  safety  valve  on  tlie  liigl 卜 pressure 
side  of  the  compressor  is  set  (as  determined  by  the  injection 
pressure).  In  practice,  these  are,  roughly,  between  3001bs. 
and  l,0001bs.  per  square  inch.  The  great  majority  of  svsttMiib 
of  starting  2-cycle  engines  work  with  the  air  at  (lie  higher 
pressure,  as  this  necessitates  considerably  lower  storage  capa 
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city  and  less  complication  to  the  engine  valve  gear  by  way 
of  relieving  compression.  Throttling  the  suction  in  the  main 
engine  is  applied  to  4-cycle  engines. 

It  may  be  stated  that,  with  the  except  ion  of  starting  l>y 
means  of  low-pressure  air  in  the  scavenging  pumps,  1  ho  low 
pressure  system  is  applied  only  to  4-stroke  cycle  engines. 
The  disadvantages  of  compressed  air  as  a  starting  medium 
are  considerable,  in  view  of  tlic  higli  pressure  and  the  con- 
sequent difficulties  of  safe  storage.  Muit;,l 山' sulxli vision  and 
duplication  give  immunity  from  complete  loss  due  to  a n v 
misadventure,  but  the  cost  is  somewhat  excessive.  To  this 
end  it  is  desirable,  whilst  remembering  all  the  aforementioned 
conditions  of  safety,  to  reduce  the  starting-air  storage  to  a 
suitable  minimum. 

The  curve  shown  in  Fig.  48  shows  the  starting-air  storage 
for  a  number  of  cases,  chiefly,  as  will  be  seen,  for  2-st  roko 

Table  V  I . —  .1/〃/  //〃' 


for  low-pressure  systems.  Per  unit  weight  of  air,  tlie  low- 
pressure  system  gives  a  greater  nuniber  of  starts. 

The  ad vantii^e  ol'  the  low-pressure  、v、t'm  is  tlie  sim- 
plicity of  tlie  reservoirs,  which  may  be  made  of  ordinary  boiler 
form  and  const  vuri  [ont  innkin^  1  lius  for  clifitjiiK*—  and 
increased  safety.  Either  a  .sej>arate  coinpr* -、 sm-  must  l><?  |,m 
vided  for  this  low-pressure  air,  or  ?irraii^<*mcnl -  m;""'  to  tak<* 
it  from  the  main  compresnor,  wlii<'li,  without  adopting  souk* 
system  of  regulation  entailing  roiMpliration ,  means  iliat  tlie 
num})er  of  compressions  as  subdivided  between  the  varif 川 
stages  is  upset. 

In  future,  the  starting-air  storage,  whether  hi^li  or  low 
pressure,  will  undoubtedly  be  reduced  when  :   (1)  The  con 
fidence  of  experience  is  established  ；  (2)  the  regulation  of  tlie 
fuel  is  so  made  that  the  chances  of  an  engine  failing  to 
pick  up  on  fuel  immediately,  due  to  any  derangement  of  tlie 

En  (fine 《 1o  ///  /〃''.、•."〃、■. 
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(L'nli*HH  0H1'     卜 '- 
stat<"d  tlie  ('(iliipnti- 
sore  arc  drivrn  from 
the  viuV  of  tli«*  (."ii* 
giiic  crank  shnft.) 

H.P.  Stage. 

i.r.  Sta«<>. 

Stu«e. 

Ty)>e  of 
Engine. 

fq 

-- z 

y  > -. 
o 

• 

Did.  of 
(.'jliinU'i' 

Stroke. 

=5  % 

Din. in 
inches 
nncl 

i 

in 
inches 
and 

Dia. in 
inches  and 
111/111. 

>~  i>i  ( 'Ki- 
in 
inches 
and 
m/m. 

Din. in 
inches  and 
m/m. 

in 
inchuH 
find 
in/in. 

一50 山 1 

4-Cvci.i;. 

i 
l 

ti()0 

j  50 

>)•)•>  ill  /  ill 

77(1  )n 

1  1  >  '    III  /  Ml 

Q  .Q(5 

1 

3 .5 

1  1 

9_3  .5 

II" 

18  *9 

1  1 

182 

18-2 

Driven  by  Vuika  from 

21* 

engine  cto8hIicu(I. 

1  ruiik  ]>iston 

A 

•t '  in  /  in 

•  '  1  '  '    111/  1  M 

2  .gfi 

1" ,  in  /  111 

in 

Ai/U 一 JA/  III /  III 

1 1  *4 

18 '8 

Links    from  engine 

17-7 

•JO  -07 

3-54 

11  -4-:J-54 

connecting  rod. 

，， 

(yubmarinc) 

350 

6 

500 

11-4 

11-8 

•33 

4  stage 

1-94 

8*6 

1st  I.I1.  r"4- 

6-45 

9-4-1  -! U 

165 

28-2 

2  stages  from  crank- 

1 

2-8 

shaft.  2  stages  from 

2nd  I.【'.-2'8i 

levcrn  from  connect* 

ing  rod  of  compresHor 

5 

Trunk  jitstoii 

200 

6 

240  m/m 

：{«>()  !i)/m 

•575 

2 

55  m/m 

7'0!) 

― 

― 

180-55  m/m 

7*09 

48-5 

Ilea  veil  compressor. 

!l-44!t 

14-17 

2-16 

7-09-2-16 

t3 

100 

4 

530 

7-87 

9-05 

•264 

1 

2-2 

4 -64 

― 

― 

7-75-2-2 

4-04 

(>2 

37  •'— ' 

300 

3 

175 

440 

640 

3-48 

2 

05  m/m 

270  m/m 

220-65  m/m 

'270  in /in 

58 

34-8 

17-32 

25-19 

2-55 

10-63 

8-G0-2-55 

10-03 

2-Cyclb. 

22 

(  'ru-sslicad … . 

1600 

6 

i:to 

20 

36-2 

6-55 

1 

10" 

14" 

1(T 

19-5 

438 

10-4 

Ucavcll  ({uadruplcx. 

23 

1250 

150 

20 

30 

5-45 

550 

2(i-4 

24 

1000 

4 

140 

550  m/m 

31  -5 

6-7 

2 

90 

300  m/m 

430-380 

.資 m/m 

4；{()-90 

300  m/m 

408 

24-48 

21  -65 

3-54 

11*8 

16 -9-14 -96 

11-8 

16-9-3  -54 

11-8 

25 

Trunk  jiistoii 

1000 

4 

150 

550  m/m 

80(»  m/m 

6-7 

I 

160  m/m 

500  m/m 

470  m/m 

500  m/m 

406 

24-4 

21*65 

31-5 

r"2!m 

H)-68 

L8-5-6  -299 

L9-68 

26 

Stepped  piston 

000 

6 

260 

14" 

23 

2-06 

2 

4-5 

17 

11-5-4-5 

17 

225 

30-0 

27 

Trunk  jtiston 

900 

4 

234 

450  ni  /m 

560  m/m 

1 

80  m/m 

細 m/m 

410-372  m/m 

細 m/m 

410-80  m/m 

360  m/m 

376 

25 

17-7 

22 

14-17 

16*1-14  •"■-> 

14-7 

16-1-3-15 

14-17 

'-"» 

Cross  head     . . 

850 

4 

HO 

470  m/m 

680  m/m 

4-15 

1 

100  m/m 

400  m/m 

2G0-IOH  in  mi 

14-7 

420-69  m/m 

600  m/m 

405 

28-0 

Balanced     lever  ar* 

18-5 

26-77 

3-93 

15-74 

10-23-3-93 

IG-53-2-7 

raugemcnt. 

31 

750 

4 

If)0 

500  m/ra 

700  m/m 

4-85 

320 

25 -G 

19-68 

27  -56 

Double  piston 

6M» 

3 

ISO 

390  m/m 

450  m/m 

3-7fi 

I 

19 

16*5-4-75 

19 

388 

36-0 

15-35 

17 '7 

33 

Ci  osshead     . . 

500 

4 

170 

400  m/m 

650  m/m 

2-88 

2 

：5 

11-5 

22-5-3 

1L  -5 

1：{(> 

31-2 

Driven  by  links. 

15-75 

25-(> 

•M 

500 

4 

150 

430  m/m 

010  m/m 

2-8 

2 

7(1  m/m 

225 

340-300  m/m 

225 

70  m/m 

•J "J.")  m  in 

206 

24-8 

16*9 

24-02 

2-76 

13-39-11-8 

13-39-2-76 

88-H 

3ii 

Trimk  jiistou 

500 

6 

:ilo 

12-25 

15*375 

1  -05 

L 

12-G 

L3  -2-4-4 

12  0 

21b 

33-0 

30 

440 

4 

215 

13*78 

19-7 

1-7 

2 

2-34 

15 '8 

7  -2-1 -98 

15-8 

148 

20  -2 

37 

380 

4 

250 

310  m/m 

4<m  in  in 

1-22 

i 

2-75 

9-85 

7  -08-2  -75 

9-85 

,3.77 

218 

34 '0 

.Balance  lever  arrange- 

12-2 

18-11 

mcnt. 

38 

Stuppcd  jiistnii 

325 

6 

500 

250  m/m 

270  m/m 

•46 

I 

75  m/m 

180  m/m 

250-75  m/m 

180  m/m 

140 

25 '8 

9-8 

10-6 

2  -95 

7-09 

9-8-2-95 

7-09 

40 

Trunk  piston 

260 

4 

250 

290  m/m 

430  m/m 

1-0 

65 

330 

21o 

330  m/m 

06 

22-2 

Scavcugiug  pumps  uud 

11-4 

16-93 

2-56 

1.1 

8*46 

13 

compressor  grouped . 

42 

Stepped  piston 

150 

6 

600 

7 

9 

2-40 

1 

2-4 

9， 

7  -5-2  -4 

9* 

103 

41-2 

cycle  engines,  as  indicated  by  the  full  dots,  as  against  the 
others  for  4-stroke  cycle  engines.  Against  all  the  points  is 
indicated  whether  they  are  for  a  high-pressure  or  a  low- 
pressure  system,  and,  in  the  case  of  low-pressure  systems,  1  lie 
pressure  of  the  system.  Further,  the  number  of  starts 
specified  or  attained  is  also  added  above  many  of  the  ])oint s. 

It  might  be  contended  that  the  starting-air  storage  should 
not  be  equated  against  a  brake  horse-power  basis,  but  rather 
against  a  main  engine  cylinder- volume  basis  ；  but  the  autliorV 
experience  is  that  the  normal  speed  of  revolution  of  the 
engine  is  a  factor  of  importam'e,  and  imist  he  included  l»v 
equating  storage  against  brake  horse-power.  Furthor  jusfiti- 
cation  for  the  method  adopted  is  found  in  the  mainier  in 
which,  generally,  the  points  seem  to  follow  a  definite  line, 
and  the  starting-air  storage  works  out  at  from  O'l  to  0"2 
cub.  ft.  per  brake  horse-power  for  20  to  30  starts  specified 
for  high-pressure  starting,  and  about  0  25  to  0  35  cub.  ft. 


fuel-injection  pump  valves  or  to  any  air  iu  the  fuel-pu nip 
passages  or  pipes,  is  niininiised  ;  (3)  if  some  system  of  prelimi- 
nary warming  up  of  the  engine  be  adopted. 

This  last  clause  is  by  far  the  most  important  of  the  tliree, 
as,  due  to  the  slow  compression  at  a  low  nuniber  of  revolu- 
tions, a  considerably  greater  amount  of  heat  passes  from  tlie 
cylinder  walls  from  the  air  being  compressed  in  the  main 
cylinder  than  will  normally  be  tlie  case,  so  that  from  tliis 
cause  the  compression  temperature  does  not  reach  the  normal. 
Further,  the  expansion  of  the  starting  air  into  the  working 
cylinder  from  approximately  the  starting  air  pressure 
throttled  to  the  exhaust  pressure  or  that  of  the  atmosphere, 
cools  down  the  whole  cA'liiuler,  and  so  further  aggravates 
this  starting  dillioulty. 

The  heating  up  of  the  starting  air  prior  to  its  introduction 
into  the  cylinders  is  not  exactly  practicable,  but  the  ensurance 
that  the  cylinders  are  hot  before  starting  requires  but  a  short 
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time,  is  benefici;)!  in  |ueventin<;  them  from  being  subjected  to 
unreasonable  heat  treatment,  is  easy  of  attainment,  costs 
little,  and  woulti  go  far  to  reduce  the  starting-air  storage  to 
a  minimum. 

The  tendency  in  the  future  will,  undoubtedly,  be  to  ado]>l 
low-pressure    starting-air    systems    for    2 -cycle    engines  on 


1,2,34^. 


J^rcyr 


m 、：" , 


二^ i 
，1W ― 


Off 


'iJ^^t^L  ,■'';,，. 


、Ftusi  Inject  Atr  

xel  Inject  Ptunp  Dischjgr^^ 
^  Inf  er/  Vnlrf 

FuM-  Infi 


Fig.  47 

account  of  the  aforementioned  advantages.  These  systems 
will  not  be  applied,  as  hitherto  with  such  engines,  by  using 
the  scavenging  air  pumps  as  the  starting  cylinders.  This 
necessitates  a  greater  strength  of  these  parts,  especially  with 
large  engines,  than  would  otherwise  be  required,  and  entails 
also  the  pumps  being  connected  to  the  main  engines  in  a 


i list ； i llations  witli  and  without  the  auxiliary  inacliinery.  As 
t his  <]uestion  is  l>ountl  up,  primarily,  with  tliose  of  speed  of 
if\'ol  ul  ion  ； I  in!  power  per  unit  volume  of  cyliiider,  the  \vci^lil> 
have  been  plotted  (Fig.  49)  on  a  brake  horse-power  basis,  as 
constructed,  and  also,  in  Fig.  50，  on  the  same  basis  corrected 
for  a  constant  mean  effective  pressure  and  speed  of  revolution. 
These  curves  show  the  influence  of  the  type  of  framing  upon 
the  weight.  For  curve  A  for  engines  of  the  mercantile  steam 
engine  framing,  the  weight  works  out  at  2801bs.  per  brake 
lini-sc-power.  Curve  B，  for  the  through  bolts  and  cast  column 
type  of  framing,  2241bs.  per  brake  horse-power.  Curve  Cy 
through  bolts  only,  1801bs.  per  brake  horse-power ― all  for  a 
mean  effective  pressure  upon  a  brake  horse-power  basis  of 
601bs.  and  a  speed  of  revolution  of  】.">(>  revs,  per  minute. 

Means  will  be  adopted  in  the  future  to  increase  the  mean 
effective  pressure  when  suitable  material  is  found  to  with- 
st;i  ml  the  increased  temperatures,  and,  with  greater  expe- 
rience, not  only  will  a  liiglier  speed  of  revolution  and  a  higher 
piston  speed  be  probable,  but  confidence  will  result  in  a  reduc- 
tion of  the  scantlings  and  the  weight  per  unit  power  f rijin 
those  given  by  these  curves,  although,  in  general,  the  larger 
the  power  the  greater  the  weight  per  unit  power.  The  circle- 
indicate  4-cycle  engines  and  show  that  the  gain  in  weight 
for  the  2-cycle  engines  up  to  the  present  is  sin?dl. 

/ tit*  rvh(tn(/( ahilit if  a /t'/I  Mdfliutuuj  () pi  rafioitx. — Many 
schemes  for  the  application  of  Diesel  engines  as  at  present 
developed  have  been  suggested  for  the  propulsion  of  ships 
of  the  highest  power,  and  indicate  that  there  will  be  a  multi 
plicity  of  units  each  exactly  like  the  other.  It  is  not  proposed 
to  deal  with  or  compare  the  relative  feasibility  of  any  of 
these  applications. 

No  great  loss  in  efficiency,  no  great  increase  in  weight, 
space  occupied,  or  cost,  is  to  be  anticipated  as  a  result  of  this 
multiplicity,  but  its  effect  upon  the  methods  of  dealing  with 
the  problem  of  the  construction  of  higher  power  installa- 
tions is  instructive.  Not  only  then  to  give  interchangeability 
with  this  multiplicity  of  units,  but  on  account  of  the  great 
pressures  and  their  high  rates  of  application,  is  the  necessity 
for  extreme  accuracy  in  the  machining  and  fitting  of  the 
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CO 

Weight  of  Engines. 

O 

a 

X 

Revs./mi 

Stroke. 

Type  of  Knyine  Structure. 

CM 

/ton. 

Kemarks. 

)Jo-ok  1 

M 

3 

lbs. 

Tons. 

X, 

3 

2 

4 

750 

150 

lt»-<>8 

27 . 55 

182 

200 

81-5 

L'H 

9 

■2 

4 

2 

4 

500 

150 

16-92 

21 

！ M) 

000 

40 

180 

•5 

Equipment  =  8  to  4  tons  extra. 

5 

2 

4 

1 漏 

2105 

31-5 

C'raiikcas:'  airl  thrjugli  bolts. 

220- 000 

220 

l<) 

3 

"          = 7*55  tons  extra. 

9 

4 

6 

500 

400 

13-78 

13-78 

33 

000 

14-72 

6(3 

:m 

10 

4 

4 

750 

12" 

32j 

C.I.  column«. 

(224-000 

100  118* 

300 

7 

5 

*\\" itli  .shafting  and  propeller. 

(336 -000 

150f 

447 

5 

0 

fWith  auxiliaries. 

11 

0 

2000 

― - 

300 
500f 

335 
560 

5 
3 

95 
58 

fWith  auxiliaries. 

12 

C 

1500 

11：. 

20 

3li-2 

1  4(13 

000 

180 

268 

8 

35 

With   auxiliaries   and   shafting   an  J 

1785 

000 

3.50J 

524 

4 

29 

propeller. 

13 

4 

4 

850 

14(1 

18-5 

20-77 

(—'.1.    、■'   i-olumns  and  through 

1  143 

000 

64* 

1：； 

3 

*  Engine  +  8-ton  flywheel. 

bolts. 

\m 

000 

87-5+ 

230 

Auxiliaries  with  Oi-ton  flywheel. 

14 

8 

1250 

140 

20-80 

00 

(—'.I.  cniiikc  isc  ainl  ( lii'Dugh  bolts. 

000 

—— 

254 

8 

80 

Auxiliaries 二 88  tuns  for  two  engines. 

15 

2 

4 

440 

215 

13-78 

!!)•" 

Crankc-asc  and  cylindur  jacket 

！, 4 

000 

42t 

214 

1" 

5 

f With  auxiliaries. 

Ki 

integral. 

2 

4 

KiOO 

110 

27 

38 

401 

000 

20« 

288 

7G 

17 

2 

0 

"！ Oil 

310 

l-'J 

Crankcjiso  and  thruugh  bolts. 

33 

wu 

14-72 

0G 

34 

18 

4 

100 

530 

7-87 

U-05 

Crankcase. 

6 

200 

2-15 

02 

40 

5 

§Include.s  water  and  oil :  Wat2r  2  cwts. , 
Oil  44H)s. 

28 

G 

1150 

130 

17-3 

31-4 

C.I.  columns. 

280 

画 

125 

244 

9 

2 

►Scparatulv  driven  coiupressor. 
Auxiliaries^  103  tons.     PiupelltT  an  I 

29 

shaftin*;— 157  tons  (for  two  engines). 

8 

1200 

125 

19-68 

31-5 

( '，、'iil、r;i  ； c  aii'l  through  bolts. 

482 

215 

355 

5 

6 

Auxiliaries— 150  tons  (fur  two  engines). 

30 

4 

200 

250 

\5l 

20 

Turne'l  steel  braced  structure. 

58 

21  HI 

2(i 

290 

Auxiliaries ^32*  5  tons. 

31 

4 

6 

1  100 

115 

二 

:!!，  •  4 

(100 

117 

2(；：{ 

9 

4 

Auxiliaik's  — -  U(i  tnns. 

32 

6 

1 川 II 

115 

22-0!t 

39-4 

202 

000 

117 

263 

Auxiliaries^  1(52 ■  5  ions. 

suitable  manner  for  transmitting  the  starting  torque.  A 
probable  method  will  be  by  relieving  the  compression  pres- 
sure in  the  main  cylinder  and  so  permitting  of  the  required 
starting  effort  being  given  by  air  of  considerably  lower  pres- 
sure than  is  at  present  adopted. 

H  eight, 一一 The  question  of  the  weight  of  large  engines  is 
exemplified  iu  Table  VII.,  which  gives  the  weight  of  various 


various  parts  obvious.  To  this  end,  macliining  must  be 
carried  out  absolutely  to  gauge,  making  use  of  the  most 
modern  machine  tools  and  tool-room  and  control  methods. 
The  multiplicitv  of  parts  adds  further  to  the  necessity  for 
using  jigs  and  fixtures  for  almost  all  operations,  and  tends 
towards  the  application  of  bonus,  piecework  systems,  card 
systems,  subdivision  of  work,  and  sectioning. 
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Under  the  heading  (l(，almg  wiUi  cylinders  a nd  ()tli<'r  m:im 
parts,  the  necessity  For  1  lie  lii^liost  chiss  materials  to 
resist  the  combined  temperature  and  jiivssun'  cllVcts  has 
btM'ii  discussed ,  whilst  the  power  pressure  (| urs(  ion  r('(|mr('s， 
as  already  dealt  witli  under  u Pressure  /々〃7-、'，"  the  careful 
selection  of  lluit  material  mosl  suited  t'(ir  the  p;n  t  inilur  work 
required  of  it.  In  spite  of  this,  witJi  sucli  )>laii(  designed  ； iml 
laid  down,  sucli  organisat  ion  ii"ui"mr;i"'(l  and  systomat  isod, 
the  -work  should  be  carried  out   relatively  at  a  figure  r (川 


siderably  lower  than  one  based  on  the  methods  so  far  applied 
ia  this  country  to  the  construction  of  marine  Diesel  engine;.. 
If  economic  or  naval  considerations  be  such  that  the  engineer 
is  called  upon  to  develop  the  oil  engine  for  high  powers, 
and  naval  authorities  seem  agreed  as  to  the  necessity  for  this, 
it  has  been  attempted,   without  defining  what  constitutes 


brake  iiorse-power  per  liour,  allowing  for  the  v  ut 

the  suction  and  the  i  hrol  I  ling  of  the  ",mpr 卜.、 (,r. 
I  I  I  P.  -  Total  of  all   hr;,k^  I  ior.se-power. 
.-.I.11.P.  =FueI  +  Air  ;  Friction     of     main  rnol 
including  compressor   or   scavenging  puinps)  ,  Scaveii^'iiif,'  -r- 
Coinprt'ssoi- 

=  64% +4% +  14% +  10% +8% 

For  air  injection  engine  =  424  +  26  -|-  92"8  +  66  +  53  =  (any) 
662.  J 

For  solid-fuel  injection  engine  (1)^  394"'+  0+  80'-'+  66 
+  0  =  540. 

For  solid-fuel  injection  engine  (2)  =  450  +  0  + 92  +  76'" 
+  0  =  618. 

(1)  This  figure  is  obtained  by  ； issiimiii"'  that  the  brake 
liorse-power  obtainable  from  the  fuel  is  in  tlin  ratio  oi 
amount  of  air  available,  i.e.,  424  x  0  93  =  394. 

(2)  The  brake  liorse-power  lost  in  friction  has  been  re- 
duced to  the  ratio  of  the  reduction  of  the  power  of  main 

394 

engine,        93  x  ^  =80. 

(3)  The  power  absorbed  by  tlie  scavenging  pumps  in 
increased  in  the  ratio  of  tlie  increase  of  size  of  cylinder  i.r., 

Note. ― The  solid-fuel  injection  engine  (1)  is  an  engine  of 
tlie  same  r///nu/cr  vol  it  me  as  the  air-injection  engine,  ； nui 
solid-fuel  injection  engine  (2)  is  an  engine  of  the  same  brake 
horse-power  as  the  air-injection  engine. 

Assuming  that  the  fuel  consumption  per  indicated  horse- 
power is  constant,  and  =0'341b.  per  indicated  horse-power 
hour, 


" high  power,"  to  indicate  in  this  paper  the  lines  along  wliirli 
that  development  should  proceed. 

APPENDIX  I. 

The  case  for  solid-fuel  injection  is  worked  out  as  uncler,  for 
a  2-cycle  engine  of  dimensions  ： ― 

Four  cylinders ― 450  b.h.p.  at  200  revs,  per  minute. 
Diameter   cylinders ― 14'75in.    stroke  — 22'5in.    with    ； i 
mean  effective  pressure  of  581bs.  per  square  inch  on  a 
brake  horse-power  basis. 
l，lie  amount  of  air  available  for   combustion    per  hour 
is:  — 

Charging  air  =6,4801bs.  per  hour  =  92  7  per  cent. 

Fuel  injection  air      二  5121bs.  per  hour=  7*3  per  cent. 

Total  =  6,9921bs.  per  hour. 
Note. ― The  charging  air  is  based  U]>on  au  efficiency  of 
scavenging  of  80  per  cent. ,  and  the  fuel  injection  air,  when  a 
consumption  of  IV2  cub.  it.  per  minute  or  1:5  cub.  t'l.  nor 


TJien  for  the  air-injection  engine  0*34  =0'51b.  per  brake 

liorse-power  hour,   and    for    the   solid-injection  engine  (1) 
540 

0'34  x       =  0'471b.  per  brake  horse-power  hour. 

Sol  id  Fuel  In  jtctiott.     Table  of  Com  p  u  i>on. 


Particulars. 


Fuel 
injivtion 
、、 "h  coiii- 
prvwl  air. 


Solid  fuel 

in 


Combustion  air   His.  prr  hour 

Compressed  air  for  fuel  inject  ion 
Total  air  a vailaMe  for  (  (nuhust  it>n  .... 
ladicatt'd  horsc-jiow  it  ： ― 

Fuel    B.H.B. 

Fuol  injection  air    ,, 

Friction  loss   

Scavenging  loss    ., 

Compressor  loss   ,, 

Total   

Fuel  consumption,  lbs.  pi'r  U.  H.  I*.  luuir^O-^lhs. 
ne-THP  hour  ..B.H.P.  (fucl+air) 
per  hour  X     Xotal  LH-R   - 

Fuel  oonsumptiini  \\  ith  ",):$  I'fYU'h'my  of  s]»r;xy  of 
solid  fuel  injct'tii>ii   = 


Engines  iih(»、'c  liavo  sanio  c\  lindor  ilimcusious, 
run  at  the  same  ^peed  of  revolution. 
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If  0  93  be  the  efficiency  of  the  ^olid-injection  spray,  then 

0-47 

the  coiiKiimption  =        =  0- 5051b.  per  brake  horse-power  hour. 

The  fuel  consumption  for  solid-injection  engine  (2)  =0'34 
618  … 
X450  =  °'47' 

and  the  efficiency  of  spray  of  solid-fuel  injection  system 
=  0.93  and  the  consumption  ―  0*5051b.  per  brake  horse-power 
hour. 


FLAME  CARBON  ARC  LAMPS. 

At  the  meeting  of  the  Pittsburg  Section  of  the  Illuminating 
Engineering  Society  on  April  17th,  Mr.  C.  E.  Stephens  pre- 
sented a  paper  on  "  The  Development  of  Flame  Carbon  Arc 
Lamps."  Flame  arc  lamps  could,  he  said,  be  classified  as 
open-flame  carbon  arcs  and  enclosed-flame  carbon  arcs.  In 
the  former  the  arc  was  maintained  between  mineralised 
carbons,  inclined  together  at  an  angle  of  approximately  25°, 
with  the  arc  chamber  thoroughly  ventilated.  Because  of  the 
free  oxidation  the  carbons  were  consumed  quite  rapidly,  the 
life  being  16  to  20  hours,  depending  on  their  length.  The 
method  of  forming  the  arc  between  inclined  carbons  neces- 
sitated the  use  of  carbons  of  small  diameter  to  ensure  that 
the  ends  would  burn  evenly  ；  hence,  to  secure  a  reasonable 
life,  carbons  of  comparatively  great  length  were  required. 
The  long,  small-diameter  carbon  was  necessarily  expensive. 

The  open-flame  carbon  arc  lamp  was,  he  considered,  useful 
only  where  large  quantities  of  light  were  required,  outdoors, 
and  in  some  industrial  establishments  where  the  areas  to  be 
lighted  were  great  and  mounting  heights  high.  The  light 
efficiency  was  high,  but  the  distribution  was  such  that  the 
maximum  intensity  was  directly  under  the  lamp,  and  this 
made  the  lamp  unsuitable  for  producing  a  uniform  illumina- 
tion over  large  areas.  The  mechanism  was  complicated,  and  the 
lamp  required  frequent  attention.  In  order  to  secure  a  long- 
burning  open-flame  carbon  arc  lamp,  various  magazine  types 
had  been  devised.  In  general,  these  lamps  had  been  commer- 
cially unsuccessful,  because  the  quantity  of  carbon  consumed 
was  approximately  the  same,  the  only  saving  being  in  the 
labour  of  trimming.  Also  the  magazine  added  to  the  complexity 
of  the  mechanism.  Early  attempts  to  lengthen  the  carbon  life 
by  restricting  the  air  supply  resulted  in  a  heavy  deposit  of 
white  powder  over  the  glassware,  which  in  a  short  time 
became  so  thick  as  to  absorb  practically  all  the  light.  The 
problem  was  so  to  dispose  of  the  metallic  fumes  that  the 
glassware  would  remain  comparatively  clean  throughout  an 
entire  trim  of  carbons,  which  should  be  100  to  125  hours. 
Tliis  was  achieved  in  the  modern  lamps. 

The  enclosed-flame  arc  was  maintained  between  mine- 
ralised carbons  in  an  enclosure  where  the  air  supply  was 
restricted.  The  carbon  formed  the  conducting  vapours,  and 
the  illuminosity  of  the  arc  depended  on  the  quantity  of  the 
mineral  salts  vaporised.  The  vaporisation  must  be  uniform 
to  produce  a  steady  light.  Practically  all  of  the  light  emitted 
came  from  the  arc  flame,  and  only  a  very  small  portion  from 
the  incandescent  craters  on  the  carbon  ends.  The  carbons 
were  vertical  and  superimposed,  so  that  the  arc  flame  was 
also  vertical.  The  diameter  of  the  carbons  was  approximately 
； in.  and  their  length  14in.  The  rate  of  consumption  was 
comparatively  small,  allowing  a  simple  and  rugged 
mechanism,  which  was  a  modification  of  the  ordinary  enclosed 
carbon  arc  mechanism,  the  difference  being  in  the  sneak  feed 
and  the  focussing  arc  principle.  In  other  words,  the  carbons 
were  fed  into  the  arc  simultaneously,  at  rates  depending  upon 
their  relative  consumptions,  maintaining  the  arc  in  a  fixed 
position,  and  they  were  fed  gradually  instead  of  by  steps. 
The  fumes  from  the  arc  were  deposited  in  a  relatively  cool 
condensing  chamber  above  the  globe. 

The  successful  operation  of  the  lamp  was,  he  observed, 
entirely  dependent  on  the  character  of  the  carbons.  The 
cored  type  had  not  proved  successful,  and  modern  carbons 
were  homogeneous,  showed  an  efficiency  of  0'2  to  0*3  watt 
per  mean  lower  hemispherical  candle-power  and  a  life  of 
100  to  125  hours.  The  maximum  candle-power  was  from  10° 
to  30°  below  the  horizontal,  making  the  lamp  particularly 
adapted  to  the  illumination  of  large  areas.     A  particular 


advantage  of  the  flame  carbon  lamp  was  that  it  was  suitable 
for  either  direct  or  alternating-current  circuits  and  for  fre- 
quencies as  low  as  25  cycles.  The  efficiency  of  the  enclosed- 
flame  arc  lamp  was  much  better  than  that  of  the  new 
nitrogen-filled  tungsten  lamps  ；  moreover,  it  was  susceptible 
of  improvement,  while  the  latter  was  near  the  theoretical 
limit  of  its  efficiency.  The  efficiencies  of  the  new  tungsten 
lamps  were  given  for  clear  glass  globes,  and  when  they  were 
enclosed  in  suitable  diffusing  glassware  the  efficiency  would  be 
still  lower.  Tlie  tungsten  lamp  was  undoubtedly  desirable 
for  series  circuits  in  residential  sections,  and  the  gas - filled 
lamp  would  probably  enlarge  this  field  somewhat  ；  but  the 
author  was  of  opinion  that  it  would  never  compare  favour- 
ably with  the  flame  arc  lamp  for  business  streets,  boulevards, 
parks,  driveways,  city  squares,  and  other  areas  where  there 
was  any  great  amount  of  traffic  and  which  required  a  high 
illumination  intensity.  The  new  high-efficiency  Mazda  lamp 
was  too  new  to  predict  its  limiting  field  with  any  degree  of 
accuracy.  Its  immediate  effect  would  probably  be  to  entirely 
wipe  out  all  of  ihe  old  enclosed  carbon  arcs,  to  extend  the 
present  field  of  the  tungsten  lamp,  and  to  accelerate  improve- 
ments  in  flame  arc  lamps  of  both  the  flame  carbon  and 
metallic  fiame  types. 


ROTARY  AIR  PUMP  FOR  SURFACE  CONDENSERS. 

The  accompanying  illustration  shows  an  arrangement  of  wet 
vacuum  pump  for  extracting  from  a  surface  condenser  nut 
only  the  air  and  the  non-condensible  gases  but  also  the  water 
of  condensation,  the  invention  of  Messrs.  Westinghouse- 
Leblanc,  7，  rue  de  Berlin,  Paris.  The  rotary  pump  is  con- 
stituted by  a  turbine  wheel,  as  .shown,  furnished  with  a  crown 


Kotaiiy  Ant  Pump  for  Surface  Condensers. 


of  blades  E  and  driven  in  the  direction  of  the  arrow  by  any 
suitable  motor.  The  fixed  nozzle  D  directs  water  upon  the 
crown  of  blades  which  sprays  it  into  the  chamber  G  which  is 
in  communication  with  the  pipe 圜 and  the  diffuser  K.  At 
another  part  of  the  periphery  of  the  movable  wheel  a  suc- 
tion conduit  A  is  provided,  opening  at  a  suitable  distance 
from  the  orifice  of  the  nczzle.  The  water  to  be  withdrawn 
from  the  condenser  is  supplied  to  this  conduit.  The  moving 
blades  communicate  kinetic  energy  to  the  water  of  condensa- 
tion and  propel  it  in  the  direction  of  the  spray  of  water 
issuing  from  the  air  pump  in  such  a  manner  that  the  water 
from  the  condenser,  the  water  from  the  air  piim】），  and  the  air 
withdrawn  by  the  pipe  B  are  simultaneously  forced  into  the 
diffuser  K.  Experiment  shows  that  the  speed  of  the  water 
spray  from  the  air  pump  is  not  appreciably  diminished  by  this 
action  and  that  consequently  the  pneumatic  power  of  the  air 
pump  is  not  altered. 


Fatal  Explosion  on  a  German  Steamer. ― An  explosion  occurred 
in  the  bunkers  of  the  German  steamer  Deike  Richmero/' 
bound  from  Swansea  to  Hull,  when  nearing  the  Isle  of  Wight, 
two  firemen  being  so  seriously  burnt  that  they  subsequently 
died. 
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PRECISION  DISTANCE  TACHOMETER  SET  FOR  WIDE 
RANGES  OF  SPEED. 

The  speed -testing  set  illustrated  herewith  lias  Im'i'ii  .specie  1 1 y 
designed  t()r  extremely  accurate  uieasuieiiKMits  of  tlic  s|»'<'(l 
nf  (Mi^incs  (Im'iiig  efficiency  tests  extending  over  a  range  of 
speed  from  1  (K)  lo  '1 ,800  revs,  per  niimiic.  1 1  is  pait  icu  l;i  rl  v 
sui(;iliUk  for  use  in  testing  st al  ions  of  ； tiilorti')l>il<k  woi  ks, 
physical  lahoratotics,  &c. 

Tlie  set,  which  is  maimt'acliu-ed  hy  ]VI>ssrs.  SrhallVi-  ； i tul 
BudfMiher^,  Lt(l.，  Wliitwortl'  Street,  Manclicslcr,  consists  ()「  ； i 
small  itiagneto-inulti-generator  (transmitter),  Figs.  I  and  'J， 
arul  two  measuriii^  instruments  (receivers),  one  of  wliicli  is  ； i 
dial-ta('li()m<'。'r  「nr  "("u'rnl  (Iptci-ininat ion  of  the  speed,  and 
the  oMhm-  ； i  resonance  type  tachometer  for  very  exact  measure 


Fig.  1    Multi-Gknkrator.     Precision  Tachometer. 

ments.    The  small  dial-tachometer  shown  in  Fig.  3  is  essen- 
tially a  voltmeter  of  the  electro-magnetic  type,  with  the  scale 
divided  directly  in  revolutions  per  minute.    In  this  type  of 
instrument,  wliicli  has  for  some  years  been  used  for  measuring 
electricity,  a  solenoid,  excited  through  the  current  produced 
by  the  generator,  magnetises  equally  two  soft  iron  segments 
so  that  they  repel  each  other  with  a  force  (lepeiicling  on  the 
speed  of  the  generator.     One  of  the  se^?nonts  is  fixed  whilst 
the  otlier  is  mounted  so  that    it  can 
revolve   freely   in    sapphire  hearings, 
and,  being  fitted  with  a  pointer,  forms 
a  sensitive  and  very  reliable  indicator. 
The  well-damped,  revolving  system  of 
tlie  instrument'  weighs  onlv  '9  grammes 
(•0315oz.). 

The  resonance-type  tachometer, 
shown  in  Fig.  4，  is  a  precision- 
measuring  instrument  wliicli  is  un- 
questionably absolute  as  regards  exact- 
ness of  indications  and  reliability.  It 
consists  essentially  of  an  electromagnet, 
the  windings  of  which  are  excited  hv 
the  alternating  current  of  the  gene- 
rator and  a  series  of  steel  and  resonance 
reeds  arranged  in  one  or  two  rows 
within  the  field  of  the  electromagnet. 
These  steel  reeds  are  mounted  on  a 
frame,  the  free  end  of  each  reed 
being  bent  "over  at  right  angles  for 
about    Jin.      The  head  thus  formed 

is  coated  with  white  enamel  so  as  to  render  it  easily  visible. 
】n  the  angle  formed  by  the  head  with  tlie  stem  of  the  reed  a 
small  drop  of  solder  is  placed  to  weight  the  reed.  The  reeds 
vary  in  length,  &c.，  to  suit  the  scale  required,  and  are  care- 
fully tuned  so  that  their  rate  of  vibration  synchronises  with 
the  magnetic  alternations  of  the  exciting  circuit. 

The  essential  advantages  of  the  resonance  system  are  the 
absolute  precision  of  indication  which  nothing  can  influence 
and  the  absolute  indifference  of  the  apparatus  against  even 
the  roughest  treatment.  The  indications  of  the  apparatus 
will  not  vary  in  the  least  with  the  lapse  of  time.  Apparatus 
of  this  class  have  been  in  continuous  use  for  a  large  number 


of  years,  and  althongli  some  of  tlie  reeds  must  Iiave  made 
thousands  of  millions  of  vibrations  no  detrimental  cliange 
has  taken  place,  and  the  reeds  still  possess  tlieir  original 
natural  period  of  vibration.  The  degree  of  accuracy  of  the 
iiulications  is  not  affected  by  the  variation  in  the  resititance  of 
tlie  conducting  cables,  ikm*  the  voltage  of  the  magneto 
generator.      Tlie  indication,  in   t';tct,  solely  on  tlie 

frequency  of  the  impulses  or  tlie  miml"'r  <"  of ut ion  ',' 
tlie  generator. 

Simple  resonance  sy .steins  actuated  by  a  single  generator 
witli  only  one  definite  number  of  alteni  itioiis  tor  oacli  revo- 
lution are  suitable  only  for  a  range  of  scale  extending  to  twic  e 
or  four  times  the  initial  speed  as  the  niaximuni,  as,  for 
instance,  from  100-400  revs.,  200-800  revs., or  400-800  revs.,  Ac. 
H'，  however,  a  multi-generator  is  employed,  wliicli  for  om  \i 
revolution  produces  a  niunher  of  different  alternating  values, 

is  quite  easy  to  multiply  tlie  first 
range  of  nieasureinent  l>v  successively 
switciiin^  on  t  lu»  t(eii**r;it  dc  、、、1'*ii 卜 
wit  li  a  lesser  number  of  alternations 
as  the  speed  increases.    Tlie  multi- 
generator  in  the  present  construc- 
tion   consists   of   four  small  alter- 
nating-current generators,  with  24， 
8，  4，  and  2  alternations  per  revolu- 
tion, respectively,  for  actuating  the 
resonance     tachometer     ( |»rerision 
indicator),  and  also  of  a  small  mag- 
neto inductor  for  actuating  the  dial 
and  linger  indicator.     Referring  to 
Fig.  2,  ey  *7， 尸， and  f  are  the  arma- 
ture   windings  of  the  alternating- 
current  generators,  r/  the  arniature 
winding  of  the  magneto  inductor  ； 
r',  <I\  /，  and  f，  are  the  cases  con- 
taining 24，  8，  2,  and  4   pole   electromagnets,  respectively, 
whereas  f/f  shows  the  case  with  permanent  magnets  of  the 
magiieto-ind uctor.    All  tlie  armatures  are  arranged  on  a  «'om- 
(non  shaft  mounted  in  three  precision  hall  hearings,  wliicli  is 
driven  hy  flexible  shaft  or  l>y  strap  from  engine  shaft.  The 
adjustment  is  of  ultimate  precision  and  the  rotating  masses 
remarkably  small,  so  that  tlte  whole  forms  a  common  rotor  of 
very  small  momentiui).    During  the  test  the  magneto-inductor 


Fir..  -2.— Multi-Generator  Dismanti^kd. 

continuously  actuates  the  small  dial  indicator.  Of  the  four 
alteni  at  iiig-cu  rrent  generators  only  one  at  a  time  is  excited 
by  turning  the  pointer  of  the  lever  switch  on  tlie  base  of  the 
inulti-generator  to  the  plate  wliicli  shows  the  speed  range 
indicated  by  the  small  indicator,  as  explained  later. 

To  use  the  testing  set  the  niagneto-inductor  is  first  con- 
nected to  the  small  dial  indicator.  The  latter  is  merely 
intended  for  averaging  the  speed  and  to  act  as  a  guide  for 
switching  on  one  of  the  four  alternating-current  generators. 
To  effect  this  expeditiously  a  thick  line  is  provided  under- 
neath the  scale  of  the  dial  indicator  divided  into  four  sections, 
each  of  a  different  colour,  the  colours  corresponding  with 
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those  of  tlie  figures  of  the  four  scales  of  the  large  resonance 
tacliometer,  i.et : — 

No.  of  Poles  of  Induction. 

Blue    for  speeds  100-400    24 

Red      ，，       ，，     300-1,200    8 

Black   ,，        ，，     600-2,400    4 

Green   ，，       "   1,200-4,800    2 

If  now  the  pointer  stands  over  the  h\\\e  segment  of  the 
dial  the  24-pole  generator  is  excited  with  continuous  current 
bv  switching  the  lever  of  the  switch  to  the  blue  circle  (marked 


Fig.  3.— Small  Dial 


also  100-400),  and  the  blue  figures  are  read  on  the  four  scales 
of  the  large  resonance  indicator.  If  the  speed  increases 
beyond  400 ― i.e.,  if  the  finger  stands  over  the  red  mark ― the 
switch  is  moved  over  to  the  red  circle  (300-1,200),  thus 
exciting  the  8-pole  generator.  The  red  figures  on  the  four 
scales  of  the  large  indicator  are   then   read.      There  are 
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Fig.  4.— L\rgk  Prk(  ision  Tachomkter.   Hesonance  Type. 

4  x  61  x  244'  reeds,  which  can  be  excited  in  four  different  ways 
by  means  of  the  four  generators,  so  that  4  x  244  ―  976  exactly 
calibrated  values  of  absolute  constancy  are  obtained.  As, 
however,  also  all  intermediate  values  between  two  reeds  can 
be  determined  exactly,  a  very  high  degree  of  accuracy  or  of 
precision  is  obtained. 

To  excite  the  four  alternating  current  generators  a  small 


portable  12-volt  accumulator  may  be  used  or  current  from  a 
high-pressure  main  of  100  or  200  volts.  .  The  consumption  of 
current  at 】2  volts  is  about  1  ani])ere  for  the  24-pole  generator 
and  a  little  less  for  the  generators  with  lesser  numter  of  poles 
which  are  used  for  the  higher  speeds. 


MACHINE-HOUR  COST  ACCOUNTING.* 

BY  CLINTON  H.  SCOVELL. 

There  is  more  reason  now  than  at  any  time  for  many  years 
why  manufacturers  should  consider  most  carefully  the 
problems  of  finance  and  management  of  their  business  under- 
takings. Facing  the  prospect  of  increased  foreign  competi- 
tion in  some  lines,  and  the  tendency  towards  higher  wages 
which  inevitably  follows  the  increased  cost  of  living,  manu- 
facturers necessarily  are  interested  in  any  ways  or  means  to 
make  their  industrial  operations  more  efficient.  Alaiiv 
things  contribute  to  the  efficiency  of  shop  management.  When 
a  business  is  small,  its  success  usually  depends  on  the  ability, 
foresight,  and  g6od  judgment  of  one  or  two  energetic  men. 
As  the  business  grows,  methods  and  system  must  more  and 
more  take  the  place  of  the  manager's  personal  oversight,  and 
the  need  increases  for  accounting  sound  in  principle  and 
simple  in  operation. 

Under  the  influence  of  the  new  science  of  management, 
there  has  been  a  constant  study  in  the  last  few  years  of  manu- 
facturing methods,  operating  standards,  cutting  speeds,  &c., 
resulting  many  times  in  such  marked  increases  of  production 
that  the  management  may  be  sure  that  an  improvement  has 
been  made,  even  if  they  do  not  know  exactly  h o  w  w  ueh  saving 
has  been  effected.  It  has  been  clearly  established,  however, 
that  the  cheapening  of  manufacturing  operations  which  is 
brought  about  by  a  better  operating  practice  is  frequently 
secured  at  a  considerably  increased  cost  for  office  force,  plan- 
ning departments,  helpers,  supervision,  and  other  indirect 
labour,  sometimes  wrongly  called  non-productive.  As  a  result 
the  practical  problem  for  the  manufacturer  is  to  compare  the 
lessened  direct  cost  for  labour  and  equipment  with  the  in- 
creased cost  for  the  other  factors.  This  he  can  do  only  when 
he  has  an  adequate  cost  accounting  practice. 

It  is  my  purpose  to  point  out  the  essentials  of  a  cost  sys- 
tem for  a  machine  shop,  or  a  manufacturing  plant  where  the 
operating  conditions  are  similar,  with  especial  reference  to  the 
theory  and  practice  of  a  machine-hour  rate.  Good  cost 
accounting  depends  on  the  correct  application  of  a  few  well- 
understood  principles.  The  first  is  to  have  the  direct  charges 
from  the  original  sources,  that  is,  pay-roll  and  material  dis- 
tributions, correctly  classified  between  direct  and  indirect 
costs,  and  then  to  determine  how  the  indirect,  or  so-called 
non-productive  charges,  may  be  identified  with  the  product. 
Any  cost  accounting  practice  worthy  of  the  name  should 
record  accurately  the  direct  labour  costs.  In  a  machine  shop, 
or  under  similar  conditions,  this  direct  labour  cost  should  be 
applied  with  precision  to  each  job  going  through  the  shop. 
Very  lit  He  cost  acr<ni  nt  i  praciicey  hoivever,  has  attain  ed 
a/i  1/  "m"ar  precision  for  r/istrihi/ting  the  indirect  charges  for 
equi j)in (  nt y  referred  to  hcrcajiev  in  1  h is  article  as  burden. 

As  the  difficult  and  important  part  of  cost  accounting  is 
to  determine  how  a  correct  distribution  of  burden  may  be 
accomplished,  it  is  clearly  worth  while  to  consider  briefly  the 
elements  of  burden.  It  is  a  tedious  and  expensive  under- 
taking to  build  and  equip  a  new  plant,  and  to  compile  the 
cycle  of  manufacture  from  design  to  finished  product  ；  and 
there  is  much  to  gain  in  the  way  of  a  clear  understanding  of 
costs,  if  we  trace  out  this  development,  step  by  step,  taking 
careful  note  of  the  elements  of  the  problems  as  we  proceed. 

When  a  new  industry  is  to  be  established,  the  directors 
first  buy  a  parcel  of  land  suitable  for  the  location  of  the  pro- 
posed sliop.  Shop  buildings  are  next  erected.  Unlike  land, 
the  buildings  will  require  constant  repairs  ；  even  then  they  are 
subject  to  a  slow  but  certain  deterioration  and  obsolescence 
that  must  be  met  by  a  charge  for  depreciation.  To  protect 
the  investment,  the  owners  must  pay  insurance  and  provide 
watchmen.  To  make  the  buildings  usable,  they  must  be 
heated  and  lighted,  supplied  with  water  and  fresh  air,  and 
regularly  cleaned.  The  striking  thing  about  these  charges 
*  Abstract  of  paper  presented  before  the  National  Too)  Builders'  Association. 
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is  that  tliey  all  go  on  without  any  abatement,  unless  the  simp 
is  shut  down,  and  even  then  1  ho  principal  charges  int**rcst , 
taxes,  insurance,  repairs,  and  drpreciation  ahatc  scarcely  at 
all.  All  of  this  expense  has  been  incurred  by  the  niana^t*- 
ment  to  provide  suitable  areas  for  the  intended  inamit'actur- 
ing  process.  If  there  are  five  or  six  su h-divisions,  each  <川《' 
may  occupy  an  entire  small  l)uilcling,  or  all  or  part  of  a  floor 
in  a  larger  building.  Whatever  the  details,  each  uses  so 
many  hundred  square  feet  of  floor  space  and  must  carry  its 
proportionate  share  of  the  land  and  huildin^  charge--. 

Within  a  depart rnfMit  there  may  be  one  or  more  different 
operations,  such  as  niilliiig,  gi'iiidiiig,  horing,  turning,  planing, 
fitting,  and  assembling.  The  equipment  in  each  case  repre- 
sents an  investment  of  capii al  ；  it,  requires  the  payment  of 
taxes  and  insurance  ；  it  suffers  depreciation  even  more  rapid 
tli a li  tJie  liuildin^,  and  it  im'ui's  charges  i'or  power,  repairs,  and 
sucli  indirect  items  as  superintendence,  inspection,  and 
helpers'  services.  If  the  ybop  shuts  down,  the  power  may  be 
shut  off  and  the  foremen  dismissed  ；  but  so  long  as  it  runs, 
however  short  handed,  or  liowever  inoOicir'nt,  these  charges 
do  not-  change  materially  ；  and  the  f unchnnentals  of  interest, 
taxes,  insurance,  &c.  (with  the  possible  exception  of  repairs), 
are  not  one  less. 

All  that  lias  been  described  so  far  is  overhead  expense, 
more  properly  termed  h/tn/t  ti,  and  does  not  include  any  labour 


ten  castings  from  a  given  pattern  which  has  already  been 
made,  but  the  production  of  a  machine  tool  involves  orders 
for  castings  of  many  dilTerent  patterns  and  sizes,  har  ，t(,'  k  for 
forgingH,  ifcc,  and  these  material  orders  are  all  simple  in 
curiiparison  with  tlie  complex  sclied ule  of  rnacliine  operation 
whicli  are  re(|uirfd  to  produce  tlu?  finished  parts.  All  recog- 
nise liow  important  it  is  that  parts  should  be  made  in  quanti- 
ties tliat  are  economical  and  that  tlie  different  pieces  required 
should  all  be  ready  together  on  the  assembly  floor.  It  is, 
therefore,  of  tlie  utmost  importance  to  make  effective  plans 
to  initiate  and  control  the  production  so  that  these  results 
may  be  accomplished.  The  management  will  tlien  have  a 
definite  schedule  of  manufacturing  operation  on  which  costs 
may  be  determined  by  orders,  by  lots,  by  individual  parts ~ 
with  as  much  or  as  little  detail  as  may  be  necessary. 

Returning  to  the  subject  of  specific  costs,  the  first  step 
is  to  provide  such  labour  records,  preferably  with  good  auto- 
matic time  stamps,  as  will  make  possible  the  necessary  dis- 
tinction between  direct  and  indirect  operations,  and  the  exact 
time  devoted  to  each  lot  of  material  or  each  expense  order. 
The  next  step  is  to  compute  the  burden  correctly  for  each 
department,  including  interest,  taxes,  insurance,  and  depre- 
ciation on  the  buildings  and  equipment,  and  the  additional 
oh.-irges  for  power,  supervision,  and  repairs.  In  many  indus- 
trial plants  manufact  uriiuj  e  i  pcn^r  includes  only  part  of  these 
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applied  directly  to  the  product.  This  great  accumulation  of 
burden  re prvs*  n  fs  〃〃〃/  fart  ur  'nuj  capaciti/.  Each  depart- 
ment and  each  separate  machine  tool  has  a  known  annual 
burden.  Its  cost  per  hour  is  determined  by  dividing  the  total 
burden  by  the  hou rs  in  the  working  schecl ule,  and  the  shorter 
the  schedule,  the  greater  the  hourly  cost. 

Having  completed  the  buildings  and  installed  the  equip- 
ment, the  nianagement  is  ready  to  begin  manufacturing 
operations.  As  the  several  parts  of  the  machine  progress 
from  rough  castings  or  forgings  to  finished  pieces  ready  for 
the  assembling  floor,  their  value  has  increased  as  they  have 
absorbed  the  successive  increments  of  direct  or  productive 
labour,  and  of  the  burden  pertaining  to  the  production 
centres  through  whicli  they  have  passed. 

Before  illustrating  the  practical  application  of  this  theory, 
I  want  to  point  out  that  good  cost  accounting  is  a  help  to  effi- 
cient management,  not  only  as  it  traces  and  records  values, 
but  also  as  if.  may  be  made  a  powerful  agent  for  production 
control.  From  my  experience  in  professional  service  for  in- 
dustrial plants,  I  emphasize  more  and  more  the  practical 
value  of  this  second  aspect  of  the  work.  It  follows,  there- 
fore, that  the  first  step  in  planning  a  cost  accounting  practice 
for  a  machine  shop  is  to  consider  by  whom  and  how  authority 
to  manufacture  shall  be  made.    It  is  simple  enough  to  order 


charges.  The  first  cost  of  manufacturing  is  plant  investment 
一 land  and  buildings.  No  management  using  a  rented  plant 
would  think  of  omitting  rent  from  overhead  charges.  Wlien 
the  manufacturer  becomes  also  a  landlord,  as  when  the  plant 
is  owned  by  the  manufacturing  company,  what  sound  reason 
can  possibly  be  given  for  omitting  from  burden  the  charges 
which  the  management  incurs  in  lieu  of  rent  ？ 

The  equipment  presents  a  slightly  different  problem.  Few 
manufacturers  operate  with  rented  equipment  ；  if  they  do, 
there  is  rent  to  pay,  as  an  unavoidable  burden  on  the  manu- 
facturing operations.  When  the  equipment  is  owned,  tlie 
maintenance  charges  are  equally  unavoidable.  The  manu- 
facturer must  get  interest  on  his  investment  before  he  has  in 
any  sense  a  profit,  and  he  must  bear  the  expense  of  taxes, 
insurance,  depreciation,  and  repairs.  Although  these  elements 
of  cost  may  be  neglected,  or  not  stated,  they  are,  neverthe- 
less, taking  their  proper  share,  or  more,  of  what  is  figured 
without  them  as  gross  profits. 

The  weakness  of  many  cost  systems  is  that  important 
elements  of  indirect  cost  are  thrown  together  in  a  f/enentf 
expense  account,  concealing  the  leaks  and  wastes  that  reduce 
efficiency  and  curtail  profits.  Many  manufacturers  have  no 
doubt  been  satisfied  to  handle  burden  in  vague  and  general 
terms  because  tliey  did  not  know  anv  better  wav  to  dispose  of 
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it.  It  may  be  stated  confidently  that  under  ordinary  machine 
shop  conditions  no  accurate  distribution  of  burden  can  be 
accomplished,  and,  therefore,  no  accurate  costs  determined, 
by  spreading  the  burden  over  all  the  work  done  in  the  shop 
as  a  percentage  of  the  cost  of  direct  labour.  In  the  shop 
proper,  with  its  widely  varying  equipment  of  machine  tools, 
distribution  on  the  basis  of  a  man-hour  rate  is  not  very  much 
better,  although,  as  I  shall  point  out  later,  that  plan  works 
very  well  for  fitters  and  assembly  men.  To  secure  a  correct 
burden  distribution  it  is  only  necessary  to  prove,  by  analysis, 
the  elements  of  which  it  is  composed  and  then  to  consider  how 
all  this  overhead  is  actually  applied  to  the  product. 

At  this  point  we  encounter  another  mistaken  tradition  of 
depart ///t  n taliped  costs.  To  define  burden  correctly  in  each 
department  is  good  as  far  as  it  goes,  but  it  does  not  go  very 
far,  especially  in  a  machine  shop.  The  attention  of  the 
manager  and  the  cost  accountant  ought  to  be  fixed  on  the 
individual  production  centre,  usually  a  power  machine. 
Recent  developments  under  actual  shop  conditions  show  that 
the  correct  burden  for  a  machine  tool  may  vary  from  less  than 
10  to  over  300  per  cent,  of  a  machinist's  wages.  The  widely- 
accepted  method  of  charging  burden  to  costs  on  the  value  of 
productive  labour  makes  no  distinction  between  the  mechanic 
at  the  bench,  whose  work  has  practically  no  burden  except 
supervision,  and  the  operator  using  a  costly  machine,  which 
involves  heavy  charges  for  maintenance,  power  and  repairs. 

The  work  of  bench  hands  and  mechanics  on  the  erecting 
floor  must  be  accompanied  by  a  burden  charge  which 
obviously  is  not  literally  a  machine-hour  rate.  The  burden 
rate  for  bench  equipment  differs  not  at  all  in  principle  from 
the  rates  for  the  machine  tools.  If,  as  is  usually  the  case, 
the  mechanics  at  the  bench  work  under  substantially  uniform 
conditions  a  uniform  rate  may  be  made  at  so  much  per  hour 
for  the  use  of  the  accommodations  which  they  require  for 
their  work.  In  a  large  shop  the  bench  rate  might  be  dif- 
ferent in  different  departments.  Since  it  is  uniform  for  all 
mechanics  who  work  at  the  bench,  it  is  practically  a  man- 
hour  rate.  It  must  be  borne  in  mind,  however,  that  it  is  a 
rate  for  the  use  of  equipment  only,  unless  indeed  the 
circumstances  make  it  convenient  to  merge  the  cost  of  super- 
vision with  the  cost  of  equipment. 

The  erecting  hands  in  a  shop  present  a  problem  of  a  dif- 
ferent kind.  Their  work  usually  requires  a  considerable  area, 
and  important  charges  for  crane  service  and  supervision.  To 
speak  of  this  work  in  terms  which  have  long  been  familiar  in 
cost  accounting  practice,  the  erecting  floor  may  be  con- 
sidered as  a  department  whose  burden  is  to  be  distributed 
with  reference  to  the  work  performed  by  the  mechanics  em- 
ployed in  the  department.  Probably  the  best  way  to  distri- 
bute this  burden  is  on  a  man-hour  rate  derived  by  dividing 
the  total  annual  burden  by  the  number  of  man-hours  for  the 
department. 

There  are  other  charges  connected  with  the  management 
of  a  machine  shop  or  manufacturing  plant  which  are  not 
necessarily  well  expressed  through  an  hourly  equipment  rate. 
Such  are  charges  for  the  drawing-room,  the  book-keeping, 
cost  accounting,  supervision,  liability  insurance,  and  general 
charges  of  management  not  specifically  and  directly  connected 
with  the  maintenance  and  operation  of  machinery.  These  are 
charges  which  in  a  small  shop  should  be  applied  in  a  fairly 
uniform  way  over  all  the  employes  in  the  establishment,  pre- 
ferably on  a  man-hour  basis.  This  charge  would  be  known  as 
general  burden,  and  since  it  would  be  uniform,  it  may  be 
applied  to  the  cost  of  each  job,  against  which  hours  of 
mechanics'  time  have  already  been  recorded,  with  very  little 
additional  work. 

The  successful  operation  of  a  scientific  machine  rate  is  the 
most  important  development  that  has  occurred  in  cost 
accounting  practice  in  a  generation.  As  these  rates  may  be 
applied  to  the  cost  of  jobs,  the  charge  for  burden  which 
hitherto  has  been  the  difficult  and  uncertain  part  of  cost 
accounting  will  be  as  accurate  as  the  charge  for  direct  labour. 
Furthermore,  the  use  of  equipment  rates,  in  effect  a  precision 
method  for  the  important  part  of  overhead  expense  or  burden, 
requires  no  more  work  in  a  cost  office  than  the  application  of 
a  rate  which  contains  only  part  of  these  charges. 

There  are  two  good  reasons  for  saying  that  a  scientific 


machine  rate  is  a  development  of  tremendous  importance  in 
cost  accounting  practice.  The  first  is  that  referred  to  pre- 
viously, namely,  that  it  is  essential  when  scientific  manage- 
ment is  introduced  that  there  should  be  an  exact  measure  of 
the  saving  which  is  effected  by  it.  The  literature  on  this 
subject  has  not  thus  far  made  a  sufficient  recognition  of  the 
very  important  fact  that  if  an  operative  reduces  the  time  on 
a  given  job  from  ten  to  seven  hours,  for  example,  lie  has  not 
only  saved  three  hours  at  his  wage  rate,  but  also  three  hours 
at  the  rate  for  the  machine  tool  which  lie  has  used,  and  three 
hours  of  general  burden. 

Cost  accounting  practice  which  analyses  burden  charges 
would  naturally  make  a  precise  account  of  the  increases  in 
overhead  expense  of  any  kind.  In  some  cases  in  connection 
with  the  introduction  of  scientific  management,  these  increases 
would  be  in  a  particular  department,  and  would  operate  to 
increase  the  burden  which  would  be  disposed  of  as  a  machine- 
hour  rate  for  the  tools  in  that  department.  Usually,  how- 
ever, the  additional  charges  would  operate  to  increase  the 
general  burden,  'which  is  one  of  the  most  important  and  at  the 
same  t  ime  one  of  tlie  most  elusive  elements  of  manufacturing 
cost. 

The  second  reason  for  attaching  so  much  importance  to  a 
scientific  machine  rate  is  that  it  makes  possible  an  accurate 
measure  of  the  loss  due  to  slack  production  or  interrupted 
operation.  This  is  perhaps  more  important  than  the  im- 
proved accuracy  of  cost  records  referred  to.  When  the  board 
of  directors  is  gathered  at  the  end  of  the  year,  or  once  in  six 
months,  to  learn  about  the  results  of  the  period  under  review, 
they  do  not  often  consider  detailed  matters  as  the  cost  of  in- 
dividual orders.  On  the  other  band,  they  are  always 
interested  in  any  explanation  which  the  manager  has  to  make 
about  losses  that  are  due  to  curtailment  of  manufacturing 
operations. 

The  directors  at  such  times  would  value  more  than  any- 
thing else  a  clear  statement  showing  how  much  their  com- 
pany had  lost  on  this  account,  especially  if  the  details  of  the 
statement  could  be  readily  understood  and  readily  proved  by 
an  analysis  of  the  operating  conditions.  The  big  problems  in 
regard  to  manufacturing  which  the  directors  have  to  settle 
are  to  make  an  efficient  use  of  plant  and  equipment,  especially 
if  they  are  asked  to  decide  on  new  additions  to  meet  a  probable 
Volume  of  iMisiness.  The  new  plant  means  an  added  invest- 
ment, and  it  is  of  the  utmost  importance  that  the  account 
should  subsequently  show  to  what  extent  this  investment  was 
utilised. 

It  is  essential  to  distinguish  clearly  between  losses  or  gains 
on  machines  actually  made  and  sold  and  losses  due  to  slack 
production  or  inefficient  use  of  equipment.  It  must  be  borne 
in  mind  that  the  finished  product  has  absorbed  only  the 
burden  of  the  equipment  actually  used  in  its  manufacture. 
It  has  not  absorbed  the  burden  of  unused  equipment  or  idle 
machinery.  If  the  plant  includes  a  foundry  and  the  manage- 
ment decides  to  purchase  castings,  the  idle  foundry  has  con- 
tributed nothing  to  the  product.  It  is  obviously  unfair  to 
charge  into  the  cost  of  goods  the  burden  charges  on  automatic 
machinery  that  may  be  idle  because  the  management  is  buy- 
ing and  not  making  machine  screws.  If  on】y  three-quarters 
of  the  lathes  run,  the  idle  remainder  have  not  helped  machine 
parts  actually  manufactured,  and  although  the  plant  may  go 
into  bankruptcy  if  it  cannot  utilise  its  equipment,  the  cost 
of  the  work  actually  done  is  not  greater  on  that  account. 

The  burden  on  idle  machinery  is  no  more  a  part  of  the 
cost  of  manufacture,  unless  due  to  enforced  seasonal  varia- 
tions, than  the  burden  on  a  shop  owned  by  another  corpora- 
tion. When  there  is  a  proper  distribution  and  application 
of  expense  burden,  only  the  burden  is  charged  to  cost  which 
represents  the  equipment  utilised  in  manufacture,  and  bur- 
den not  applied  remains  as  a  balance  to  be  charged  direct 
to  the  loss  and  gain  account  at  the  end  of  the  month,  six 
months,  or  a  year.  This  is  readily  accomplished  through 
the  means  of  burden  accounts  which  collect  by  a  very  simple 
book-keeping  practice  all  of  the  charges  in  a  given  class,  and 
receive  credits  as  burden  rates  of  the  same  kind  and  are 
charged  to  tlie  cost  of  product  going  through  the  works.  The 
unearned  burden  in  some  cases  may  indicate  an  error  wliich 
is  to  be  corrected  by  using  a  more  accurate  rate  in  a  suhse- 
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quent  period,  but  when  proper  records  have  been  established, 
the  unearned  burden  is  a  clear  loss,  and  the  balances  of  the 
burden  accounts  should  be  transferred  directly  to  the  prolil 
and  loss  accounts. 

If  the  distinction  is  maintained  between  losses  or  gains  on 
goods  made  and  sold,  the  losses  due  to  restricted  output,  the 
management  will  consider  sales  policies  in  a  inucli  more  cer- 
tain way  than  is  ever  possible  when  the  facts  are  obscured 
in  the  liaze  of  average  costs,  calculated  in  varying  volumes  of 
product.  In  respect  to  burden  it  is  frequently  true  that  costs 
figured  as  averages  vary  beyond  all  hope  of  comparison  as  the 
volume  of  output  goes  up  or  down.  Whatever  the  effect  on 
sales  policy,  good  cost  accounting,  including  correct  burden 
distribution,  is  a  matter  of  enduring  importance  from  the 
point  of  view  of  manufacturing.  Changes  in  volume  may 
completely  obscure  gains  or  losses  in  efficiency,  and  render 
comparative  costs  in  similar  jobs  impossible  from  season  to 
season,  solely  because  of  tlie  variations  in  the  amount  of  busi- 
ness done.  Exact  costs,  comparable  under  all  conditions,  are 
not  to  be  secured  unless  the  burden  charged  to  production  is 
only  that  pertaining  to  the  equipment  that  is  actually  at 
work. 

From  the  manager's  point  of  view,  the  significant  fact  is 
that  burden,  which  it  is  proposed  to  apply  through  a  series 
of  equipment  rates,  is  not 
appreciably  less  when  the 
operating  schedule  of  the 
plant  is  reduced.  It  is  true 
that  power  charges  may  be 
slightly  less,  but  the  fixed 
charges  for  building  space, 
interest,  insurance,  taxes, 
depreciation,  and  under 
some  circumstances  for  re- 
pairs also,  are  no  less  when 
the  machines  are  idle.  The 
manager  of  a  machine  shop 
cannot  make  a  greater  mis- 
take in  figuring  costs  than 
to  charge  a  higher  burden  in 
any  form  whatsoever  for  the 
operation  of  part  of  his 
equipment,  because  the  rest 
of  it  is  temporarily  idle,  or 
a  higher  rate  for  a  smaller 
labour  force  because  the 
plant  is  working  on  part 
time.  These  differences, 
which  have  always  attracted 
the  attention  of  observing 

managers,  are  almost  entirely  clear  loss  or  waste,  and  should 
be  recognised  as  such  and  charged  directly  to  the  profit  and 
loss  account. 

Perhaps  the  best  thing  that  can  be  said  about  cost 
accounting  practice  by  machine-hour  methods  is  that  it  does 
not  require  any  more  work  than  any  of  the  older  methods 
that  have  been  well  developed  as  a  means  for  taking  out  costs. 
Of  course,  if  a  plant  with  an  under-developed  cost  practice, 
cr  none  at  all,  starts  to  make  improvements  in  a  wholesale 
way,  they  must  expect  to  increase  their  overhead  charges.  If 
this  increase  is  wisely  planned,  it  is  sure  to  be  a  money-making 
expenditure.  There  are  some  conditions,  of  course,  under 
which  a  machine  rate  cannot  be  used  to  distribute  burden, 
but  the  underlying  principle  of  collecting  all  burden  charges 
for  each  production  centre  is  sound,  whatever  method  may  be 
used  for  distribution.  Some  operations  can  best  use  a  process 
rate,  which  includes  labour  and  accessory  supplies  as  well  as 
burden.  This  method  is  particularly  applicable  to  mass  pro- 
duction, or  any  work  tliat  is  not  made  on  successive  and 
clearly  distinguished  manufacturing  orders.  The  application 
of  overhead  charges,  liowever,  can  be  made  through  a  process 
rate  strictly  in  accordance  with  approved  principles  of  bur- 
den distribution. 

Automatic  or  semi-automatic  niai-hines  present  a  trouble- 
some problem  of  burden  distribution,  especially  as  the  bui'(l,"i 
far  more  important  than  the  labour  as  an  element 


or  inaiiufiK'tunn^  cost.  This  proljIfMii  lias  been  handled  at  a 
plant  operating  several  IniiKired  autojiialic  niacliines  l,y  n 
plan  of  efficiency  charts  wliicli  provide  for  rliart/int/  td  t  lie  job 
the  cost  of  the  effective  (jpciat ion  of  I lu*  m;"'|iii"'.  (',,， 
accounts  under  this  plan  measure  with  great  |'n' '卜 n'n  tlif  lo-- 
clue  to  sla<:k  production  or  careless  attention  t'mm  tlie 
operator. 


HOWDEN'S  FORCED  DRAUGHT  INSTALLATION  FOR  SHIPS. 

The  accompanying  illustrations  show  a  forced 山; m'_'hf  instal- 
lation for  boiler  furnaces  arranged  in  a  <-\ose(\  stokf* liohl,  t  lu* 
invention  of  Messrs.  James  H (八、 '（"'n  A-  Co.,  I 山卜， 1  ！ i.r>,  Scot  land 
Street,  Glasgow.  The  cuts  show  the  arrangement  applii-<l  ！ o 
boilers  of  the  cylindrical  type,  f>ut  it  is  equally  ； ippli'"" 山 *  to 
water-tube  boilers.  Tlie  boilers  are  equipped  with  an  air  li(':it'  r 
located  in  the  uptake  or  smoke  stack,  as  usual  iti  t hf  llow'h'ii 
forced  draught  system,  and  are  installed  in  a  closed  stokehold, 
the  air  heater  being  provided  with  an  opening  communicat  in^ 
with  the  closed  space  of  the  stokeliold  into  wliicli  air  is  intro- 
duced under  pressure  in  the  usual  manner.  Willi  tli" 
arrangement  air  pipes  are  entirely  dispensed  with,  while  the 
joints  of  the  casing  through  wliicli  the  air  passes  from  tlif 
li eater  to  the  furnace  do  not  require  to  be  thoron^lily   ； iir- 
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tight,  as  leakage  of  air  is  practically  impossible  owing  to  the 
pressures  inside  and  outside  of  the  air  casing  bein^  sub- 
stantially equal.  Further,  with  open  stokehold  forced 
draught  installations  it  is  necessary  to  provide  valves  in  t \w 
furnace  front  for  regulating  the  admission  of  air  to  the 
furnace  above  and  below  the  grate,  with  mechanism  inter- 
locking the  valves  and  the  fire  door  in  order  to  prevent  lt;u*k 
flame  in  the  event  of  the  fire  door  being  opened  while  air  is 
being  forced  into  the  furnace.  Such  valves  and  interlocking 
mechanism  are  dispensed  with  in  the  present  arrangement. 

Referring  to  the  illustrations,  the  boilers  are  located  in 
closed  stokeholds  A  between  the  water-tight  bulkheads  H. 
In  each  uptake  C  is  arranged  an  air  heater  which  is  composed 
of  a  nest  of  tubes  D  through  which  the  hot  furnace  gases  pass 
on  their  way  to  the  smokestack.  The  space  around  tlie  tul>e、 
forms  part  of  an  air  duct  or  chamber  F  communicating  in  the 
usual  manner  with  the  furnace  G.  In  the  wall  of  the  casing 
H  enclosing  the  air  heater  tubes,  is  provided  an  opeiiing  E 
communicating  with  the  closed  stokehold  space  A.  By  means 
of  a  power-driven  fan  J  air  is  introduced  umler  pressure  into 
the  stokeliold,  and  as  the  latter  has  no  outlet  save  tor  the 
opening  E  in  the  air  heater  casing,  the  air  is  forced  to  p;i>s 
througli  this  opening  and  around  the  tubes,  by  contait  with 
which  it  becomes  heated  into  the  air  duct  or  chamber  F  and 
thence  tlirough  perforations  K  in  the  fire-door  casing  L  to  the 
furnace  G  above  the  grate,  and  hy  the  entrains  M  into  the 
aslii)it  N. 
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FAILURES  OF  HEAVY  BOILER  SHELL  PLATES.* 

BY  SIDNEY  A.  HOUGHTON,  A.M. INST. C.E.  (SHIP  AND  ENGINEEII 
SURVEYOR,  MARINE  DEPARTMENT,  BOARD  OF  TRADE). 
{Coiit in  uc<I  from  pa<je  Jfill.) 
Class  B. 一 The  failures  of  this  class  are  in  some  respects  of  a 
more  important  character  than  those   already  considered,  as 
the  plates  failed  by  cracking  right  across  in  the  rolls,  giving 
the  impression  of  extreme  brittleness. 

Bl. 一 This  plate  had  only  partially  been  bent  to  the 
required  radius  when  it  broke  nearly  across,  there  being  two 
cracks  in  approximately  the  same  line,  which  were  only 
separated  by  a  small  web  of  metal.  The  tensile  tests  from  this 
plate  all  give  good  results,  and  the  chemical  analysis  is  not 
abnormal,  except  that  the  quantity  of  phosphorus  is  high  and 
greater  at  the  outside  than  in  the  inside.  The  structure  of 
the  steel  showed  an  excessive  number  of  blow-holes  (see  Fig. 
14),  so  that  before  etching  the  metal  looked  in  parts  more 
like  wrought  iron  than  steel.  As  might  be  expected  from  the 
analysis,  there  were  also  considerable  local  segregations  of 
phosphorus  at  the  outside,  and,  considering  their  amount  and 
well-known  want  of  ductility,  they  probably  constituted  the 
principal  cause  of  failure.  The  plate  was  also  rolled  hot  on 
one  side,  and  on  examining  the  sections  at  the  fracture  after 


outer  surfaces,  and  it  is  suggested  that  this  might  be  due  to 
the  effect  of  an  excessive  amount  of  composition  on  the  ingot 
mould.  In  this  connection  it  may  be  mentioned  that  heavy 
carbonisation  of  the  surface  may  take  place  in  large  steel 
castings  wlien  certain  carbonaceous  coatings  are  given  to  the 
|noulcls，  which  fact  does  not  seem  to  be  so  widely  known  as 
is  desirable,  and  it  is  worthy  of  careful  consideration  by  the 
users  of  sucli  castings.  The  increase  was  comparatively  slight 
in  tliis  instance,  but  would  produce  an  appreciable  effect  when 
the  plate  was  being  bent.  Tlie  most  striking  feature  revealed 
by  this  case  was  the  great  importance  of  uniform  annealing  at 
a  correct  temperature. 

B3. ― The  carbon  content  of  this  plate  was  too  in uch, 
indicating  that  little  work  was  given  to  the  steel  ；  the  finishing 
temperature  was  very  high,  and  there  was  considerable 
difference  between  the  structures  on  opposite  sides.  Tliere 
was  also  segregation  in  the  centre  of  the  plate  and  a  large 
number  of  blow-holes  near  the  surface,  sb  that  altogether  the 
metal  might  be  described  as  unsuitable  for  the  purpose  for 
which  it  was  intended. 

B4. 一 This  plate  broke  completely  across  when  being  passed 
through  the  rolls  for  the  first  time,  the  fracture  being  of  a 
coarse  crystalline  character.  Tlie  tensile  tests  were  on  tlio 
whole  satisfactory,  only  two  of  the  transverse  tests  showing 
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Fig.  14.— Magnified  50  Diameters. 


Fig.  15. — Magnified 
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Fig.  1G.— Magnified  300  Diamktktis. 


light  etching,  lines  were  seen  on  the  ferrite  crystals  which 
were  at  first  thought  to  be  slip  bands,  but  on  examination  at 
higher  power  were  found  to  be  Neumann's  lines  (see.  Fig.  15). 
This  plate  and  B4  are  almost  the  only  ones  in  which  the 
author  has  seen  these  lines,  and  in  both  cases  the  metal  was 
hard  to  the  file,  more  so  than  would  appear  from  this  analysis. 
It  is  suggested  that  the  ferrite  contained  arsenic  or  some  other 
hardening  constituent  which  was  not  analysed  for. 

B2. ― This  plate  cracked  right  across  in  the  rolls  during 
the  first  pass.  It  had  been  cross  rolled,  so  that  the  longi- 
tudinal axis  of  the  ingot  was  the  transverse  one  of  the  plate. 
The  metal  generally  was  of  excellent  quality,  but  from  the 
fact  that  some  segregation  showed  on  one  side  of  the  plate  and 
blow-holes  at  the  other  it  is  evident  that  too  great  a  portion 
of  the  ingot  was  used.  The  number  of  these  blow-holes  was 
very  considerable,  and  the  structure  on  this  side  of  the  plate 
was  of  a  coarse  crystalline  character,  indicating  it  had  either 
been  overheated  when  being  annealed  and  possibly  piled  after- 
wards, or  that  annealing  had  been  insufficient  to  break  down 
the  rolling  structure  ；  on  the  whole  the  former  would  appear 
t3  be  the  correct  opinion.  Also  at  this  side  the  effects  of 
shearing  had  not  been  entirely  removed  by  planing,  but  the 
structure  only  appeared  to  be  distorted  on  the  inside  of  the 
plate,  as  the  edge  had  been  bevelled  as  usual.  A  noticeable 
feature  about  this  plate  was  the  increase  of  pearlite  on  the 
*  Paper  read  before  the  Iron  aucl  Steel  Institute,  May,  1914. 


segregation,  which,  however,  did  not  reduce  the  elongation 
below  24  per  cent .  The  analysis  shows  high  carbon  and 
phospliorus,  both  being  in  excess  of  the  amount  suitable  for 
mild  steel.  In  preparing  the  sections  it  was  noticed  that  the 
metal  was  very  hard  to  file,  and  the  structures  revealed  were 
found  to  be  of  an  unusually  interesting  kind .  Towards  one 
side  of  the  plate  the  ferrite  crystals  were  of  a  large  rounded 
form,  whilst  the  pearlite  was  of  a  very  ropey  nature,  some  of 
it  being  in  the  form  of  cementite.  This  is  shown  in  Fig.  16， 
the  section  being  etched  with  boiling  sodic  picrite,  which,  as 
is  known,  blackens  cementite  and  only  shades  the  pearlite. 
This  structure  has  been  shown  some  years  ago  by  Dr.  Stead 
and  more  lately  by  Dr.  Rosenhain  to  be  formed  when  in i Id 
steel  is  kept  at  a  temperature  between  600°  C.  and  700°  C, 
the  structure  thus  produced  being  of  a  brittle  nature.  In  this 
instance  the  effect  was  obtained  in  the  annealing  furnace, 
owing  to  the  pyrometer  being  out  of  order.  On  the  other  side 
of  tlie  plate  this  formation  did  not  exist,  but  the  structure 
was  very  coarse  and  angular,  and  indicated  that  the  plate  was 
rolled  too  hot,  and  that  the  temperature  of  the  annealing 
furnace  was  insufficient  at  that  side  to  break  it  down.  In  tlie 
sections  examined  from  the  first-mentioned-  side  many  of  the 
crystals  near  the  fracture  showed  well-marked  Neumann's 
lines  (see  Fig.  15).  It  may  also  be  mentioned  that  in  one 
section  there  were  signs  of  "  cupping  "  in  the  centre  of  the 
plate.      The  segregation  was  not  excessive,  and  was  exactly 
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in  the  centre  of  the  plate,  so  that  it  was  not  at  first  (lis(  ()v。i、'（l 
in  examining  the  sections,  as  it  was  removed  by  the  saw  when 
cutting  the  complete  section  in  liali'.  The  chief  causes  of 
t'ailui-e  appear  to  be  the  format  ion  of  a  brittle  structure  com- 
with  untHjiial  annealing  and  lii^h  phosphorus. 
( '/ftss  ( '. ― The  failures  under  this  heading  are  the  most 
serious  of  all,  seeing  that  tliey  imply  that  the  actual  factor  of 
safety  of  the  shell  was  less  than  two. 

V\- ― In  tlie  first  case  to  be  considered  the  boiler  was  made 
with  two  strakes  of  plating,  and  the  strake  containing  the 
manhole  crackod  ri^ht  across  through  that  part  near  the  minor 
axis,  when  the  hydraulic  pressure  had  reached  1^  times  t In- 
working  pressure,  although  it  is  said  that  twice  the  working 
pressure  liad  been  previously  applied.  It  was  found  that  the 
widt  li  ol'  the  manhole  on  one  side  of  the  fracture  was  ^in. 
gr('a"、r  than  the  other  side  ；  but  the  manhole  ring  was  intact, 
though  the  crack  was  open  ^in.  on  each  side  of  the  o])eniiiL;. 
Tli('  tensile  tests  all  showed  a  tonnage  below  the  original  ones, 
and  the  transverse  tests  in  line  with  the  manhole  showed  a 
heavy  central  segregation  which  apparently  extended  to  the 
iMjuihole.  The  chemical  analyses  revealed  a  cojisideral)](; 
did'erence  between  the  centre  and  the  outside  of  the  plate,  and 
； it  t  he  former  part  the  quantities  of  sulphur  and  phosj)horus 
are  excessive,  as  might  be  expected  from  the  segregation 
shown  by  the  transverse  tests.  The  amount  of  arsenic  is  also 
very  high,  and  this  lias  segregated  with  the  phosphorus.  An 
examination  of  the  structure  confirmed  the  chemical  analysis, 
the  carbon  being  low  at  the  surface,  where  there  were  some 
blow-holes  and  carbonless  bands  (see  Fig.  17).  Towards  the 
centre  there  were  some  large  compound  crystals,  and  t  \w 
si  nicture  became  lamellar  with  increase  of  carbon,  while  at 
the  centre  there  was  heavy  segregation.  In  this  plate  the  seg- 
regation must  have  been  an  inij)ortant  element  in  producing 
failure,  V>ut  probably  tlie  principal  factor  was  the  presence  of 
internal  stresses  in  the  plate.  It  is  difficult  to  estimate  wliat 
])i'o])ortion  of  these  was  due  to  rolling  and  what  proportion 
to  the  manhole  riveting,  but  on  the  whole  it  seems  not 
unlikely  that  they  were  about  equal. 

C2. ― In  this  instance  the  hydraulic  test  had  reached 
about  401bs.  below  the  double  pressure  when  the  shell  plate 
gave  way  at  the  manhole  with  a  sliarp  report.  The  main 
crack  extended  from  the  manhole  to  one  of  the  rivets  in  tlie 
circumferential  seam,  and  was  open  ^4in.  at  the  manhole  and 
jV.in.  at  the  seam.  There  was  a  small  crack  on  the  other  side 
of  the  manhole  extending  only  to  the  nearest  rivet  hole,  and 
it  was  noticed  that  the  caulking  of  the  ring  was  undisturbed. 
This  ring  was  of  the  flanged  description,  which  requires  a  con- 
m (！' 'rai)ly  larger  opening  in  the  shell  than  the  plain  variety, 
； iiid  is  more  difficult  to  fit  accurately,  so  that  the  author 
thinks  that  the  opening  of  the  plate  after  the  failure  was  more 
due  to  stresses  set  up  in  riveting  than  to  any  resulting  from 
rolling.  It  is  also  more  difficult  with  this  form  of  ring  to 
arrange  that  the  actual  compensation  approaches  the  theo- 
rct  The  longitudinal  tests  of  this  plate  were  satisfactory 

except  that  near  one  end  they  were  below  the  specified  miiii- 
mum  ― oi)  tons  ；  but  the  transverse  tests,  taken  from  the 
centre  of  the  plate,  between  the  manhole  and  the  other  end, 
gave  very  inferior  results,  the  elongation  falling  to  4  and  5  ]>ev 
cent,  with  a  square  fracture  having  a  white  line  in  the  middle, 
which  clearly  indicated  segregation.  On  examining  a  section 
this  was  found  to  be  of  a  very  fine  typical  character,  and  the 
author  made  the  continuous  photograph  (Fig.  18)  which  shows 
the  structure  from  the  surface  of  the  plate  to  the  centre  (a 
distance  of  in.),  where  the  carbon  must  be  fully  0'8  per 
cent.  It  will  be  seen  in  the  pliotograpli  that  there  are  in 
places  conglomerations  of  crystals  wliich  would  not  show  at  a 
moderately  high  magnification.  Before  etching  a  number  of 
sulpliide  of  manganese  flaws  were  also  evident  at  the  cent  w . 
it  is  clear  that  the  plate  contained  tlie  inajor  segregate  of  the 
ingot,  and  as  the  weight  of  the  plate  is  not  heavy  compared 
with  that  of  the  ingot,  it  is  probable  that  the  segregate  would 
not  have  been  included  unless  a  larger  amount  than  usual  liad 
been  cut  off  the  bottom  of  the  ingot,  possibly  to  clear  some 
defect.  The  steel  of  this  plate  was  evidently  defective,  yet  in 
the  author's  opinion  the  causes  of  this  important  failure  must 
be  considered  as  largely  mechanical,  as  the  segregation  did 
not  extend  to  the  crack  itself. 

C3. — This  case  is  of  an  exceptionally  interesting  character, 
as  the  plate  fractured  under  the  hydraulic  test,  not  throu^li 


tlie  manhole  itself  l*ut  through  the  rivet  lioles  at  oiif  end  of 
tlie  ring,  the  pressure  at  t  Ik*  time  In'iiig  at  a  litt  h?  uikUm-  twico 
tlie  working  pressure.  There  was  only  one  strake  of  plating 
in  t  he  boiler,  the  nianhole  being  rather  near  the  back  end,  and 
it  had  a  plain  ring  double  riveted.  Tlie  plate  fractured  from 
end  to  end,  the  crack  passing  through  four  rivet  hoi**-,  at 
v  iiidi  place  the  edges  were  open  l^in.  ；  this  distanr*- 
diminished  gradually  towards  the  ends.  At  the  manhole  the 
edges  were  also  sprung  outwards  2Jin.  The  analysis  from 
tlie  metal  near  the  maTihole  showed  nothing  unusual,  but  as 
the  microscope  revealed  a  large  .structure  with  segregation  at 


Fig.  19.--Magnifiki>      Diamktkrs.  Fh;.  13. 

the  centre  (see  Fig.  19)，  it  would  seem  that  the  drillings  for 
the  analysis  must  have  been  taken  near  the  surface.  Seeing 
tliat  the  manhole  was  not  in  the  longitudinal  axis  of  the  plate, 
it  is  probable  that  the  segregation  at  that  part  would  be 
heavy  unless  the  plate  had  been  cross-rolled.  One  of  the 
transverse  tensile  tests  taken  near  tlie  fracture  broke  with  a 
very  low  tonnage  owing  to  the  presence  of  a  small  crack,  and 
another  gave  only  18  per  cent,  extension  in  5in.  owing  to 
segregation  ；  but  the  others  gave  satisfactory  results,  and  the 
fracture  itself  showed  no  additional  cracks.  Some  notched 
bar  tests  gave  poor  results ― three  and  five  blows ― and  ou 
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THE    MECHANICAL  FAT;I\'KI':R. 


； mm'aliiig  t  lui  s]KM'iiiiriis  w i 1 1 1  slow  cocding  tliis  numlxT 
increased  to  and  18.  On  the  whole  t  he  "'sis  ； mm!  cxarrtiiKi- 
tion  do  not  show  tlmt  1  lie  niclfil  whs  snf]'n-iciit  I y  intVrior  lo 
cause  failure,  and  ii,  is,  t  li('r('i'(>r('，  to  a  l;ir^c  cxlcnt  a  (p"'stioii 
(:「  iiitcniMl  sti'cssos,  wlicl  licr  ]>ro<liu*(vl  l>v  r(tllin^  or  riveting. 
Tlu*  fact  that  t  he  jilal  v  failed  in  ； i  ii(';ir  I  lie  inaiihole 

where  the  strength  was  but  little  rechiccd  jioints  to  sonic  causf 
arising  from  the  riveting.    The  author  is  therefore  inrlim'd  t() 


It  will  \n'  noticed  thai  t  he  lon^'it  udinal  I l»*  "'>t>,  ,'v"n 
when  taken  near  tlie  i'racturos,  seldom  revealed  any  ；山' mrm"l 
features,  whilst  the  transverse  tests  wvvv,  lar  mor*-  、i"''  i'  、l"l， 
and  so  far  as  tensile  tests  go  tli，'s''  ar**  rcrtainly  ilu;  mo  t 
valuable  for  ascertaining  t  lie  inlVi  ioi*  parts  of  | 山 it' '、-  I'i 

nearly  all  the  cases  dealt  willi  t Ik*  Ix-ikI  I <*st ^  were  saii  ！; i< 
tory,  and  at  ii rsi  siglit  it  s (！ cms  somewliat  of  an  atifJiiialy  t  hat 
a  piece  of  a  plate  can  i)e  licul  tluou^li  180°,  wliiist  tlie  whole 


Fit. 


1  I".   Jl.  — A(.M1''IKU  50  DlAMETl-IHS. 


Fig.  2-2. 


believe  that,  as  will  be  explained  later  on,  t  lie  chief  stresses  in 
the  plate  were  produced  l)v  riveting  the  end  rivets,  and  then 
working  from  the  otlier  end  of  the  ring  towa rds  the  part 
where  failure  took  place. 

( ''1 ~- This  plate  was  made  l.)v  i  he  hasic  o]>en-lieart  h 
process,  and  is  the  one  referred  to  by  Mr.  Miltmi  in  liis  paper, 
the  material  of  which  was  thoroughly  investigated  by  Dr. 
Arnold,  the  report  made  by  him  being  given  as  an  appendix 
to  the  paper.  The  author  only  includes  it  here  therefore  Jut* 
the  sake  of  comparison,  but  as  he  had  several  pieces  of  it  given 
to  him  by  Mr.  Milton,  a  few  observations  】iiav  not  be  out  of 
place.  It  should  be  stated  t hat  this  j)lale  fractured  ri^lii 
across  through  the  solid  metal  under  the  hydraulic  test.  Dr. 
Arnold  conchules  that  the  plate  had  some  al)uoniial  tliernial 
Ireatiuent  in  the  mill  which  made  it  brittle  ；  if,  as  would 
appear  from  his  previous  remarks,  this  was  caused  by  over- 
liratiiig  t  ho  shil),  1  \\v  ； i ui  hor  is  in  eni ire  agreement  wit  Ii  him, 
as  many  of  the  sections  Khowed  considerable  ainounts  of  com- 
pound crystals  (see  Fig.  20),  aud  considering  that  the  plate 
was  only  lin.  thick  it  seems  probable  that  as  the  iinishiii^ 
temperature  was  higli  the  slab  itself  must  have  been  grossly 
overheated.  In  some  other  sections  examined  by  the  aut  lior 
there  were  some  carbonless  bands  a  quarter  of  an  inch  from 
the  surface ~ a  very  unusual  place ― and  porosity  at  the  centre. 
The  1'errite  crystals  were  extremely  soft,  and  in  polishing  tlie 
metal  gave  an  ； i])j)eai-ance  of  slight  porosity  whicii  was  absent 
from  the  acid  steels  dealt  with  in  this  paper.  As  stated  by 
Mr.  Milton,  the  plate  was  t-oni pared  with  a  similar  one  ma(l,' 
by  Messrs.  Spencer  &  Sons,  of  Newluu'ii.  Tlie  author  ma 山' 
the  following  simple  experiment  with  a  fat  i^ue  test-piece  from 
each  plate  ；  the  two  pieces  were  placed  close  together  aiul 
heated  to  a  bright  red,  and  1  lion  allowed  to  cool  together. 
Figs.  21  and  22  show  tlie  struct  ures  t  lius  obtained,  1  \w 
diderences  being  remarkable.  The  causes  of  failure  of  t  liis 
plate  were  not  wholly  defined  by  Dr.  Arnold,  and  this  exem- 
plifies the  great  difficulty  an  investigator  experiences  when  he 
is  not  able  to  see  and  select  his  own  tests  from  the  fractured 
plate.  It  may  be  added  that  the  weight  of  the  plate  as  cut 
was  67  per  cent  of  that  of  the  ingot,  so  tli;it  it  would  pi'obablv 
contain  the  major  segregate,  which  fact  ma v  explain  the  great 
differences  Dr.  Arnold  found  in  a  second  piece  sent  】iim，  anil 
may  have  had  an  iinj)ortanl  influence  in  causing  the  failure. 


plate  fractures  at  a  very  slight  angle.  The  conditions  are, 
however,  wholly  different,  as  in  a  bend  test  the  metal  can  flow 
with  little  restriction,  whilst  in  the  】)late  very  little  lateral 
flow  is  possible.  Fig.  23  shows  the  distortion  wliiclj  takes 
place  in  an  ordinary  bend;  it  can  be  readily  seen  that  tlio 
relative  contraction  and  expansion  of  the  two  sides  dimini^lics 
in  proportion  as  the  width  of  the  bend  is  increased,  and  that 
in  a  plate  the  metal  is  subjected  to  pure  stretch  and  com- 
pression. This  fact  is  of  special  importance  in  considering 
the  effect  of  hammer  dressing,  as  though  it  is  frequently  pos- 
sible to  bend  a  strip  of  steel  after  being  haiiiinered  on  the 
outer  surface,  it  does  not  therefore  follow  that  hannnerini:  a 
wide  plate  would  be  equally  innocuous. 

In  dealing  with  these  cases  it  is  essential  to  remember  that 
one  cause  of  weakness  does  not  prevent  others,  and  that  iti 
general  it  is  the  simultaneous  occurrence  of  several  defects 
which  results  in  failure.  For  instance,  it  is  not  sufficient  to 
say  thai  a  plate  failed  because  it  was 
segregated  ；  t here  is  lit t le  doubt 
that  there  are  many  more  or  less 
segregated  plates  in  boilers,  l>ut 
they  have  not  failed  as  no  otlier 
diverse  conditions  were  present.  A 
good  plan  in  dealing  with  a  taihue 
is  to  estimate  the  percentage  value 
of  the  different  causes  j)rocliu  ing  the 
fracture,  and  this  has  been  donv  in 
Tables  I.  and  II"  but  it  will,  of 
course,  be  understood  that  the  values 
are  only  approximate  estimates.  Wlien  tlie  total  il(»es  not 
reach  100  it  means  that  the  author  does  not  consider  that  all 
the  causes  have  been  ascertained. 

In  many  cases  hammer  dressing  is  given  as  one  of  tlie 
causes,  and  this  is  somethiug  which  one  might  have  hoped 
would  have  ceased  long  ago.  Unfort unatelv  it  tiequei"lv 
happens  that  a  little  hammeriiiL:  saves  a  !：('(», I  doal  oi'  cl)i|)|>iui: 
and  buffing,  and  the  temptation  to  use  the  fir^t-meiitioned 
tool  is  considerable.  Moreover,  it  is  almo'4  impossible  to 
detect  it  if  the  plate  is  bufTed  afterwards,  ami  of  this  fact  the 
loading  bank  staff  are  generally  aw  a  re,  so  that  very  stringent 
orders  and  constant  supcrintentlence  are  necessary  to  prevent 
it  being  done.    In  point  of  fact  the  only  certain  method  of 


Fi«.  23.— Ohkunal  Six  th»n 
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detecting  it  is  to  examine  a  section  of  the  plate  after  fracture 
occurs,  when  it  is  generally  plainly  evident.  The  surface  de- 
fects which  necessitate  dressing  may  be  only  roughness  caused 
by  scale  being  rolled  in,  or  they  may  be  of  a  more  serious 
nature  in  the  shape  of  laps,  snakes,  &c,  or  due  to  the  local 
segregations  of  phosphorus,  which  cause  the  11  ghosts "  in 
forging.  The  latter  are  probably  the  worst  defects,  and  as 
can  be  seen  in  Fig.  5，  must  seriously  reduce  the  ductility  of 
the  plate  as  regards  bending  ；  they  may  also  tend  to  give  a 
rough  surface  in  rolling  by  sticking  to  the  rolls,  and  will 
assist  in  causing  corrosion  when  the  plate  is  in  the  boiler. 
The  nature  and  origin  of  these  local  segregations  have  been 
dealt  with  by  Dr.  Stead  in  a  lecture  on  "  Pho^pliides  and 
Carbides  in  Iron,"  and  it  is  to  be  hoped  that  steel  makers  will 
endeavour  to  produce  ingots  for  such  important  plates  with 
a  minimum  amount;  probably  the  best  plan  is  to  keep  the 
phosphorus  content  as  low  as  possible. 

Dressing  plates,  as  now  done  with  an  electrically  driven 
emery  wheel,  is  per  se  generally  supposed  to  produce  no  bad 
effect,  and  probably  this  is  true  if  only  the  surface  is  cleaned. 
If,  however,  an  extensive  deep  defect,  produced,  say,  by  scale 
being  rolled  in,  is  removed,  it  is  quite  conceivable  that  when 
the  plate  is  bent  local  stresses  are  produced,  seeing  that  the 
resistance  to  bending  varies  as  the  square  of  the  thickness. 
These  stresses  may  be  serious  in  amount,  and  in  some  cases 
may  be  even  one  of  the  primary  causes  of  failure. 

(To  be  continued.) 


THE  WORKS  OF  THE  BRITISH  OXYGEN  COMPANY,  LTD. 

On  Saturday,  May  9th,  a  party  of  members  of  the  Institute  of 
Marine  Engineers  paid  a  visit  to  the  works  of  the  British  Oxy- 
gen Company,  Ltd.,  Elverton  Street,  Westminster.  In  1886 
the  company  commenced  the  manufacture  of  oxygen  by  the 
barium-oxide  process.  Seven  or  eight  years  ago  apparatus  was 
installed  for  the  production  of  oxygen  by  the  liquefaction  of 
air,  and  after  running  the  two  processes  for  a  while,  the 
barium  process  was  at  length  entirely  superseded  and  all  the 
oxygen  now  produced  by  the  company  is  obtained  by  the 
liquid  air  process.  During  recent  years  the  demand  for 
oxygen  has  considerably  increased,  chiefly  due  to  the  general 
adoption  of  the  oxy-acetylene  process  of  metal  cutting, 
welding,  &c.，  the  company  now  supplying  from  their  different 
works  throughout  the  country  upwards  of  1^  million  cubic 
feet  per  week.  In  the  Westminster  works  there  are  two  liquid 
air  plants  in  operation,  one  capable  of  producing  about 
500  cub.  ft.,  and  the  other  1,000  cub.  ft.  per  hour.  Economy 
of  space  being  an  essential  consideration,  Diesel  engines  have 
been  installed  for  driving  the  plant,  of  40  b.h.p.  and  80  b.h.p. 
respectively. 

The  air  is  first  purified  by  being  drawn  through  tanks  con- 
taining caustic  soda.  It  is  then  compressed  by  means  of  a 
3-stage  belt-driven  compressor ^  the  pressures  at  the  different 
stages  being  401bs.，  4001bs.，  and  l，0001bs.，  approximately. 
Iuter-coolers  are  provided  to  keep  down  the  temperature,  and 
before  the  air  is  passed  into  the  separator  it  is  further  reduced 
in  temperature  and  all  traces  of  moisture  removed  by  means  of 
high-pressure  dryers  containing  calcium  chloride  and  a  C02 
cooling  apparatus,  on  leaving  which  the  air  is  considerably 
below  the  freezing  point.  It  then  passes  down  to  tlie  separator, 
which  consists  of  a  suitable  case  containing  a  series  of  spiral 
coils,  or  temperature  interchanger,  through  which  the  ]>re- 
cooled  compressed  air  passes  on  its  way  to  the  expansion  point 
near  the  bottom  of  the  separator.  Within  tliese  coils  is  placed 
the  rectifying  column  (or  central  tube)  and  the  container  for 
collecting  liquid  oxygen. 

The  compressed  air  passes  down  the  interchanger  coils  and 
through  the  liquid  container  to  the  expansion  valve,  where 
the  pressure  is  allowed  to  drop.  The  air  which  has  been  cooled 
by  expansion  is  then  taken  up  and  enters  the  rectifying 
column  through  the  funnel-shaped  opening  near  the  top, 
leaving  the  separator  through  the  large  tube  which  connects 
the  top  of  this  column  with  the  bottom  of  the  outer  tube  of 


the  interchanger.  In  tins  way  the  compressed  air  on  its  way 
to  the  expansion  point  is  surrounded  by  colder  air  which  is 
passing  off  through  the  coils  in  the  opposite  direction,  so  that 
the  temperature  of  the  compressed  air  is  being  contiinially 
lowered  until  it  reaches  the  point  of  liquefaction.  The  air 
wliicli  now  liquefies  at  the  expansion  valve,  enters  the  top  of 
the  rectifying  column  by  the  funnel  mentioned  above.  In  falling 
through  this  column  the  temperature  is  slightly  increased 
the  more  volatile  nitrogen  boils  off  and  rises  to  the  top  of 
the  column,  from  which  it  is  discharged  through  the  inter- 
changer coils.  The  liquid  oxygen,  which  collects  in  the  con- 
tainer at  the  bottom  of  the  separator,  is  allowed  to  evaporate 
slowly  into  the  pipe  leading  to  the  gasholder,  in  which  it  is 
stored  ready  for  compressing  into  cylinders.  Liquid  oxygen 
boils  at  182*9°  C.，  and  liquid  nitrogen  at  195*8°  C.  It  is  there- 
fore possible  to  separate  the  two  gases  by  allowing  the  nitro- 
gen to  boil  off  at  the  lower  temperature. 

It  is  usual  to  employ  two  forecoolers  and  separators  to 
ensure  continuous  working,  for  when  ice  (due  to  the  untrapped 
moisture  in  the  air)  has  accumulated  to  such  an  extent  as  to 
cause  a  blockage  in  one  unit,  the  other  can  be  put  into  opera- 
tion while  it  is  allowed  to  thaw.  In  practice  this  freezing  up 
is  found  to  occur  after  six  or  seven  days  of  continuous  work. 
A  sample  of  the  liquid  oxygen  was  drawn  off  in  a  test  tube, 
and  on  a  piece  of  flexible  rubber  tubing  being  inserted  it  was 
immediately  frozen  and  rendered  rigid  and  brittle  ；  a  small 
quantity  of  the  liquid  poured  into  a  pail  of  water  at  once  pro- 
duced a  coating  of  ice.  The  compressors  charging  the  oxygen 
cylinders  work  at  a  pressure  of  l，8001bs.  In  order  to  obviate 
the  use  of  oil  in  any  form,  the  plungers  are  made  of  gunmetal 
and  water  lubrication  is  adopted .  Every  cylinder  is  periodi- 
cally tested,  the  expansion  and  reaction  of  the  metal  under 
pressure  test  being  indicated  by  a  water  gauge.  All  cylinders 
are  annealed  once  in  every  four  years. 

Various  kinds  of  apparatus  for  the  use  of  oxygen  are  made 
on  the  works,  in  particular  blow  pipes  for  use  in  the  oxy- 
acetylene  processes,  regulating  valves  for  the  use  of  oxygen 
in  smoke  helmets,  diving  gear,  &c.  A  demonstration  of  oxy- 
acetylene  cutting  and  welding  was  given,  a  piece  of  5in. 
armour  plate  being  cut  through  in  a  few  minutes,  and  a 
weld  effected  in  a  piece  of  iron  pipe.  Refreshments  were 
kindly  supplied  to  the  visitors  and  a  vote  of  thanks  was  after- 
wards accorded  to  the  company  on  the  proposal  of  Mr.  J.  E. 
Elmslie,  seconded  by  Mr.  W.  McLaren.  The  tour  of  the  works 
was  made  under  the  guidance  of  Mr.  S.  M.  Thomson  and  Mr. 
S.  T.  Clark. 


Boiler  Explosion  on  s.s.  "Bull  Dog." ― The  formal  investigation 
ordered  by  the  Board  of  Trade  to  be  held  in  this  matter  is 
fixed  for  hearing  in  the  Sessions  Court,  Law  Courts,  Hull,  on 
Thursday  the  4th  proximo,  at  11  a.m. 

Tests  of  Aeroplane  Engines. 一 Quite  a  number  of  manufac- 
turers of  motor  engines  have  responded  to  the  offer  of  the 
Government  of  a  prize  of  £5,000  for  the  engine  which  comes 
out  best  in  the  series  of  severe  trials  which  have  been 
arranged  to  take  place  at  the  Royal  Aircraft  Factory  at  Farn- 
borough.  In  addition  to  the  premier  prize  £100  will  be 
awarded  to  the  makers  of  each  engine  which  passes  certain 
of  the  tests,  while  the  Government  will  place  orders  to  the 
amount  of  £40,000  with  makers  whose  engines  fulfil  certain 
requirements.  Altogether  29  different  types  of  engines  de- 
signed for  aeroplane  work  have  been  entered,  the  horse-power 
ranging  from  90  to  200,  the  first  essential  in  each  being  that 
with  the  exception  of  the  magneto  every  part  is  of  British 
manufacture.  The  six  types  benched  for  the  opening  of  the 
competition  are  a  six-cylinder  Argyll,  120  h. p. ，  of  the  single- 
sleeve-valve  type,  the  first  attempt  by  this  firm  in  aeroplane 
engine  construction,  and  an  eight-c)Tlinder  set  in  a  double  set 
of  four  at  an  angle  of  90。，  also  a  first  attempt  ；  an  eight- 
cylinder  E.N.V.  engine  of  100】i.p.,  an  eight-cylinder  White 
and  Poppe  of  improved  type  ；  a  seven-cylinder  Dudbridge, 
95  h.p.，  a  French  design  but  of  all-British  manufacture,  the 
cylinders  being  set  round  a  central  shaft  like  spokes  in  a 
wheel  ；  and  an  eight-cylinder  Wolseley  of  135  h.p.  All  are 
water-cooled,  but  some  of  the  engines  entered  are  air-cooled. 
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THE  FLYING-MACHINE  FROM  AN  ENGINEERING 
STANDPOINT, 

HY  FUEUKIilC  K   WILLIAM  LANCIIKSTKK,  M.INST.C.E. 

(Continued  from  pugc 
(3)  Tin  of    〃'.、'/■、'〃〃〃•'  .         1 1  aving     estahlislicd     I  Im1 

ooiuMa I  cliarMcler  of  airway,  or  track  on  wliicli  the  flying 
machine  is  sust;iim"i，  we  pass  directly  to  the  consideration  ol' 
t he  faw  of  resistance,  as  determining  <tlie  coeHicient  of  trac- 
1  ion  on  whirl  I  <l(、|)('ii(ls  the  power  (»x|)(Miditure.  It  is  cus- 
tomary, and  it  is  correct,  to  regard  t lie  resistance  cncouiitcn'd 
by  h,  macliino  in  flight  as  made  up  of  two  parts  first  ly,  t  li<1 
direct  resistance,  wliicli  varies  ;i|)|)i()xiinately 十  as  V~,  viz., 
that  form  o f  r(、sist;m('(、  connnon  to  llyin^'  machiiies,  (Ih'igil 山 >s， 
motor-cars,  ships,  &c,  in  other  words,  the  ordinary  resistance 
experienced  by  ai'v  vessel  or  body  in  its  passage  tlirou^li  a 
fluid  ；  and,  secondly,  the  lli^ht  r(、sist;mrr  proper  wliicli  follows 
； i ti  entirely  clilTeront.  lcgime. 

So  far  as  the  pilot  or  aviator  liiniscli'  is  concernecl  all  the 
direct  resistances  may  be  regarded  as  of  the  same  kind  and 
grouped  together,  viz.,  the  sum  of  the  eddy-making  and  skill- 
I  ric(  ion;i  1  resistances  due  to  the  fusil lage,  the  ali^litin^  chassis, 
a  nd  t  he  various  struts,  stays,  ； i  n<(  spars,  whether  licloii^in^ 
to  the  body  of  the  macliiiie  or  aerofoil  ；  also  the  engine  resis- 
tance (if  exposfMl ),  ilio  radiator,  and  the  frictionally- (，xi>os('<l 
surfaces  of  the  rudders,  lins  (v(M't ical  surface),  and  of  the 
aerofoil  itself.  Resistance  from  all  these  causey  varies  approxi- 


mately at  V-,  ； it ul  so  ran  be  represented  hy  an  equiv'ik'iit, 
norma]  plane,  and  this  equivalent'  liunnal  j)lane  is  one  of  the 
resistance  constants  of  any  given  madiiiit1  ；  it  may  be  repre- 
sented by  a  graph  a  <i  (Fig.  11) ― a  portion  of  a  parabola ― 
covering  the  range  of  speed  of  which  the  machine  is  capable. 

Prom  the  point  of  view  of  the  pilot  the  aeroclynainir 
resistance  h  by  which  goes  to  make  up  the  total  c  c  (Fig.  I  1)， 
follows,  within  limits,  the  inverse  square  law,  viz.,  varies 
/t'/ V",  where  k  is  a  constant  determined  by  the  design  of  the 
aerofoil  ；  there  is  a  critical  angle  which  defines  the  low  velocity 
limit  of  this  law,  and  at  best  the  inverse  square  law  is  l)ut 
an  approximation  ;  it  is  the  correct  law  to  assume  for  ;\  w 
undefined  form  of  aerofoil,  but  every  individual  design  lias 
its  own  particular  manner  of  variation,  、vlii('h  must  be  ascer- 
tained by  experiment.  The  experimental  determinations 
for  any  aerofoil  include,  with  the  aerodynamic  resistance,  the 
skin  frictional,  and  a  certain  amount  of  other  inseparable 
direct  resistance,  so  that  if  experimental  values  are  taken 
these  resistances  should  not  be  again  included  in  the  compu- 
tation ot'  the  e(|ui valciit  noi'inal  plane. 

*  The  "  James  Forrest  "  Lecture,  1914,  delivered  befon-  tin*  Institution  of  Civil 
Kn-.'inr<'rs,  May  19】4. 

+  The  V2  law,  it  would  nppciir,  in  no  case  exact  ly  represents  thr  ； u-tnaf 
facts ;  the  ^It'part  iirrs  from  Mi  is  law  crop  up  in  \  ni  i»>us  and  sometimes  most 
uiit'XiM'cted  directions.  In  t  lit1  nx^v  of  resist  ； uii-r  ilur  t  n  >kin  frirt  ion  siilliriciit 
<ii»ta  exist   to  t he  山' of  <lt*part im'  from   tin*   law    to  1"'  n>m,'ii"''l  : 

in  otlicr  cases,  as  for  example,  in  the  pressure  rt':ut""i  fxpt'iienciMl  h.v  ;tn 
iiicliut'ii  plant'  or  ； icmfoil.  ilrparl  uves  <>f  a  ilitl'cictit  kind  r  lu-t'ii  ilnnonKt  v,\  t  n\, 
ami  ； i re  heiim  «i ;nlnall>  rluri<I;it r<|  liy  rxpciimciil al  invt '-、 1  i'::" "、".  In  spite  of 
these  sliortcoininus.  the  foundal ion  theory  of  flii^lit  is  t<vd:iy.  and  piobably  will 
conl imiu  to  be,  based  uu  the  \  '  law. 


From  tlie  point  of  view  of  the  dcsi^nor  things  wca r  a 
somewhat  dif【enmt  aspect,  and  a  sliarp  line  lias  lo  Im,  drawn 
helweeu  two  difTerent  classes  of  direct  resistaiu  r*.  I  n  t  Im*  fir  I 
place,  there  is  the  l)ody  reHistance,  which  is  taken  to  iiichifle 
the  resistance  of  all  tliose  parts,  such  as  fusilla"n'，  ； ili"'lit"i"' 
gear,  &c.，  which  is  indcpciKlciit  of  the  design  oi"  t Ih»  acrol'oil. 
In  the  second  place  there  is  the  direct  aerofoil  r'.+"'m'  , 
including  the  skin  I'rirtion  and  strut  and  stay  r'  ：  i  . 
which  are  variables  depending  l.lie  area  and  sp;iii，  and 

otherwise  upon  the  design  of  tlie  aerofoil  itself.  Tho  dosi^m-r 
can  by  sufficiently  extending  the  aerofoil  redii'  ,'  t  li''  :i''ro 
dynamic  resistance  (as  shown  by  Lan^ley)  to  as  low  a  value 
as  he  please,  within  the  limit  prescribed  by  the  question  of 
the  added  weight;  but  this  redurlion  in  the  aerodynamic  re.sis- 


\V 

Fig.  1-2. 

tance  is  accompatiied  by  an  increase  of  skin  frictional  and 
other  direct  aerofoil  resistance,  so  that  for  any  given  in;"'lime 
and  designed  velocity  there  is  an  extent  of  aerofoil  beyond 
which  it  does  not  pay  to  go  ；  there  is  definitely  a  design  of 
least  resistance. 

I  have  shown  that,  treating  the  matter  from  the  broad 
standpoint  of  general  theory 3  the  condition  of  least  resistance 
is  reached  when  the  aerodynamic  aud  direct  resistance  of  the 
aerofoil  are  equal  to  one  another. J  This  is  illustrated  by 
Fig.  12,  in  which  (as  in  Fig.  11)  a  a  represents  the  graph  of 
the  direct  resistance  (R  a  V2),  and  b  b  that  of  aerodynamic 
resistance  (R  gc  1  /  V2),  and  c  c  is  the  total  (ordinates  =  resis- 
tance, abscissa  =  velocity).  In  Fig.  13  a  similar  result  is 
shown,  in  wliicli  the  plotting  is  given  for  constant  velocity 
(abscissae  =  area) ,  as  representing  more  literally  the  problem 
as  presented  to  the  designer. 

The  general  theory  on  which  the  foregoing  result  is 
depends  upon  and  is  subject  to  the  limitations  of  the  1/ V" 
law  of  aerodynamic  resistance.    This  law  corresponds  to  tlie 
straight-line  law  as  correlating  pressure  and  angle,  and  is  a 


Fig.  13. 

close  approximation  between  useful  limits,  but  breaks  down 
at  a  certain  critical  maximum  angle  (depending  mainly  upon 
the  aspect  ratio),  as  shown  in  tlie  examples  given  in  Figs. 
14a  and  14b.  The  square  plane  follows  a  straicjlit-line  law 
up  to  about  30°,  in  the  plane  of  aspect  ratio  =  6  :  the  limit 
is  about  12°,  the  breakdown  of  tlie  law  at  these  limiting  angles 
put^  a  very  difTerent  limit  to  flying  at  low  speed. 

I  have  demonstrated  that  the  condition  of  least  r，， 、卜 
tance  implies,  for  an  aerofoil  of  any  given  aspect  ratio,,  a 

%  •'  Aerial  FligUt,"  Vol.  I.,  ch.  vii. 
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definite  value  of  the  angle  of  trail"', 卩, Fig.  15  ；  the  chord 
angle,  except  where  a  plane  lamina  is  used,  is  an  accidental 
(jiiar.tiiy,  a nd  not,  as  frequently  supposed,  one  of  fun'l;i 
ninital  importance  ；  calculated  values  of  trail  angle  /3  for  least 
resistance  are  given  in  Table  IV.  Thus  any  aerofoil  properly 
designed  for  least  resistance  for  any  given  velocity  of  flight 


Fig.  14a, 

Table  IV. ~  Vahnjs  of  /3  (.1  /u/Ie  of  Trail)  for  /"'.、'/-、■〃〃〃','■ 


Aspect  Ratio. 

i=0- 

020 

t=o- 

015 

sf  =  0- 

010 

3 

0 

189= 

li' 

8° 

0 

163  = 

9 

3° 

0 

133  = 

.7 

6° 

4 

0 

196  = 

11 

2° 

0 

109  = 

9 

7° 

0 

138  = 

7 

9° 

.". 

0 

11 

6° 

0- 

174= 

III 

0° 

0 

142  = 

8 

1° 

6 

0 

206  = 

11 

8° 

0- 

178  = 

li' 

2° 

0 

145  = 

8 

3° 

0 

212  = 

12 

15° 

0- 

183  = 

10 

5° 

0 

149  = 

8 

5° 

8 

0 

218= 

ll' 

5° 

0- 

189= 

10 

8° 

0- 

154  = 

8 

8° 

will  be  correctly  designed  for  every  other  velocity  provided 
that  its  load  per  unit  area  be  varied  as  the  square  of  the 
flight  velocity. 

It  thus  becomes  possible  to  prepare  tables  of  mean  pressure 
values  proper  to  least  resistance  for  different  flight  velocities 
and  different  values  of  aspect  ratio  (Table  V.).  Tables  IV. 
and  V.  are  reproduced  from  my  "  Aerial  Flight/'  Vol.  L， 
pp.  261，  262,  and  271，  the  variable  factors  in  addition  to  the 
flight>speed  being  the  aspect  ratio,  which  is  here  shown  as 
tabulated  for  values  from  3  to  8，  and  the  coefficient  of  skin- 


■' 

/e 

hum  e  F 
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friction  values  of  which  are  taken  from  O'Ol  to  0'02  double 
surface  coefficient.  These  values  for  skin  friction  are  on  the 
high  side,  but  as  an  actual  fact  the  values  given  do  fairly 
represent  the  total  direct  resistance  that  in  practice  depends 
upon  the  area  of  tlie  foil,  and  which  requires  to  be  included 

*  It  is  not  easy  to  define  the  angle  of  trail  of  an  aerofoil  when  the  section  is 
one  of  considerable  body;  clearly  it  is  sonu-thin^  intermediate  between  the  upper 
and  under  surfaces,  probably  more  nearly  approximating  to  the  former,  as  shown 
by  the  dotted  line  in  Fig.  15. 


iii  tlie  useful  application  of  the  theory  ；  the  higher  values, 
generally  speaking,  represent  more  closely  biplane  conditions, 
and  the  lower  values  are  more  applicable  in  the  case  of  tlie 
monoplane. 

Table  V.—  Pferj/fjoif/  A  croffHl. 
L(m(l  (pounds)  per  S(juare  Foot  for  Least  Resistance. 


\rcl(K'il  y. 
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0 
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0 
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0 
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0 
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0 
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0 
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0 
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0 
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30 

0 

610 

0 
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0 
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0 
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0 
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6 

35 

0 
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0 
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1 

01 

1 

08 

1 
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1 

24 

II 
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40 
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1 

20 

1 

32 

1 

42 

1 

51 

«2 

50 

1 
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88 

2 

06 

2 

22 

2 
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2 

53 

(id 

2 

44 

2 

70 

2 
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3 

20 

3 

40 

3 

Ii4 

70 

3 

32 

3 
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4 

05 

4 

35 

4 

H4 
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4 
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0 
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01 

1 
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15 
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1 
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1 

58 

1 

67 
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60 
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J 
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2 

10 
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2 

40 

2 
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2 
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10 

3 
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3 

51 

80 

3- 

04 

3- 

38 

3 
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4 

27 

4 

59 

It  would  appear  from  recent  experiment  that  my  con- 
clusions, as  given  in  Tables  IV.  and  V.，  though  in  the  main 
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correct,  require  revision,  at  least,  in  a  quantitative  sense. 
Thus,  plotting  values  of  the  pressure  constant,  as  derived  from 
Table  V.,  for  different  values  of  aspect  ratio,  and  as  deter- 
mined for  the  condition  of  least  resistance  (max.  lift/drift) 
by  the  National  Physical  Laboratory  (Fig.  17)，  we  find  the 
two  in  perfect  agreement  for  aspect  ratio  =  6  ；  we  also  find 
that,  both  graphs  slope  in  the  same  direction,  viz.,  they  give 
a  higher  pressure  constant  as  appropriate  to  higher  aspect 
ratio;  we  do  not,  however,  find  justification  for  the  extent 
of  the  difference  as  given  in  my  table  ：  the  N.P.L.  curve 
gives  the  effect  as  very  slight  indeed,  in  fact,  almost  negli- 
gible, the  pressure  constant  for  tlie  aerofoil  tested  might  be 
assumed  as  0"32  for  all  values  of  aspect  ratio  without  serious 
error. 十 

In  Fig.  18，  the  N.P.L.  curve  from  Fig.  17  lias  been  plotted 
for  comparison  with  the  curve  of  the  normal  plane.  It  is 
well  known  that  the  pressure  constant  of  the  normal  plane  is 
greater  for  planes  of  elongate  form  ；  the  normal  plane  curves 
given  in  Fig.  18  are  based  on  the  determinations  of  Langley 
and  Dines,  as  given  in  "  Aerial  Flight"  (the  upper  curve) : 
and  the  more  recent  determinations  of  Mr.  Eiffel,  the  values 
according  to  this  authority  being  very  much  lower.  On  the 
left,  on  the  line  aspect  ratio  =  1，  we  have  the  value  for  the 
square  plane  as  determined  by  the  N.P.L.,  and  a  curve  is 

+  The  series  of  observations  from  whicli  the  curve  N.P.L.  in  Fig.  17  was 
plotted  are  those  given  in  Advisory  Committee  Report  1911-1912.  Memorandum  60. 
§  vi，  Plate  3;  the  section  of  the  form  of  aerofoil  u^ed  is  piven  in  the  Report, 
nnd  is  ri'|'r'"lii''i'<l  in  silliom'tti'  in  Fi^.  IS.  The  value  of  the  pre-s-sure  const;int 
(at,  niiixiiiiiuii  lift/drift)  evidently  varies  considerably  for  different  forms  of 
section.  Rejecting  forms  that  may  be  considered  bad  on  account  of  their  low 
liKiximnm,  we  find  :  In  Report  72  (1912-1913)  the  fourth,  fifth,  and  sixth  sections 
given  in  Fig.  1，  constants  0-322.  0-334,  and  0*334  respectively.  In  the  same 
Report,  section  ii.，  figures  are  given  of  the  tests  of  four  aerofoils  varied  as  to 
blunlness  of  leading  edRe.  The  three  best  of  these  each  had  a  constant  ai>proxi- 
mately  0-4.  In  the  same  Report  an  aerofoil  corresponding  in  form  to  "  R.A.F.  6" 
gave  a  value  almost  exactly  0*3. 
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shown  (doth^l)  di  reeled  Iowa 
nearest  we  c;in  ； il'  }>resent  do  " 


as  being  the 
presenlat ion  of  the 


The  relation  of  Hie  normal  plant1  curve  to  tlic  N  T.L.  ctu  vc 
aforesaid  is  most  suggestive  ；  it  happens  that  the  values  of 
the  conslaiits  are  almost  exactly  in  the  relation  of  two  to 
one ― this  is  |)rohably  a  mere  coincidcnco  ；  a  more  important 
fact  is  that  the  increase  of  tlio  pressure  constant  of  least 
resistance  (touching  changes  of  aspect  ratio)  for  the  aerofoil 
is  a i most  exactly  proportional  to  tlie  ordinary  pressure  in- 
crease in  the  case  of  variations  of  proportioii  in  the  normal 
plane.  Tliis  suggests  that  the  iiicreas*1  in  the  two  cases  is  due 
[o  1 1 h»  same  pi'imury  cause  ；  also  that  the  coefficients  of  camber 
proper  to  least  resistance  is  a  quantity  independent  of  the 
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Fig. 


pect  ratio.  II'  tliis  should  turn  out  to  be  the  case  the  reduc- 
tion of  the  resistance  for  aerofoils  of  high  aspect  ratio  may 
be  regarded  as  due  entirely  to  the  fact  that,  where  the  cyclic 
component  is  stronger,  the  dip  of  the  leading  edge  can  be 
increased  at  the  expense  of  that  of  the  trail,  that  is  to  say, 
the  chord  angle  may  be  diminished  with  higher  aspect  ratio, 
and  with  it  the  trail  angle  will  be  also  diminished.  This  is 
contrary  to  the  tabulated  results  of  Table  IV.  ;  if  truo,  it 
must  lead  to  the  reconsideration  of  some  of  the  assumptions 
on  which  I  based  my  theory,  or  at  least  in  the  revision  of  some 
of  the  values  of  my  constants. 

In  spite  of  the  evidence,  it  is  by  no  means  certain  that  the 
matter  is  quite  as  simple  as  it  appears.  It  is  to  be  observed 
that  any  investigation  to  determine  the  effect  of  aspect  ratio 
must  of  necessity  involve  a  very  complex  experimental  cam- 
paign, not  merely  a  set  of  determinations  with  some  half- 
dozen  or  so  models  sawn  off  to  length  from  a  piece  of  Bleriot 
or  de  Havilland  "  mouldings  ，，  ；  this  is  exactly  what  was  done 
in  the  experiments  forming  the  basis  of  the  plotting  given  in 
Fig.  17  ；  any  such  method  of  investigation  is  liable  to  prove 
delusive.*  - 

In  the  first  place,  each  aspect  ratio  should  be  explored  by 
a  number  of  determinations  using  aerofoils  of  varying  cam- 
ber ； secondly,  ^lie  aerofoil  section  must  not  be  uniform  from 
end  to  end,  the  section  must  be  u  graded/'  or,  as  it  is  some- 
times expressed,  the  camber  must  "  wash  out  "  at  the  extre- 
mities. Beyond  this,  not  one  series  must  be  tried  but  some 
dozen  or  more.  The  final  "  winner  "  for  each  aspect  ratio 
is  the  aerofoil  of  greatest  lift/drift. 

In  my  opinion,  in  the  present  unsatisfactory  state  of 
things,  it  is  best  (so  far  as  the  pressure  constant  is  concerned) 
to  assume  a  uniform  value  for  all  values  of  aspect  ratio,  say, 
that  given  as  appropriate  to  aspect  ratio  =  6  in  the  Table  V. 
Whether  we  consider  the  N.P.L  result  as  valid  or  not,  the 
salient  fact  is  that  we  have  at  present  no  sufficient  evidence 
that  there  is  any  change  in  the  pressure  constant  worth  taking 
into  account.  Alternatively  we  are  not  going  far  astray  if 
we  assume  aerofoil  pressures  equal  to  half  the  pressure  on  the 
normal  plane,  as  shown  in  Fig.  18. 

The  most  important  fact  with  which  we  are  immediately 
concerned  in  connection  with  tlie  theory  of  least  resistance  is 
that  the  total  aerofoil  resistance  for  least  value  is  almost 
constant  in  respect  of  velocity  :  in  other  words,  provided  that 
we  design  for  least  resistance,  we  know  our  traction  coefficient 
in  advance  ；  it  is  virtually  a  constant,  just  as  thougli  the 
problem  were  that  of  an  automobile  required  to  ascend  a  liill 
of  known  gradient -― an  analogy  which  comj)reheiuIs  the  fact 

*  It  is  an  old  axiom  that  in  conduct inj;  a  .、ri""tilk'  rcscaifh  only  out'  rondit  ion 
(when  possible)  should  be  clumped  at  a  timt'.  In  trying  to  adhere  \n  tln>  nih- 
too  literally  it  is  easy  to  mislako  tin-  sluwlow  for  the  substance  ；  in  tlie  present 
rxamplc,  to  vary  thf  k-n^th  of  an  aerofoil  of  constant  section  may  uppt  ar  super- 
licially  to  ，h'  ••  rlmnginy  one  rondit  ion."  hut  in  ii-ality  it  is  nothing  of  tlie  kind. 


that  tlicrc  is  the  direct  wind  reHiHtance  or  body  resisbime 
additional  in  l>otli  cases.  Tliis  coiistnnt  is  only  witliin  control 
inasmucli  as  by  careful  design  tin?  effective  value  of  tlie  i-tn-iW 
cient  of  skin  fraction  ^  can  he  kept  down,  and  a  high  a.、|,'' ， 
ratio  adopted.  Theoretical  value«  of  least  gl"J"ig  ； iiigl,'  ( tl i a t 
is  to  say,  resistance  rodieiit),  tabula t***J  for  values  {； 
and  aspect  ratio,  are  given  in  Table  VI. 十  It  is  of 
interest  to  enquire  to  what  extent  these  re.su Its  are  in  agree- 
ment with  modern  experiment. 

I  have  collected  experimental  data  from  various  sources  :  a 
series  of  aerofoils  of  Bleriot  section, J  aspect  ratios  vary  from 
3  to  8.    Detenninations  of  Voisin  wing  by  Mr.  Eiffel,  nspfct 
ratio  6  3.    Aerofoil  "  R.A.F.  6"  (Royal  Aircraft  Fartorv), 
aspect  ratio  6.    Aerofoils  from  my  1894  model,  aspect  ratio 
13  3，  Fig.  16，  independent  detennina 
 —，：         tious  by  N.P.L.  and  Gottingen  Labo- 
ratories.   The  above  are  given  in  Table 
VII.  ；  columns  1，  2,  and  3  give  the 
aspect  ratio,  type,  and  authority,  re- 
spectively ； column  4  gives  the  experi- 
mental      delerriiination,      ami       id  v 
theoretical  values  are  given  in  columns 
5  and   6   for  values  of  g  =  0  02  and 
^  =  0  015.    Table  VII.  is  shown  plotted 
in  Fig.  19,  the  relation  of  aspect  ratio 
to  lift/drift  being  represented  by  curves 
drawn  tlirougli  the  observed  and  calcu- 
lated values. 

It  will  be  noted  on  referring  to  Table  VII.  and  Fig.  19 
that  the  agreement  is  almost  complete.    The  two  cases  of  the 

Table  VI. —  Leant  (//if/int/  A  mjh  ( =  y,)  {Thf^oret  'tval). 
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6  aerofoil  are  shown  as  outlying  points,  not  being  fully  in 
agreement  with  the  main  run  of  the  remaining  experimental 
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determinations  j  it  will  be  noted,  however,  that  the  whole  of 
the  experimental  values  lie  between  the  two  adjacent  theoreti- 
cal curves  given,  and  the  general  form  of  the  experimental 
curve  corresponds  to  the  curves  given  hv  my  equations.  It 
is  true  that  there  is  something  in  the  nature  of  the  hump 
ou  the  experimental  curve,  the  extremities  of  which  corre- 
spond to  a  double  surface  coefficient  of  skin  friction  of  0*02, 
whereas  the  central  part  of  the  curve  round  about  aspect 
ratio  =  6  rises  nearly  to  the  upper  curve.    This  peculiarity  of 

t  From  "  Atrial  Fli«1it."  Vol.  I.,  p.  262. 

X  Uf po.  t  of  tlie  Atlvisiory  Cummitttf  for  Aeronaut 1911-11)12.  p.  75. 
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angular  character  of  the  curve  may  be  a  real  feature,  but  I 
am  disposed  to  think  that  is  more  probably  due  to  the  fact 
Unit  a  great  deal  more  experimental  work  has  been  done  in 
the  region  of  the  hump  of  the  curve,  and  so  more  highly 
perfected  forms  have  been  available  than  for  aspect  ratios 


the  "constant  gradient "  of  the  motor-car  analogy.  We  now 
pass  to  the  consideration  of  body  resistance. 

Table  VII. 
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of  greater  or  leys  value.  It  would  appear  probable  that  if 
equal  diligence  were  displayed  in  designing  and  testing  forms 
of  other  aspect  ratios  the  upper  theoretical  curve  =  0*015) 
would  be  found  to  be  very  close  to  the  truth  :  some  confirma- 
tion of  this  is  found  in  the  fact  that  the  best  value  for  the 
R.A.F.  6  aerofoil,  a  form  that  had 
been  subject  to  considerable  study  both 
by  the  Royal  Aircraft  Factory  and  the 
National  Physical  Laboratory,  lies  con- 
siderably above  the  curve  representing 
the  run  of  other  observations. 

In  the  National  Physical  Labora- 
tory report  to  me  on  the  tests  of  my 
1894  model,  it  is  stated  that  if  it  had 
been  found  possible  to  employ  a 
velocity  of  50ft. -seconds  instead  of  , 
30ft.-seconds,  the  figure  obtained  would  ' 
probably  have  reached  the  neighbour- 
hood of  20.  This  value  is  also 
plotted  as  an  outstanding  point  in 
Fig.  19. 

Summarising  the  position,  it  is 
clear  that  the  tractive  effort  required 
to  overcome  flight  resistance  proper, 
viz.,  the  aerofoil  resistance,  need  not 
exceed   1   in   12  to    1    in    14，  that 

is，  7  or  8  per  cent.,  using  an  aspect  ratio  of  about  6，  and  that 
values  less  than  this  are  to-day  actually  reached  in  existing 
machines.  It  is  furthermore  apparent  that  if  it  is  found 
practicable  to  employ  really  high  aspect  ratio,  such  as  in 
my  early  flight  models,  there  is  every  reason  to  suppose  that 
a  resistance  coefficient  as  low  as  6  per  cent,  or  even  5  per 
ceut.  may  prove  to  be  attainable.    This  is  the  magnitude  of 


*  Velocity,  30ft.  per  second. 

t  Value  at  50ft.  per  second  (computed  by  N.P.L.). 
J  Velocity  not  stated. 

(To  be  continued .) 


The  Society  of  Engineers.— A  joint  meeting  of  the  Society 
ui'  Engineers  (Incorporated)  with  the  Institution  of  Municipal 
Engineers,  was  held  on  the  11th  inst"  when  a  paper  was  read 
entitled  ：  "Notes  on  the  Water  Supply  of  Greater  New 
York,"  by  Mr.  Wm.  T.  Taylor.  The  population  of  Greater  New 
York,  as  estimated  at  July  1st，  1913，  was  5,373,000，  and  in 
order  to  keep  pace  with  its  growth  of  approximately  135，000 
persons  per  annum,  it  was  long  ago  recognised  that  additions 
to  the  water  supply  system  would  be  inevitable.  The  source 
eventually  selected  was  the  Catskill  watershed,  about  100 
miles  distant  from  New  York,  having  an  area  of  nearly  900 
: (iimre  miles.  The  outstanding  features  of  the  works  are  the 
Ashokan  reservoir,  having  a  capacity  of  128,000,000,000  galls, 
and  an  area  of  8,000  acres,  and  the  Catskill  Aqueductj  the 
longest  and  deepest  in  the  world,  with  a  capacity  of 
500,000,000  galls,  a  day.  The  Board  of  Water  Supply  con- 
sists of  three  Commissioners,  appointed  by  the  Mayor  of  New 
York,  and  assisted  by  a  large  number  of  technical  experts 
and  assistants,-  and  the  author  describes  the  organisation  of 
the  engineering  bureau,  which  i.s  divided   into  five  depart- 


ments. The  Kensico  reservoir,  to  the  East  of  the  Hudson 
River,  has  a  capacity  of  29,000,000,000  galls.,  and  will  act  a? 
an  emergency  storage  reservoir,  so  that  the  supply  will  not 
be  interrupted  in  case  of  inspection,  cleaning,  or  accident  on 
the  77  miles  between  it  and  the  Ashokan  reservoir.  The 
paper  concludes  witli  tlie  description  of  tests  made  on  speci- 
mens of  concrete  and  metal  during  the  progress  of  the  works. 
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INDUSTRIAL  AND  TRADE  NOTES. 

South  Wales  Miners  and  the  New  Bill.  At  ； i  nicciin^  (»f  lln-  I :、。<  "l  i、 " 
(Nxiiicil  oi'  Ui*'  Soiitli  Wnlrs  Minrrs'  l'V(h'rat  imi ，  hold  on  Monday 
last,  tlio  new  Min<\s  Bill,  inirodurcd  l»y  tlir  I  l<»nic  Secret ;i ry ,  w;is 
consi(l(»rod.  As  a  rosult  of  the  discussion  :i  li'soliition  was  passed 
prottvstiii^;  against  the  iiction  (»!'  Liu*  -、 Iii"'rs'  l'、'<l('rat "iv:" 
Hritiiin  ill  iig  tlic  mcasii  re, ； 

(Ira w   tl"'ir  ； i|)prov;il,  ;m(l  insist   u | 
salVtv  in  rollii'rii's. 

Boilermakers'  Society.  - Tin'  niontlily  r"i">rl  lli"  lioiln mak.M-' 
Society  gives  the  result  of  the  ballot  vote  ()l  tlu-  mcmlxMs  on  ilu» 
adoption  oi  tl"、  |>olitic;il  imN'S  iimh'r  the  Tr;""'  Act, 
Tli*'  vote  lvsulttni  as  follows :  For,  4.(iH4  ；  against,  l,:ilf;.  This 
shows  a  niii.ini  it y  oi'  ."i(i8  in  favour  tlic  m('ml""'s  Ixmiijj;  levied  tor 
political  pnrpoyes.  The  total  m(、ml"、rsl"p  ol  tlic  Society  is  over 
()."),()()(».  Tli"  vote  t;i ken  on  t!n>  propost'd  working  w','ii"'iit  with 
(J">  Slii|>\\  ri^lits'  Siiciciy  n'sulU'd  as  follows  :   Fm\        ll  ；        i list . 

；  majority  ior，  l ,  IH~). 

Light  Railway.  -'Ilio  IUkihI  of  Tnule  have  ivwitly  cmiliniinl  the 
imdi-r  nu'iiliont'd  Ordor  nuule  l»y  tlio  Liglit  Hailwiiy  ('(mi 
missioiicrs  ：  Doncaster  Corporation  Light  Railways  (Extensions) 
Order,  liM  I,  iinthorisiii^  tho  constructioi)  oi"  light  railways  in  U"、 
urban  districts  ol  Balb.v  with  1  It'xthorpt'  :uul  of  Hcntlcy  with- 
Arksoy,  and  in  tin'  riinil  (lisLrict  of  Donciistci'  in  Hie  West  H  i<lin.<i 
ol'  tin'  (Nmnly  ol  York  in  t'xU'iisinn  oF  Uit'  cxistiii^  and  n u Lhoi'iscd 
light  raihv ay  mitlt>rt;ikiiig  oi  tlit'  Miiyor,  Aldermen,  and  hur^tisst\s 
oF  tho  Horou^h  oJ  I )onc;isU  r. 

Enquiry  into  Railway  Accidents. ~ Tli^  I'lcsitlcut  "f  t ho  J5oar*l  <»f 
'l、r:i(li'  has  iip])()iiite(!  a  coin ni i ttt-c  to  oii(|iiir<*  into  tlic  wm'kmg  i>f 
1  K;i  ilw  ay 卜： mplo.vmt'nt  (  Provontion  ol'  Ar('i(l''iit、）  Ac  1 ,  1"()(J，  im(l 
to  lvport  what  anuMidnuMits,  if  a ny ,  arc  i"'(  (、ssar,v.  Tlu*  iollou  injj; 
ai'o  tht1  incmliors  oi'  tlie  CommiittH'  :  Sir  Willi<nn  Collins,  M.l). 
(chainuan),  Mr.  (；.  N.  Uarnes,  M.V.,  Mr.  Oliver  Hiu-y,  Sir  Wiwd 
S\、mg,  Mr.  AValtcr  Hudson,  M.T.,  -、 lr.  、V.  F.  Mn i\\ ood,  "ml  Sir 
Hohcit  Turnhull.  Mr.  S.  (；.  Spencer,  of  tho  B'mnl  of  Trade,  will 
act  as  sccri'ta ry  to  the  C'onuuittee. 

Geared  Turbine  Steamer  for  South  America. ― There  was  launched  on 
the  l^tli  inst.,  from  tli'、  yard  nl'  i.-ssrs.  ('ammt'll.  Laird,  &  Co., 
Bh'kt'lilit'ad,  tho  twin  screw  st^nnier  "  Cuidad  Dt>  Bm'iios  Aires," 
the  first  of  two  vessels  building  i'or  the  Ar^fiit i no  Navigation  Com- 
pany. The  vessel  is  intended  for  croBS-channel  service  between 
Buenos  Aires  and  Monte  Video.  The  propelling  niachinery  con- 
sists of  two  sets  of  Parsons'  compound  geared  turbines.  It  is  note- 
worthy that  this  will  be  the  first  geared  turbine  steamer  built  for 
South  American  waters. 

Engineers  and  New  National  Agreement. ― The  Executive  Council  of 
tlu'  Anuil^a mated  Society  of  Engineers  liave  decided  to  ballot 
their  nicnihers  on  a  proposal  to  substitute  a  new  national  agree- 
ment with  the  Engineering  Employers'  Federation  for  the  old 
agreement  and  premium  memorunduni,  、vliich，  by  reason  of 

the  men，s  notice,  expired  in  Marcli.  The  men  are  recommended  to 
givo  the  necessary  powers  to  their  executive  to  negotiate  a  now 
agreement,  and  in  the  meantime  a  provisional  agreement  has  Immmi 
adopted  for  the  purpose  of  avoiding  any  stoppage  of  work  either 
of  a  partial  or  wi"'r:il  character. 

Mining  Legislation. ― The  Home  Secretary,  in  a  written  reply  to  the 
Chancellor  of  the  Exchequer,  says  he  does  not  anticipate  tltat  the 
(iov(irinnent  will  he  nhle  this  session  to  inti'("hi('t、  any  lt'gislat 
in  regard  to  the  mining  industry  beyond  the  Bill  whicli  is  now 
before  the  House.  He  points  out  that  the  question  (if  tlic  preven- 
tion of  coal  dust  explosions  and  other  points  w  Inch  have  been 
r;iis(Hl  l)v  tlic  reports  on  the  Scii^hcnycld  and  other  rectMit  disasters, 
ran  be  denlt  with  by  regulations  under  the  Act  without  legislation, 
and  he  hopes  as  soon  as  the  eiKjuirit^s  now  \u  liand  are  coinpletod 
to  propose  regulations  dealing  with  the  matters  in  question. 

The  Durability  of  Dcrmatinc  Hose.— A  striking  testimonial  of  the 
durability  of  Dermatine  Hose  has  been  received  by  the  Dermatine 
Company,  Ltd.,  Neate  Street,  Camberwell,  London,  S.E.,  from  Mr. 
W.  Ryder  Richardson,  the  well-known  secretary  of  the  Koyal  St. 
George's  Golf  Club,  Sandwich,  Kent,  where  the  Amateur  (；" It' 
Championship  coinnu'iK-tMl  on  the  18tli  inst.  He  states  that  "  Aft,  i 
various  trials  I  have  not  found  any  hose  that  stands  such  liard  wear 
as  the  Dermatine  Hose.  If  this  weatlier  continues,  we  shall  Ik- 
using  the  hose  day  and  night,  especially  just  now,  prior  to  the 
amateur  championship,  when  we  want  the  greens  in  extra  good 
order." 

Employment  in  the  Eng'ncering  Trades. 一 According  t o  t lie  LaJ,o、ir 
D，'part，m"it  of  tho 】5oanl  ol'  Tr:i 山、， omployiiuMit  in  April  coiitiniHHl 
good  on  tlio  w  hoh\  and  sh(、、、(、(l  littlr  ^t'lU'inl  ('haw  t  Com  tl"、 
previous  moiitli.  Tlu»  ('(»al  mining,  t'liginwrirji;.  and  shiplmildi n,u 
trades  、v("v  still  w  oil  employed,  hut  Uhm  o  was  somo  dccliiu*  in  pig- 
iroii  iind  steel  and  tinplato  niaiiui'jicliu*\  C'ompiuvd  \\  ith  a  yoa r 
ago  (Miiploynient  showed  a  decline  w  Inch  w  as  ospooially  niarktMl 
iu  tho        iron  and  steel  and  o]]^ino(M'in«;  t ra Jos.    Tlie  ohan,mks  in 


rates  of  、vap's  v\  tiicli  (  am',  into  oporalion  in  April  nWocict]  2.*»0.0()() 
、v()rkp«M>|jl<'，  <>('  wliorn  A(iJ)Ui)  received  an  in<n-;isc  ol  LU>0  \i*  t 
"e('k，  and  2(,1，()""'  sustained  ;i  (I,'m'.';,s'.  ol  Clii.(H)0  r  、、''''l"  tin* 
i"»t  result  U'iiig  a  dccrcjisc  ol'  LHJiH)  |，（'r  w  eel, . 

Shropshire  Railway  Development.  -In  tli',  niinual  report  tlic 
Sliropslii»-(^  ami  IUm'tgmiii:r.v、l"'v  Li^lit  Itailu  ay  ( 'out p;i ny  rff<-r 
once  is  inado  to  a  pr"pi'Mr(l  r:i  ilu  :i.v  rh'Vi'lopiiM'iit  in  Sin  ojisliiif. 
IMio  |)rcs(*nt  railway  coutiollrd  l>y  this  /oinpaiiy  ""、  r<*  ojii  rn  'l 
somo  two  years  a^o  afttT  having  lain  rlcrdirt  ")r  ov*t  .'(0  .、''："、. 
KoriiKM  ly  it  u  ns  known  as  tin*  Old  l'i,U'''  i''s  Hailu  ay,  and  tlu* 
original  intention  oi  tlio  proiiir)tcr.s  was  to  run  tlimiigli  from  t  lie 
Camljriiin  system  t(»  tli:'  Pottoiics,  lint  the  railway  ik*v«t  got 
I) '.vond  Slircwshmy.  Tl"'  r''|M)rt  tin*  directors  s。"*  、  tli;i L  、。- 1>、 
aro  h(Mii<;  ta kon  to  roviv(»  what  is  know  n  ； is  tin*  Mil rkct  Dravlan 
(extension  scluMiu*,  wliich  luis  l，（'<'i，  (lotinant  tor  sonir^  、'；"、.  .\ I 
Market  Dniyton  it  will   link    np   wit!i    tho   Nortli   St;iH',,i  ,l、lm  .' 

SVSttMll. 

New  Oil-carrying  Steamer. ―  Tli(、  （"(""""  k  ； nirl  Clriiii^f'inonLli  I)'  ' 
yard  Com  pa  ny  lau  iichcd  i  roin  tliri  c  (；  r*'''imH:  yard .  on  tl"'  1 5th 
inst.,  tho  oil-carrying  stoamoi*  "  Saxohinn,"  Ixiilt  ta  tlu*  ai  fh'V  ot 
tho  IN'ti'olc'mi  St(Munsliip  ('(,mp;uiv,  l.otidoii.  Tlic 山 m''i'、ioii、  nl 
the  vessel  are :  Ijcn^tli,  376ft.  ；  lir^ailtli,  5】 f  t.  ！' iii.  ;  f-arryin^ 
rapacity,  7,(X)0  tons  on  2m.  lOin.  draught.  Tlio  v'-ss'-l  lias  2H 
oil  tight  compartments  tor  tho  carriage  oi'  all  kinds  of  oil  in  Ixilk, 
from  l"、iizino  down  to  tlit'  hca vicst  ^liidcs.  Tl"'  p'mi|i  room- "山 
tain  powerful  sets  oi'  pumps  capable  of  pntnpin^  f rom  pitl"'r  、i'l'- 
of  tho  ship  and  oi'  discharging  ashore  from  ('itl"'r  side  <ir  w'r 
tlio  sL(»rn.  rriu\v  are  also  cap: 山 1*'  of  pimiping  from  m">  tank  into 
anotlior  and  (lischar^in^;  at  tlio  s;uiii、  timo.  Triple  r\p;in>ioii 
engines  will  bo  suppliinl  hy  Messrs.  Dunsmnir  &  Jaf'k.son .  (:'>v;m. 

Accidents  as  Related  to  the  Time  of  the  Week.— Tlic  ,| ，i,'、，  i.'ii  oi  tl"' 
influoiico  of  the  day  of  tlic  w cck  on  tho  immmIxts  ol  ； tccidcuts  、、； is 
touched  on  recently  in  an  address  by  Dr.  H;i  cold  1 1 .  Baler.  inwl"  al 
superintond(Mit  oi'  tho  Hausch  and  Loml)  Optical  ('ompnn v. 
Uoch ester,  N.Y.，  at  a  meeting  of  tho  Kflici<'iu  \  Society  oi 
Rochester.  Figures,  covering  1,300  accidents,  showed  that  Mon- 
days and  Saturdays  were  productive  of  a  much  liigliw  poiccntji^o 
of  accidents  than  other  days  of  the  week.  The  daily  numl，*'r  (>l 
accidents,  on  an  average,  were  found  to  be  as  follows :  Moiuiav. 
253;  Tuesday,  196;  Wednesday,  194;  Thurs<lay,  197;  Friday,  19">; 
Saturday,  265.  This  was  explained  thus:  On  Mondays  tlie  work- 
men are  not  properly  keyed  up  to  their  tasks  ；  there  may  liavo 
])een  dissipation  over  Sunday.  Tn  otlier  words,  tlioir  miiuts  aro 
not  alert.  On  Saturdays  the  same  conditions  exist,  oxc(*i>t  that 
the  men  are  rushing  their  work,  or  tluMr  in inrls  a io  on  plans  for 
the  rest-day. 

Proposed  British  University  for  China. ― An  apjieal  has  Ueen  mailc  in 
the  form  of  a  memorial  addressed  to  the  Chancellor  of  the 
ExchiMjner  and  to  the  Secretary  of  State  for  Foroi^n  A  Hairs, 
asking  that  out  of  the  annual  payiinMits  niado  l),v  China  on 
account  of  the  Boxer  indemnity  a  grant  of  not  less  tli;i  n  ' '  ' • 
shall  be  made  towards  the  establishment  of  a  British  I，iiiv,'i、itv  at 
Hankow,  or  such  other  influential  centre  in  China  as  may  1"、 
considered  most  suitable.  It  is  pointed  out  in  tho  appeal  that  th'、 
industrial  and  commercial  interests  of  this  country  with  Chi  tin 
far  exceeds  those  of  any  other  nation,  and  that  the  (lev(、lop'i"'nt 
of  China's  resources  depends  upon  the  lii^hor  education  of  lior 
students.  In  order  to  influence  the  characttM-  and  synipatliics  of 
Cliineso  students,  it  is  proposed  to  cstal'lisli  a  l'i"v<'rsitv  im(lt、r 
liiitisli  an sj) ices.  Tho  Association  of  Clianiltors  of  ('(mn"pr(v 
points  out  that  America  has  already  realised  the  necessity  of 
assisting  the  Chinese  tli  rough  education,  and  (I*Minaiiy  lias  also 
used  Government  funds  to  cstahlisli  col  leges  in  tho  north  of  CMiina. 


Annual  Conference  of  British  Foundrymcn's  Association. ― Tlie 
eleventh  annual  conference  of  the  British  Fouiulrvnioir< 
Association  was  held  last  week ,  in  the  Technical  School,  at 
Leicester,  Mr.  Sydney  A.  Ginison  presiding.  The  report  of 
the  council  for  the  year  1913  was  presented  and  si i owed  that 
the  inenibership  was  now  974  as  against  923  in  tlie  previous 
year.  The  accounts  show  that  the  total  revenue  for  the  \"ar 
was  £470,  and  the  expenses  £400,  leaving  a  balance  on  tlie 
year's  working  of  £70,  which,  added  to  the  surplus  from  the 
previous  year,  shows  a  total  credit  balance  of  £187.  A  number 
of  interesting  papers  were  read  and  dist-ussed  at  the  meeting, 
including  one  on  "  Annealed  Castings,"  by  Mr.  R.  Buchanan  ； 
a  second  on  "  Cores,"  by  Mr.  F.  C.  Pulsford  ；  a  third  on 
" Design  and  Working  of  the  Found rv  Cupola,"  by  Mr.  E.  T'. 
】{liea(l  ；  a  fourth  on  "  Foundry  Yields,"  by  Dr.  Percy  Long- 
muir  and  Mr.  W.  H.  Robinson  ；  and  a  fifth  on  "  The  Pr<v 
ductioii  of  Plaster  of  Paris  Patterns,'*  bv  Mr.  C.  Ileg^ie.  It 
is  our  intention  to  reproduce  several  of  these  papers  in  ea rl v 
issues. 
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Roc  key  &  Eldrid«j;o. 


NEW  PATENTS, 

Specifications  of  ihe  following  are  now  published,  and  we.  shall 
be  pleased  to  forward  copies  post  free  on  receipt  oj  Wd,  Adtln  ss 
" Mechanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1913. 

^laohines  for  maimfaeturing  metal  tubes.     Meakin  &  Meakin. 
2166. 

； Method  of  injecting  liquid  fuel  into  internal-combustion  en^inos. 

Evans.  7297. 
Process  for  refining  copper  or  other  metals. 

7409. 

Radial  cylinder  internal-combustion  engines.    Adams.  7453. 
Valves  and  valve  gear  for  internal-combustion  engines  Lilwall 

and  Searle.  9446. 
Water-tube  boilers.     Vulcan- Werke  Hamburg  und  Stettin  Akt.- 

Ges.  9670. 

Apparatus  for  the  catalytic  combustion  of  gaseous  or  vaporous 

combustibles.    Schmidt  &  Krieger.  9678. 
Appliances    for    spraying    or  atomising  liquids  by  air  or  gases. 

Samuelson  &  Backhouse.  9823. 
Automatic  disengaging  device  for  belt  pulleys.    Hansen.  9965. 
Carbonisation  of  coal.    Lewes.  9988. 

Exhaust  arrangements  of  steam  engines.    Eastwood,  Becker,  ami 

Newton,  Bean,  &  Mitchell.  10011. 
Carburetters  for  internal-combustion  engines.    Gits.  10059. 
Automatic    starting    devices    for    internal-combustion  eiifiinos. 

Robertson.  10070. 
Power  hammers.    Hamilton.  10145. 
Steam  separator.    Brown.  10386. 
Percussive  rock  drills.    Wakfer  &  Peek.  10-566. 
Starting  of  internal-combustion  engines.    Leitner.  1065G. 
Starting  gear  of  internal-combustion  engines.    Viokers,  Ltd.,  and 

Bourcier.  -  10677. 
Carburetters  for  internal-oomlnistion  engines.    Dew  is  S:  Zilhvood. 

10697. 

Pipe  tongs  or  wrenches.    Smither.  10899. 

Revolving-cylinder  engines.    Proux  &  Guinot.  10908. 

Regenerative  furnaces.    Walsh  &  Priestley.  109-50. 

Construction  of  ships.    Welch.  11404. 

Internal-combustion  engines.    Paterson.  124.V), 

Apparatus  used  in  the  manufacture  of  tin  plates.  Tliomns, 
Thomas,  &  Davies.  12601. 

Apparatus  for  riveting  stay  bolts.  Palleii. 

Firebars  for  boiler  furnaces.    Butter  worth. 

1  n te r n a  1-com b u st ion  engines.    Lea.  13966. 

Reversing  gear  for  fluid-pressure  engines, 
and  Grant,  Ltd.  14450. 

Process  for  manufacturing  steel  plates,  armou r  plates,  and  hollow 
bodies.    Braun.  15376. 

Manufacture  of  seamless  tubes.    Diescher.  16120. 

Rotary  distributing  valve  mechanism  for  multi-cylinder  internal- 
combustion  engines.    Schaar.  18495. 

Cranes  for  stripping  and  handling  ingots  and  moulds.  Crowe. 
18607. 

Pistons    of    internal-combustion    engines.      Vickei's,    Ltd.,  ； in(l 

Bourcier.  1918.3. 
Stop  valves.    Foster.  19368. 
Dressing  of  tin  ores.    Martin.  19514. 

Apparatus    for   automatically   re^ulatiup;   fepcl-watpr   supply  to 

boilers.    McCallum.  19725. 
Valves  for  internal-combustion  engines.    Ernst.    21 厂)' 
Spood  indicator.    Aleier- Maiidli.  21667. 
liegenerators  for  furnaces.    Niewerth.    21 739. 
TiOoomotive  cylinders.    Adanison.  2288.']. 

Valves  for  internal-combustion  olivines.  Wright  &  Whaley.  2-\^(\：]. 
Ball  bearings.    Soderhind.  25138. 

Means  for  controlling  cushioning  in  steam  engines.   Soheil.  25300. 

Spray  carburetters  for  internal- combustion  engines.  West.  2504 1 . 

Drop-hammers.    Brett  &  Brett.  25878. 

Flux  for  aluminium  and  its  alloys.    Gelly.  26026. 

Screws,  l>olts,  and  nuts.    Hem  pel.  26071. 

Process    of    inanufaoturin^;     arid  resist! up;    pipes    aiul  vessels. 

Strzoda.  26732. 
Valves  of  internal  comhustion  on<j;i»ios.    Burn.  268912. 
Ball  bearings.    Markische  Maschinenbauanstalt  "  Teutonia  11  Cios. 

27626. 

Boring  machines.    Dixon.    27G71 . 

Composition  for  application  to  iron  for  the  purpose  of  acting  as 
a  preservative.    Aglionby  &  Howkins.  27698. 

Variable  and  reversing  friction  driving  gear  for  motor-cars.  G. 
W.  K、，  Ltd.,  and  Wood.  27721. 
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Valve  apparatus  for  percussive  rock  drills.    Ravi""'.  017. 
AFcans  for  starting  internal-combustion  engines,    (iior^i.  1771. 
Bearings  for  ropo  pulleys.    Jiowncy.  2012. 
Hope  railu ays.    Thunliart.  218G. 

ELECTRICAL,  1912. 

h'xcilatiDn  of  dynamos.    Kolt'e.  24898. 


1913. 


Thomas, 


'I 


ProdiK-tioii  of  electric  contacts.  Scott  &  Deats. 
Selecting  devices  for  telephone  systems.  Katz. 
Charging  of  accumulators  from  a  variable-speed  dynanio 

and  Thomas  Transmission,  Ltd.  72-")-. 
Method  of  heating  substances  by  electricity.  Bro:i(ll"' 

Davies.    9105. - 
Resistance  for  regulating  the  current  in  an  electric  circuit 

sell.  9447. 

Variable  resistances  for  automatic  regulation  of  electric  (iirn'nts. 
Bloxam.  9959. 

Means  for  raising  and  supporting  arc  lamps.    Hughes.  10188. 

Electric  soldering  irons.    Railing  &  Krause.  10500. 

Device  for  the  automatic  maintenance  of  phase  equality  of  the 

currents  of  parallel-connected  alternating-current  niacliines. 

All^'intMiio  Elektricitats  Ges.  10609. 
C'ontrol    of    alternating-current    commutator    elect  r  if  motors. 

Siemens-Schuckertwerke  Ges.  11313. 
Electrical  relays.    Baker  &  jMcKechnU'.  11751. 
Apparatus  for  charging  electric  accumulators.    Leitner.  12639. 
Metal  vapour  arc  lamps.    Deutsche  Ges^uhlicht  Akt.-Gos.  ].">040. 
Method  of  and  means  for  determining  the  electrical  characteristics 

of  high-frequency  oscillation  circuits.    Garden.  1528^. 
Electric    switches    mechanicallv    controlled    from     a  distanco. 

Hodgson.  15642. 
Mounting  of  electromotors  on  tram  way  vehicles.    Delmez.    1 700-1. 
Distribution  systems  for  vapour  electric  devices.    British  Thomson- 
Houston  Company.  19("22. 
Magneto-electric  ignition  apparatus.    Hill.  21509. 
Replacement  fuses  applicable  also  for  use  as   electric  switches. 

Donovan.  23035. 
Electrical  resistance  thermometers.    Mellersh- Jackson .  237?0. 
Oil  transformers.    Weiss.  24162. 

Magnetic    separators.     Fried.    Krupp.    Akt.-Ges.  Grusonwork. 
24355. 

Connection  plugs  for  electric  circuits.     Chapman    &  Kenney. 
25675. 

Rectifier    for   alternating    polypliaso    currents.      Siemens  Bros. 
Dynamo  Works,  Ltd.  29763. 

1914 

Electric  incandescent  lamps.    Loewenstein.  2843. 
Telo^ra|)hy.     Judd,  Davies,  and   Eastern    TVltw:" 山 

rm?  and  5831. 
Tnterriiptors  foi-  olectric  r  iron  its.    Pollak.  o070. 


METAL  QUOTATIONS. 

TUESDAY.  MAY  10th. 

Afuniiniuni  ingot   80/-  per  cwt. 

"         wire,  according  to  sizes,  &,c  from  107/4  " 

sheets   ，  112/-      "  .jHl 

Antimony  £27/-/-  to  £28/10/—  per  ton. 

Brass,  rolled   7Jd.  per  \h. 

,, ttibes  (brazed)   ,   0|d.  ,， 

，，       ，，    (solid  drawn)   7Jd.  " 

"       " wire   7Jd.  " 

Copper,  Standard   £63/5/-  per  ton. 

Iron,  Cleveland   ，， 

，， Scotch   57/4|  ，， 

Lead,  English    £19/5/-  ，， 

，， Foreign  (soft)   £18/17/6  ，， 

Mir  a  (in  original  cases),  small    fid.  to     一  per  lb. 

》，  ，，  ，,       medium   3/6  to  6/-  " 

，，  ，，  ，，       large    7/6  to  11/— ，， 

Quicksilver    £7/— /-  per  bottle. 

Silver   26Jd.  per  oz. 

Spelter    £21/7/6  per  ton. 

Tin,  block   £151/-/-  per  ton. 

Tin  plates,  I.C   12/fi  per  box. 

Zinc  sheets  (Silesian)    £24/10/-  per  ton. 

，，         (Stettin  ；  Vieille  Montagne)   £24/12/6  ，, 
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UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,    Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  (2) 


ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD  OFFICE : 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112，  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
Works :   PONDERS   END,  MIDDLESEX. 

Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 


The  "  PERFECT"  VISE 


E-  Dept.       J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 


TURNER  BROS.  LTD..  ROCHDALE 

Obtainable  from  all  Merchants. 


Telegrams:  "Scientific,"  Manchester. 
Telephone  No.  6655  City. 

SUBSCRIPTION  RATES. 


United  Kingdom  ：  12/6  per  annum,  post  free. 
Canada:  14/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
*  ，   21/-*  ，，  ，，  Thick  " 

"Foreign  Remittances  by  International  Money  Order  only. 
Note.— Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the  Scientific 
Publishing  Company,  and  forwarded  to  our  Manchester  Office, 
53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Domestic  Smoke. 

We  are  glad  to  note  that  a  more  reasonable  sense  of  proportion 
appears  at  last  to  pervade  the  minds  of  the  smoke  prevention 
enthusiasts  when  discussing  the  problems  associated  with 
their  laudable  efforts  to  improve  the  atmosphere  of  manu- 
facturing towns.  A  cle^r  perception  of  the  extent  to  whirli 
the  domestic  chimney  contributes  to  the  nuisance  is  certainly 
an  important  step  towards  finding  a  remedy.  It  is  useless 
to  rail  against  manufacturers  alone  as  if  they  were  the  only 
sinners,  when  it  can  be  shown  that  householders,  in  t!ie 
aggregate,  are  responsible  in  large  towns  for  from  40  to  GO 
per  cent,  of  the  smoke  nuisance,  the  percentage,  of  course, 
varying  with  the  town  and  character  of  the  local  industries. 
Attention  has  for  a  long  time  been  concentrated  on  boiler 
furnaces  and  chimneys,  and  as  we  have  often  pointed  out, 
there  is  little  room  for  improvement  in  the  efficiency  of 
furnace  apparatus,  and  the  factory  owner  undoubted  I  v 
possesses  little  immunity  from  prosecution  for  any  lapse  in 
respect  to  their  working.  On  the  other  hand,  the  house- 
holder can  do  pretty  much  as  lie  likes.  It  is  well  to  recog- 
nise the  facts  in  considering  any  remedy.  At  the  second 
meeting  of  the  Committee  on  Smoke  Abatement,  Prof. 
Graham,  the  president  of  the  Smoke  Abatement  League,  said 
that  nearly  half  the  smoke  found  in  the  centre  of  a  city 
like  Manchester  was  domestic.  This,  it  was  admitted,  was  a 
fair  average,  as  also  that  the  total  consuni ption  of  coal  for 
domestic  purposes  was  only  about  one-fifth.  If  Manchester 
is  taken  as  a  basis,  it  will  be  obvious  that  if  one-fifth  of  tlie 
coal  produces  half  the  smoke  the  domestic  grate  is  by  far  the 
worst  offender.  In  Glasgow  is  has  been  estimated  that  as 
a  smoke  producer  one  factory  chimney  was  equal  to  39 
domestic  chimneys.  It  is  not  easy  to  make  correct  com- 
parisons, but  if  these  figures  (which  are  given  by  the  Smoke 
Abatement  League)  be  accepted  and  applied  to  London,  with 
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the  assumption  that  there  are  three  smoking  chimneys  to 
every  two  houses,  it  can  be  shown  that  more  than  one-half 
t  hr  smoke  pall  is  derived  i'roin  private  dwellings.  Differcui 
equivalents  for  purposes  of  comparison  would  give  greater 
or  lesser  results,  but  these  suffice  to  show  how  serious  is  the 
proportion  which  domestic  smoke  bears  to  the  wliole,  and 
the  problem  is  how  to  prevent  it.  So  far  as  we  know  tlu*i<' 
are  only  four  ways  of  dealing  with  the  problem ,  viz,，  central 
heating  by  a  public  service  of  steam  or  hot  water,  electrical 
heating,  the  use  of  smokeless  fuel  in  open  grates,  or  gas  fires. 
The  first  of  these  methods  is  somewhat  extensively  adopted 
in  America  for  private  dwellings,  and  in  this  country  is  a 
common  method  of  dealing  witli  the  heating  of  large  institu- 
tions, though  we  are  not  aware  that  it  lias  been  adopted  by 
any  local  authority  as  a  public  service,  like  the  distribution 
of  gas,  water,  or  electricity.  The  latter  is  now  used  on  a 
small  scale  for  heating  purposes  in  many  ways,  but  these  are 
mainly  for  special  manufacturing  processes,  and  though  elec- 
trical radiators  and  cooking  apparatus  of  a  variety  of  forms 
are  now  on  the  market,  the  cost  of  current  must  inevitably 
prohibit  its  general  use  for  the  heating  of  rooms.  A  more 
practical  method  of  doing  this  would  be  the  general  adoption 
of  a  comparatively  smokeless  fuel，  such  as  may  be  obtained 
by  the  partial  carbonisation  of  coal,  by  which  the  more 
volatile  smoke-forming  products  are  driven  off  and  yet 
sufficient  left  to  give  a  flaming,  smokeless  species  of  coal  ； 
but  this  is  only  feasible  on  a  large  scale,  and  though  some 
experiments  in  this  direction  have  been  made  tliey  have  not , 
so  far  as  we  are  aware,  beeu  a  commercial  success*  It  does 
not,  however,  follow  that  they  might  not  be,  by  better 
organisation  and  possibly  the  exercise  of  compulsory  powers 
as  to  its  use.  One  advantage  of  this  solution  is  that  it  would 
require  no  change  in  domestic  arrangements,  and  would  not 
interfere  with  the  general  predilection  for  the  bright,  open 
fire.  It  might  be  that  such  fuel  is  a  trifle  more  expensive, 
but  if  it  were  generally  adopted  there  ought  not  to  be  much 
room  for  complaint  on  this  score.  The  remaining  alternative 
is  the  gas  fire.  This  is  now  largely  adopted  for  cooking 
purposes,  and  to  a  lesser  extent  for  warming  rooms  ；  but  the 
cost  of  gas  in  nearly  all  large  towns  is  at  present  so  high 
as  to  make  it  prohibitive  of  general  application  in  this  direc- 
tion. There  is  no  doubt  that  the  cost  could  in  a  great  many 
cases  be  greatly  reduced  to  the  consumer  were  the  gas 
department  in  municipal  undertakings  not' so  often  regarded 
as  a  profit-making  business  for  reducing  rates.  But  apart  from 
the  question  of  expense,  there  is  a  good  deal  of  prejudice 
against  the  gas  fire,  and  it  cannot  all  be  dismissed  as  baseless. 
Under  some  conditions  they  work  efficiently,  but  under  others 
they  can  be，  and  often  are,  a  nuisance,  and  it  would  help 
to  dispel  prejudice  if  the  reasons  for  this  difference  of  be- 
haviour were  better  realised.  The  primary  advantage  claimed 
for  the  gas  stove  against  the  open  coal  fire  is  that  the  major 
portion  of  the  heat  in  the  former  is  utilised  for  warming  the 
room,  whereas  in  the  latter  it  goes  up  the  chimney.  This  is 
no  doubt  true,  and  it  is  equally  so  that  the  temperature  may 
be  better  regulated  ；  but  this  control  may  easily  cause  trouble. 
It  must  not  be  forgotten  that  the  products  of  combustion 
from  a  gas  fire,  though  not  so  visible,  are  quite  as  deleterious 
as  those  from  an  ordinary  coal  lire,  and  it  is  quite 
as  imperative  that  they  should  escape  from  the  chimney 
top  and  not  into  the  room.  With  a  coal  fire  there  is  seldom 
any  difficulty  about  this  except  with  badly-designed  chim- 
neys on  gusty  days,  owing  to  the  high  temperature  of  the 
gases  in  the  cliimney  and  the  strong  current  induced.  Tho 
price  paid  for  this  is  doubtless  in  most  cases  an  extravagant 
expenditure  of  heat,  but  it  has  the  virtue  of  efficiency.  In 


gas  stoves  wliich  possess  the  merits  of  efliciency  as  far  as 
heat  utilisation  is  concerned,  the  current  of  air  passing  into 
the  cliimney  is  small  in  quantity  ;i  1  n I  low  in  temperature. 
To  I) ['乂 in  wil  li,  Miis  means  t hat  the  ventilation  of 
the  room  is  less  effective,  and,  secondly,  that  flic 
temperature  in  the  cliimney  being  less  ])ronouiiced 
Hie  upward  current  is  feeble,  and  in  some  cases 
where  the  chimney  is  high  it  is  difHcult  to  create  sufficient 
draught,  or  if  this  exists  it  is  easy  for  a  down  draught  to  be 
set  up  in  the  room  containing  the  stove  by  weather  conditions 
or  in  other  rooms  by  the  influence  of  oilier  fires,  the  opening 
of  doors,  &c.  In  such  cases  it  is  easy  to  understand  the  gas 
stove  may  become  a  serious  nuisance.  The  danger  of 
this  is  increased  the  greater  tlie  efforts  made  to  secure  a  higli 
efficiency.  It  should  not  be  forgotten  that  whether  gaseous 
fuel  or  solid  fuel  be  burnt  in  dwellings,  the  efficiency  of  the 
cliimney  depends  entirely  on  the  temperature  maintained  in 
it.  This  is  the  price  that  must  in  any  case  be  paid  for  venti- 
lation unless  it  is  effected  by  mechanical  means，  such 
as  a  fan,  and  in  private  dwellings  this,  of  course, 
is  out  of  the  question.  When  comparisons  are  made  between 
gas  stoves  and  coal  fires,  the  question  of  chimney  efficiency  is 
often  ignored,  and,  though  it  may  be  possible  to  give  a  large 
proportion  of  the  heat  into  a  room  with  adequate  ventilation 
under  favourable  conditions,  the  gas  stove  in  practice  has  to 
meet  wide  variations  both  as  regards  the  weather  and  draught- 
disturbing  influejices  inside  the  building.  To  do  iliis  effec- 
tively a  Iiiglier  chimney  i-eniperature  is  necessary  than  gas 
advocates  usually  think,  aiul  of  course  this  】iieaus  a  corre- 
spondingly increased  consuniptiou  of  gas.  If  this  is  not  pro- 
vided, there  is  always  a  risk  of  trouble  and  of  the  gas  stove 
being  condemned  as  a  nuisance. 


Launch  of  H./H.S.  "Galatea." —Messrs.  William  Beardmore 
and  Co.，  Naval  Construction  Works,  Dalmuir,  launched  ou 
the  14th  inst.  the  light  armoured  cruiser  "  Galatea  ，，  of  the 
" Aurora  ，，  class.  The  vessel  is  one  of  eight  sister  ships  laid 
down  under  the  naval  programme  of  1912-13.  She  is  410ft. 
in  】eugth，  39ft.  in  breadth,  of  about  3,500  tons  displacement, 
and  is  expected  to  develop  a  speed  of  30  knots.  Her' 
propelling  machinery  will  develop  30,000  h.p.?  and  will  consist 
of  four  independent  turbines,  each  driving  its  owu 
propeller,  and  arranged  in  two  separate  watertight  com- 
partmentSj  so  that  each  pair  of  turbines  will  form  a  com- 
plete and  independent  propelling  installation.  There  will  be 
an  astern  turbine  incorporated  with  each  of  the  ahead  tur- 
bines in  the  same  casing,  so  that  all  four  propellers  will  be 
available  for  going  astern  一  a  very  important  feature  for 
manoeuvring  purposes.  Steam  will  be  supplied  by  eight 
water-tube  farrow  boilers,  arranged  in  two  watertight  com- 
partments, and  adapted  for  burning  oil  fuel  only. 

Manchester  Association  of  Engineers.  Uu  Thursdav,  the  1  itli 
iiist"  upwards  of  100  members  of  the  above  association  had 
the  privilege  of  viewing  the  extensive  jnotor-car  works  of 
Messrs.  Rolls-Royce,  Ltd.,  Derby.  The  j)art  v,  wliicli  included 
the  president,  Mr.  Edward  G.  Hiller，  the  chief  engineer  of 
the  National  Boiler  and  General  Insurance  Company,  Ltd . , 
were  received  at  the  works  by  Mr.  A.  Worniald,  the  works 
manager,  and  the  secretary,  Mr.  De  Looze,  who.  with  tlie 
assistance  of  other  members  of  the  staff,  cond ucted  the  visitors 
through  the  works.  The  party  were  greatly  impressed  with 
the  extent  of  the  works,  the  various  systems  of  working,  and 
especially  with  the  experimental  department,  and  the  unique 
methods  of  testing  every  detail  of  the  motor-car  before  its 
i 卜:、 lie  from  the  works.  ( )ii  the  tenniualioii  oi'  t \\e  inspection 
tlie  party  adjourned  to  1  lie  Midland  Hotel,  where,  after  tea, 
a  cordial  vote  of  thanks  was  passed  to  the  iirni  for  the  privi- 
lege afforded. 
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THE  NATURE  OF  FATIGUE  STRESSES. 

A  i'apkk  l>v  Air.  V.  Vj.  St  romeyer,  Ilic  Cliicf  Engineer  of  tlx? 
MaiH'hesier  Steam  Users'  Association  for  t  lu*  Prevent  ion  ol* 
Boiler  Explosions,  recently  read  before  the  Royal  Society, 
revives  a  subject  wliicli  was  ii rsl  mooted  in  I  S('»7  l>y  \\'i>lil('r， 
wlio  explained  t  lie  t'r(H[uent,  failures  of  railway  axles  and 
similar  objects  by  sliowing  experimentally  that  steel  and  irmi 
can  be  broken  at  comparatively  low  stresses  if  these  are 
repeated  a  sufficient  inutiber  of  times,  their  number  exceeding 
in  some  *  cases  40  millions.  No  general  law  seems  to  have 
been  drawn  from  these  tests  or  from  those  by  Sir  Benjamin 
Baker,  but  two  years  ago  Mr.  Stromeyer,  in  discussions  on 
papers  which  were  read  before  the  Institution  of  Civil 
Engiiu't'is,  and  before  the  Institution  of  Mechanical 
Engineers,  mentioned  experiments  of  his  own  which  revealed 
a  definite  fatigue  law  ami  whicli  i)oiu"i(l  to  t  he  i'ml)al)Uit  v 
of  the  existence  of  a  definite  fatigue  limit  for  every  material, 
i.e.,  a  limiting  stress  which  if  repeated  an  infinite  number 
of  limes  will  result  in  fracture.  A  knowledge  of  the  exact 
value  of  this  limit  will,  of  course,  be  of  great  advantage  to 
engineers,  for  it  should  enable  them,  as  was  recently  done 
by  Mr.  Stromeyer  at  a  meeting  of  the  Institute  of  Naval 
Architects,  to  utilise  the  ever-accumulating  experiences  of 
actual  failures  for  the  deternuiiation  of  certain  as  yf t 
unknown  stresses.  Thus  one  copper  steam  pipe  whicli  lm'1 
iai UmI  on  a  stoamer  after  being  vibrated  by  the  engines  for 
10  years,  or,  say,  150  million  times,  had,  according  to  liis 
formula,  been  subjected  during  that  period  to  alternating 
stresses  al)out  5'27  tons  per  square  inch.  Whereas  another 
mpper  pi ])(*  whicli  failed  after  only  4  hours  running  during 
a  heavy  gale  must,  according  to  his  formula,  have  been  sub- 
jected to  alternating  stresses  of  over  13  tons  per  square  incii. 
Wlien  information  about  the  fatigue-resisting  properties  of 
steel  are  available,  similar  estimates  can  be  made  for  tlie  as 
yvi  unknown  alternating  stresses  which  have  brought  about 
failures  of  railway  axles  due  to  the  long-continued  vibrations. 

Mr.  St i-oineyer's  paper  deals  exclusively  with  the  question 
of  endurance  or  fatigue  qualities  of  metals.  The  apparently 
incongruous  results  obtained  by  previous  experimenters, 
including  those  by  Wobler,  made  it  appear  probable  that 
samples  taken  from  different  parts  of  a  bar  or  plate  might 
differ  so  much  in  quality  that  the  law  of  fatigue  would  be 
masked  by  local  variation  of  quality.  The  test  pieces  of  the 
present  first  series  (bending)  were  therefore  shaped  in  such 
a  maniiei*  that  consecutive  pieces  were  separated  from  each 
other  in  the  original  plate  by  only  lin.  The  test  results  were 
found  to  be  very  consistent,  and  could  be  expressed  by  the 
formula — 

S"=F/  +  C(10';:N)i， 

where  Sn  is  the  nominal  alternating  stress  which  will  cause 
fracture  after  N  repetitions,  Fl  is  the  fatigue  limit  found 
by  extrapolation  from  a  series  of  tests  resulting  in  fracture, 
and  C  is  a  constant.  A  comparison  was  made  of  previous 
tests  with  the  help  of  this  formula,  and  it  was  found  to  agree 
well  with  those  of  Wohler,  Baker  and  Eden,  Rose  and 
Cunningham. 

The  torsion  fatigue  tests  were  made  with  the  same 
materials  as  used  in  the  above  tests,  and  the  results  also 
agreed  very  closely  with  the  above  formula,  except  that  new 
values  for  Fl  and  C  were  found.  A  comparison  was  made 
between  the  fatigue  limits  as  found  by  the  bending-fatigue 
tests  and  by  the  torsion-fatigue  tests,  the  ratio  between  tlie 
two  averaging  about  3  to  2.  The  comparison  between  X  We 
bending  and  shearing  stresses,  which  will  produce  fracture 
after  a  certain  number  of  revolutions,  has  also  been  made, 
but  is  of  relatively  less  value,  for  these  stresses  are  merely 
noininal  ones  and  the  form ul?e  whicli  would  reduce  tlieni  to 
actual  stresses  are  not  the  same  for  bending  as  for  torsion. 

The  enquiry  was  extended  to  the  measuring  of  the  heat 
generated  during  fatigue  tests.  It  was  found  that  with  1  av 
alternating  stresses  no  heat  was  produced,  or,  at  any  rate,  so 
little  that  it  could  not  be  measured,  but  when  certain  limit- 
ing stresses  were  exceeded  then  the  generation  of  heat  was 
quite  perceptible.  The  stresses,  at  which  there  was  a  first 
indication  of  heat  production,  were  assumed  to  be  the  fatigue 
limits  of  tlie  material,  for  t lu*  heat  pioductioii  suggests 
internal  friction  and  these  limits  agreed  reasonably  well  with 


the  fatigue  limits  ( Ff)  whicli  were  found  by  extrapolat  ion 
with  t  he       p  of  1  lu*  t、，rmiil;i  given. 

This  <,alorimetricallv-<l*»t tM'mined  fatigue  limit  was  pi;ir- 
tically  a  fixed  value  for  any  one  quality  of  material,  t  he  mo  t, 
interesting  rase  being  a  crank  shaft  from  wliirli  1 9  samples 
were  cut.  In  the  first  group  of  three  samples  rut  I'rom  1 1. (- 
end  of  the  shaft,  the  minirnuiu  and  maximum  values  of  tl"， 
fatigue  limit  were  1115  and  1 1*40  tons  per  square  inch.  I n 
the  second  group  of  eight  sam pies  cut  from  between  ihe 
crank  webs,  tlie  fatigue  limits  ranged  frorti  1  1  30  to  1 
tons  per  square  inch,  and  in  the  third  group  of  eight  sam |>I'^ 
they  ranged  from  12  05  to  12.15. 

These  results  agree  amongst  themselves  l;u  l>ctter  t  lian 
the  tensile  tests  of  the  same  material,  tests  wliich  at  present 
are  looked  upon  as  reliable  indicators  of  quality. 


MAGNIFYING  THERMOMETERS. 


In  electricity  works,  breweries, 
chemical  works,  heating  plants, 
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gasworks,  sugar  factories, 
baths,  &c.，  it  is  frequently 
the  case  that  thermometers 
are  fixed  in  inaccessible 
positions,  witli  tlie  result 
that  the  temperatures  are 
not  checked  as  regularly  as 
should  be  the  case,  clue  to 
the  inaccessibility  of  tlif* 
instruments.  To  meet  iliis 
difficulty  Messrs.  T.  Sullen, 
Ltd.,  of  180，  Fleet  Street, 
London,  E.C.,  are  supply- 
ing thermometers  whirl)  i'i 卜 
able  the  teniperatvires  t  o 
be  read  with  ease  from  ； i 
considerable  dist  a  nee,  d  ii'; 
to  the  scale  and  rnenury 
column  being  magnified. 
The  illustration  siiow^  a 
comparison  between  oue  of 
the  many  types  of  magnify- 
ing thermometers  supplied 
by  this  firm,  and  tlie 
ordinary  thermometer  fre- 
quently adopted.  Tlie 
placing  of  a  lamp  (eleciriral, 
gas,  or  any  other  illunri- 
nant)  belli  nd  the  scale 
facilitates  still  further  the 
reading,  but  the  daylight 
falling  upon  the  back  of  the 
scale  is  found,  as  a  rule, 
ample  to  make  the  reading 
easy.  In  addition  to  tlie 
advantage  of  magnification, 
it  may  be  added  that  the 
thermometers  are  of  accu- 
rate and  robust-  construc- 
tion. The  instruments  are 
supplied  in  a  variety  of 
types  to  suit  all  kinds  of 
positions,  and  with  ranges 
of  scales  up  to  1,000°  Fah. 


Service  Tests  of  Bronze  Railway  Journal  Bearings.  T*、t、  have 
recently  been  conducted  by  the  American  Metal  Company, 
Pittsburg,  with  solid  bronze  castings  made  without  babbitt 
surface  ；  the  material  being  composed  of  65  per  cent,  copper, 
30  per  cent,  lead,  and  5  per  cent.  tin.  A  221b.  bearing  、、a、 
placed  under  the  tender  of  Baltimore  and  Ohio  locomotiv*' 
No.  2,127  (Pacific  type).  It  was  examined  after  5 1 ,000  miles 
run  and  found  worn  down  ^Vin.  ；  the  other  tender  bearings 
were  each  rebabbitted  six  times.  Tins  bronze,  it  is  claimed, 
can  be  hardened  for  mill  brasses  ；  tests  of  such  bearings  were 
made  by  placing  two  751b.  brasses  under  the  rolling  table  of  an 
108in.  plate  mill  in  the  Soho  plant  of  Jones  &  Laiiglili",  Pitts- 
burg. They  gave  continuous  service  for  four  weeks  wliicli  is 
claimed  to  be  twice  as  long  as  phosphor  bronze  heariiius  used. 
These  parts  cannot  be  lubricated  ou  account  of  position. 
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INTERNAL  STRAINS  IN  COLD-WROUGHT  METALS,  AND  SOME 
TROUBLES  CAUStD  THEREBY, 

BY  PROF.  E.  HEYN.f 

In  the  first  place  I  desire  to  express  my  thanks  for  the 
privilege  your  Council  has  conferred  upon  me  by  inviting 
me  to  deliver  the  May  lecture  before  this  Institute.  I  avail 
myself  of  the  opportunity  to  direct  your  attention  to  some 
work  which  has  been  carried  out  in  recent  years  in  the 
Konigl.  Materialpriifungsamt,  Gr.  Lichterfelde,  by  my  friend 
Prof.  Bauer  and  myself,  with  a  view  to  clearing  up  some 
peculiar  effects  in  the  behaviour  of  cold-wrought  metals 
which  came  to  our  knowledge,  and  which  caused  n:uch  trouble 
to  the  practical  engineer. 

The  phenomena  with  which  I  am  about  to  deal  come 
under  the  heading  of  "  internal  strains."  If  portions  of  a 
solid,  or  of  a  number  of  solids  forming  together  one  rigid 
mass,  are  hindered  from  assuming  the  natural  length  which 
they  would  assume  in  the  absenpe  of  any  load  or  hindrance, 
this  solid  or  number  of  solids  is  said  to  be  under  strain.  The 
strained  condition  may  be  brought  about  (1)  by  forces  acting 
on  the  solid  from  outside  (external  forces)  ；  but  strains  may 
also  exist  in  the  solid  (2)  without  any  observable  action  from 
outside,  or  after  the  external  action  has  ceased.  These  latter 
strains  I  define  as  "internal  strains";  the  solid  is,  so  to 
say,  "  self-strained." 

For  instance,  all  structural  members  secured  together  by 
bolts  or  rivets  are  self-strained,  since  the  bolts,  nuts,  or  rivets, 


Fig. 


Fig.  2. 


Fig.  3. 


as  well  as  the  surfaces  on  which  they  press,  are  elastically 
deformed.  The  same  holds  true  for  structural  members 
which  have  been  coupled  together  by  the  process  of  shrinking 
on.  In  all  these  cases  internal  strains  have  been  inten- 
tionally produced  in  the  structural  members,  and  it  is  possible 
to  estimate  the  approximate  amount  of  these  strains  ；  besides, 
in  designing,  provision  may  be  made  for  partly  balancing  the 
internal  strains  by  the  external  ones  set  up  by  the  action  of 
external  loads  during  service,  thus  increasing  the  resisting 
power  of  the  member. 

On  the  other  hand,  if  self-straining  is  set  up  in  structural 
members  unintentionally  and  without  being  provided  for,  and 
if  it  so  happens  that  the  internal  strains  are  added  to  the 
strains  caused  by  the  external  load  which  the  member  is 
designed  to  bear  in  service,  failure  may  be  caused  suddenly 
or  after  repeated  loading  and  unloading.  It  may  even  hap- 
pen that  the  uncontrollable  internal  strains  in  the  structural 
member  come  so  close  to  the  tensile  limit  of  the  material, 
that  additional  strains  of  a  very  trifling  amount  may  suffice 
to  give  rise  to  fracture.  I  need  only  refer  to  the  explosion  of 
castings  affected  by  severe  self-straining  due  to  unequal  cool- 
ing, to  the  sudden  failure  of  boiler  ends  which  have  been 
dished  or  treated  in  an  unsuitable  manner,  and  so  on.  Seen 
from  this  point  of  view,  internal  strains  appear  as  a  source  of 
serious  danger,  or  at  least  of  serious  troubles. 

In  order  to  illustrate  more  clearly  the  nature  of  internal 
strains,  I  refer  to  Figs.  1  and  2.  The  first  of  these  shows 
three  unloaded  helical  springs,  I，  V,  and  II，  with  the  respec- 
tive lengths  Za  (for  springs  I  and  I')  and  l2  (spring  II).  On 
connecting  these  springs  by  two  crossheads,  Q,  as  shown  in 

*  May  leeture'delivered  before  the  Institute  of  Metals,  May  12th,  1914. 
t  Royal  Tecljnical  Institute,  Cbarlottenburg,  and  Director  of  the  Royal 
Prussian  Institute  for  Testing  Materials,  Berlin— Lichterfelde. 


Fig.  2}  they  are  forced  to  assume  the  common  length  1，  which 
exceeds  1  x  and  is  less  than  l2.  Hence  the  springs  I  and  V 
grow  in  length  elastically,  giving  rise  to  internal  strain  in 
tension,  whereas  spring  II  is  compressed  elastically,  and  is 
tluis  subjected  to  internal  compression  strain.  The  model 
illustrated  by  Fig.  2  is  typical  of  a  self-strained  system.  The 
two  springs  I  and  V  tend  to  bring  the  two  crossheads  QQ 
nearer  to  each  other  with  a  force  P1?  the  spring  II，  on  the 
other  hand,  tends  to  increase  the  distance  between  Q  and  Q 
with  a  force  P2.  In  order  that  equilibrium  may  be 
established,  we  must  have  Px  +  P]  ―  P0  ^=0. 

By  closely  considering  Fig.  2  a  method  can  be  found  for 
distinguishing  a  system  under  internal  strains  from  an 
unstrained  one. 

(a)  If  in  the  model  illustrated  in  Fig.  2  (model  of  a  self- 
strained  solid)  the  two  springs  I  and  I7  are  cut  through,  the 


Fig.  4. 


initial  distance  I  of  the  two  crossheads  Q  will  instantly 
iu crease  to  the  amount  I2^>  I. 

(b)  If  things  be  reversed  in  Fig.  2，  that  is  to  say,  if  the 
unloaded  springs  I  and  V  be  of  equal  length  1、,  which  is  in 
excess  of  the  length  12  of  the  unloaded  spring  II，  a  new  self- 
strained  system  will  exist  with  the  springs  I  and  V  under 
compression  and  spring  II  under  tension.  On  cutting  through 
the  springs  I  and  I7  the  distance  I  of  the  two  crossheads  Q 
will  decrease^  attaining  the  value  l2  less  than  1 . 

(c)  We  have  to  consider  a  third  case,  in  which  the  three 
unloaded  springs  I，  V  and  II  are  of  equal  length  I.  After 
combining  them  in  the  manner  shown  in  Fig.  2  by  two  cross- 
heads,  a  model  free  from  internal  strains  is  obtained.  On 
cutting  through  the  two  springs  I  and  If  no  change  of  the 
distance  I  of  the  crossheads  will  ensue. 

The  deductions  made  under  (a)  to  (c)  may  be  applied  to 
the  case  of  a  rod  of  circular  section,  as  illustrated  in  Fig.  3. 
If  the  rod  is  free  from  internal  strains  the  length  I  of  the 
portion  II  must  remain  unchanged  after  the  outer  layer  I  is 
turned  off  on  a  lathe.  This  would  correspond  to  the  case  (c). 
It  is  obvious  that  the  measuring  and  re-measuring  of  the 
length  before  and  after  turning  must  be  carried  out  at 
identical  temperatures.  Since  in  turning  heat  is  generated, 
sufficient  time  must  be  left  after  turning  for  the  piece  II  to 
assume  the  same  temperature  as  before. 

If，  however,  after  taking  away  the  layer  I  the  remaining 
portion  II  of  the  rod  increases  in  length,  the 
existence  of  case  (a)  is  established.  Then,  in 
the  original  bar,  the  portion  I  was  under 
tension,  the  portion  II  under  compression 
strains. 

If,  finally,  after  turning  off  the  layer  ■ 
the  portion  II  is  shortened,  this  corresponds 
to  case  (b)  ；  that  is  to  say,  in  the  original 
bar  the  layer  I  was  under  compression  and 
the  core  II  under  tension. 

These  considerations  give  the  key  to  a 
method,  which  has  been  devised  in  the 
Konigl.  Materialpriifungsamt,  for  ascer- 
taining whether  a  bar  or  some  other  structural  member  is  self- 
strained  or  not,  and  also  for  obtaining  an  idea  of  the  order  of 
magnitude  of  the  internal  strains.  The  method  is  illustrated 
in  Fig.  4  as  it  is  used  for  determining  the  internal  strains, 
which  may  be  present  in  a  round  bar  in  the  direction  of  its 
axis.  The  distances  a  b  and  a,hf  of  marks  made  on  two 
opposite  generating  lines  of  the  cylindrical  surface  of  the  bar 
are  measured  by  the  aid  of  a  comparator.  Over  a  definite 
length  I  between  the  marks  thin  layers  f\, 尸" f3  .  .  .  are 
turned  off  successively.  After  each  layer  is  removed,  the  dis- 
tances a  b  and  a!b，  are  remeasured.  If  these  remain 
unchanged,  the  bar  was    free    from   longitudinal  internal 
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st rains.  If,  however,  they  change,  tlie  bar  had  been  subjected 
to  internal  strains,  and  conclusions  may  be  drawn  as  lo  \  Ix-ir 
magnitude  in  tlie  following  way:  — 

Let  be  the  average  change  in  the  distances  a  /'  and  〃'/'' 
respectively  after  turning  off  the  first  layer  f\, 入 2  the  cli"  w 
of  these  distances  after  the  second  layer  /'.,  is  removed,  and  so 
on,  and  finally, 入,, the  corresponding  change  after  the  removal 
of  the  layer  /'n，  lei  E  be  the  modulus  of  elasticity  of  t  lie 
material  of  the  bar,  f'"  the  sectional  area  of  the  u、、'  layer 

taken  off  (/'n  =    -  (d\_x  ―  (Pn)  )，  /〃n  and  f'u ―、  the  sectional 

areas  of  the  remaining  portion  of  t  he  bar  after  turning  off 
the  //'"  and  the  (//  ―  l)th  layer  respectively. 


On  the  assumption  that  Hook's  law  holds  good,  the 
equation  is  obtained  : — 

E    fuK  一       i 入,, — l 


尸" 


where  <rn  is  the  internal  stress,  which  initially  prevailed  in  the 
"th  layer  of  the  bar,  before  turning  took  place.  A  positive 
value  of  <rn  refers  to  tension  stress,  a  negative  one  to  com- 
pression stress. 

Internal  strains  can  be  set  up  in  solids  by  various  causes. 

(a)  By  unequal  cooling  or  htat'naj.  a.  As  an  example, 
consider  the  exterior  layer  I  of  the  bar  in  Fig.  3  being  heated 
to  a  higher  temperature  than  the  central  core  II  ；  then  portion 

I  will  tend  to  expand  more  than  II.    The  two  portions  I  and 

II  being  rigidly  coupled  together  must  attain  one  common 
length  ；  this  can  only  be  attained  by  stretching  the  core  II 
and  by  compressing  the  outer  layer  I.  The  consequence  will 
be  internal  strains,  viz.,  compression  in  I  and  extension  in  II. 

/3.  If  the  bar,  initially  free  from  self-straining,  be  cooled 
from  some  definite  temperature  unequally,  so  that  at  a 
definite  time  the  layer  I  is  cooler  than  the  core  II，  internal 
strains  must  be  produced,  viz.,  tension  in  I  and  compression 
in  II. 

If  in  the  cases  a  and  /3  the  internal  strains  do  not  exceed 
at  any  time  the  elastic  range  of  the  material,  they  can  exist 
only  temporarily,  as  long  as  the  difference  in  temperature 
between  the  different  portions  of  the  bar  is  maintained,  and 
must  disappear  after  equalising  the  temperature.  If,  how- 
ever, the  strains  brought  about  in  the  cases  a  and  ^  exceed 
the  elastic  range,  internal  strains  remain  after  cooling  and 
equalising  to  atmospheric  temperature,  as，  for  instance,  in 
castings,  forgings,  and  so  on. 

(6)  By  Bwelling.  Let  us  suppose  the  bar  in  Fig.  3  to  be 
made  of  a  material  such  as  wood,  which  absorbs  moisture 
from  the  air,  giving  rise  to  a  change  of  volume  and  length. 
Self -straining  may  then  be  brought  about,  if  the  different 
layers  absorb  different  amounts  of  moisture. 

(c)  By  transformation.  If  the  bar  (Fig.  3)  is  supposed  to 
consist  of  a  material  which,  within  a  definite  range  of  tem- 
perature, undergoes  a  transformation  accompanied  by  a 
change  of  volume,  and  if  the  transformation  in  the  portions  I 
and  II  does  not  go  on  at  the  same  time,  self-straining  may  set 
in,  as,  for  instance,  in  the  case  of  swelling  or  disintegrating 
cement  clinker. 

Summarising,  we  may  say  that  self-straining  must  be  pro- 
duced in  all  cases  where  portions  of  a  solid  or  of  a  set  of 
rigidly  connected  solids  by  any  cause  whatever  are  given  a 
tendency  to  assume  different  lengths,  and  when  by  cohesive 
forces  they  are  hindered  from  following  this  tendency  and  are 
forced  to  adapt  themselves  to  ai  common  length  by  elastic 
deformation.  The  latter  is  an  essential  feature.  If  we  could 
imagine  a  perfectly  plastic  solid  incapable  of  undergoing 
elastic  deformation,  the  differences  in  length  induced  in 
various  portions  of  its  mass  by  any  cause  would  be  equalised 
by  plastic  yielding,  leaving  the  solid  free  from  internal 
strains.  If  the  plastic  yielding  reached  a  degree  exceeding 
the  cohesive  limit,  partial  or  total  fracture  would  be  brought 
about. 

Most  of  the  materials  used  by  the  engineer  are  far  froin 
fulfilling  the  condition  of  such  perfect  plasticity,  and  cannot 
undergo  deformation  without  concomitant  elastic  deforma- 


tion. Thus,  when  tliey  are  subjected  to  defon";"  i (川、 above 
their  elastic  range,  and  when  these  deformations  are  of  a 
different  degree  in  different  port  urns  of  their  mass  r (川 
together  by  cohesive  forces,  difTerences  in  length  must  ari、*' 
between  iiei^Iihouriug  portions,  wliich  can  only  partly  l>e 
eciualised  by  plastic  yielding,  leaving  a  remainder  to  1"， 
equalised  by  elastic  deformation,  so  tliat  internal  strains  imi-i 
be  the  unavoidable  consequence.  The  amount  of  self- 
straining  increases  with  the  amount  of  elastic  equalising.  \< 
a  rule  (not  quite  without  exception ),  t  lie  ratio  of  elastic  de- 
formation accompanying  a  definite  ainotuiV  of  plastirr  yielding 
decreases  witli  increase  of  the  temperature.  The  amount  of 
internal  strains  therefore  will,  other  conditions  being  the 
same,  generally  increase  with  decrease  of  temperature  at 
which  unequal  flow  is  brought  about,  and  will  be  more 
pronounced  in  cold-working  tlujii  in  hot-working.* 

It  is  the  question  of  internal  st rnins  r, 〃/.、"/  /,,, 
wliich  I  propose  to  discuss  somewhat  more  at  length,  giving 
only  some  occasional  references  to  phenomena  produced  by 
hot-working.  Let  the  springs  in  Fig.  1  be  replaced  by  three 
metallic  bars  of  equal  initial  length,  and  which  by  different 
degrees  of  cold-working  are  permanently  stretched  to  the 
lengths  lA  (bars  I  and  I')  and  l2  (bar  II),  l2  being  in  excess 
of  I r  Suppose  the  three  bars  coupled,  as  in  Fig.  2,  so  that 
they  are  forced  to  equalise  to  the  same  length  I .  A  system 
with  internal  strains  will  result. 

A  similar  effect  can  be  obtained  on  unequally  stretching 
out  in  the  cold  a  bar  such  as  in  Fig.  3，  so  that  the  core  IT, 

at 


Fig.  6.— Cold-drawn  Nickel  Steel  Bab. 
Portion  A. ― Distribution  of  internal  strains. 

under  the  influence  of  a  stronger  degree  of  cold-stretching, 
tends  to  assume  the  greater  length  l2y  whereas  the  outer  layer 
I，  subjected  to  a  less  degree  of  cold-stretching,  is  inclined  to 
take  the  length  /L  less  than  /2.  On  account  of  the  two  por- 
tions I  and  II  being  coupled  together  by  cohesive  forces,  they 
must  agree  upon  one  common  length  /，  thus  giving  rise  to 
internal  strains,  if,  as  generally  will  be  the  case,  the  plastic 
yielding  of  the  substance  of  the  bar  is  accompanied  by  a 
certain  degree  of  elastic  deformation.  In  the  case  under  con- 
sideration, the  outer  layer  I  is  under  tension,  the  core  I【 
under  compression  strains.  If,  on  the  contrary,  the  portion  I 
is  subjected  to  more  severe  cold-stretching  than  the  core  II, 
the  case  is  reversed  :  compression  strains  result  in  the  surface 
layer,  and  tension  strains  in  the  core. 

The  former  case  is,  as  far  as  can  be  deduced  from  the  ex- 
perimental work  at  hand,  realised  by  cold-drawing,  the  latter 
by  cold-rolling  and  cold-ham mering.  In  the  process  of  draw- 
ing the  superficial  layers  of  the  metal  are  kept  back  by 
friction  in  the  drawing-die,  whereas  the  core  is  stretched  in  a 
higher  degree.  In  cold-hammering,  however,  the  superficial 
parts  of  the  metal  are  subjected  to  the  immediate  effect  of  the 
blows,  the  core  of  the  substance  playing  to  a  certain  degree 
the  part  of  an  anvil.  Thus  the  flow  is  stronger  in  the  surface 
layers  than  in  the  core. 

•  An  exception  is.  for  instance,  to  be  noted  in  the  oase  of  steel,  for 
which  the  most  oritioal  range  for  producing  self-straining  due  to  iinftiual 
flow  is  at  the  so-called    hhu-  1  rat.   \  U.,  alwut  'JOO^  to  XAJt^  C. 
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J  t  is  by  no  nieaiis  a  hitherto  unknown  fact  that  cold- 
vvorking  may  induce  internal  strains  in  metallic  substances. 
Various  observations  made  in  practical  engineering  pointed 
to  this  direction  ；  for  instance,  the  warping  of  cold-drawn 
metal  bars  on  being  machined  in  a  certain  way.  But  I  ven- 
ture to  say  that  the  question  wants  much  more  elucidation 
than  has  been  brought  about  by  occasional  observations  and 
frequent  serious  troubles,  the  cause?  of  which  have  not  been 
examined  systematically  and  thoroughly,  and  have  even  been 
misunderstood,  as  far  as  can  be  concluded  from  publications. 
I  need  only  make  reference  to  the  various  theories  proposed 
with  regard  to  the  so-called  "  season-cracking  "  of  brass  and 
other  copper  alloys,  which  often  has  been  ascribed  to  mys- 
terious crystallisation  phenomena,  existing  only  in  the  fancy 
of  certain  persons.    I,  therefore,  a:n  inclined  to  think  that 
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Fig.  7.— Cold- mt awn  Nickkl  Steel.  Bail 
Portion  B.— Distribution  of  internal  strains  in  the  bar  after  annealita^  at  850°  C. 
<r  二  stresses  in  kji.  per  cm.  (1,000  kg.  per  cm.  二  U,'20t»lbs.  ]>er  sq.  ia.1. 

the  results  of  real  measurements  of  internal  strains  will  not 
be  without  interest  to  those  concerned  in  the  manufacture  of 
colcl-worked  metals. 

The  first  case,  which  gave  the  impetus  to  the  researches  in 
question,  was  the  cracking  of  steam-turbine  blades  made  of 
high  per  cent,  nickel  steel  (about  25  per  cent.).  The  blades 
were  shaped  as  shown  in  Fig.  5,  with  rather  fine  edges  on 
both  sides.  They  were  not  subjected  to  external  forces  which 
could  account  for  the  serious  cracking  on  the  side  A  of  the 
blades,  as  illustrated  in  Fig.  5，  nor  could  microstructure  and 
analysis  give  any  clue  as  to  the  cause  of  the  failure.  The 
blades  had  received  their  final  shape  by  the  process  of  colcl- 
cl rawing.  In  order  to  get  some  idea  of  the  magnitude  of 
internal  strains  in  cold-drawn  bars  of  high-nickel  steel,  a  rod 
of  this  alloy  was  procured  with  the  following  analysis  ： ― 

Per  cent. 

Nickel   25-1 

Carbon   0'3 

Silicon    0-26 

Manganese    0*73 

Phosphorus    0*012 

Sulphur   ：…  0-022 

Copper  .:  ；.  0*070 

The  hot  forged  cylindrical  bar  had  been  reduced  from  34  mm. 
diam.  to  31  mm.  by  cold-drawing  without  intervening  re- 
heating ； the  reduction  in  section  is  20  per  cent.  One  portion 
A  of  the  bar  was  subjected  to  the  measuring  method  described 
above,  the  results  being  plotted  in  the  diagram  Fig.  6.  In 
this  the  ordinates,  measured  on  both  sides  of  the  horizontal 
zero  line,  indicate  the  magnitude  of  the  longitudinal  internal 
stresses,  <ru  (in  kilogrammes  per  square  centimetre)  prevailing 
in  the  original  bar  in  a  cylindrical  layer  "  of  external 
diameter  and  internal  diameter  f/n  (as  shown  in  Fig.  4). 
It  would  seem  adequate,  to  take  the  radii  ^/n_,  /2  and  f/n/2  as 
abscissae,  defining  the  position  of  the  "th  layer  within  the  bar. 
In  the  diagram  Fig.  6，  however  the  abscissas  for  this  layer  are 

= 《― (Fn  and  ///)l_1/2  =  ^  <P 、、― u  that  is  half  the  sectional 
o  o 

area  of  the  respective  cores  left  after  the  layer  n  and  一  1 
have  been  turned  off.  Since  fn  the  section  of  tlie  nth  layer 
is  f\  =  f\x_x  — the  basis  <d  of  each  rectangle  aixy/  (Fig.  6) 
measures  half  the  section  f'、、  of  the  nih  layer,  and  the 
ordinate  ar  =  hd  represents  the  internal  stress  <r\x  which  pre- 
vailed in  this  layer.  This  manner  of  proceeding  affords  the 
advantage  that  the  shaded  areas  abcJ  and  a  h'v'd'  in  the 
diagram,  representing  together  the  product  of  the  stress  <rn  by 
the  area  /'„  of  the  nt\\  layer  in  which  this  stress  prevails, 
immediately  indicate  the  internal  forces  Pn  =  a-,,*/',,.  The 
shaded  areas  above  the  horizontal  zero-line  represent  tension 
forces,  those  beneath  that  line  compression  forces.    Since,  iu 


the  state  of  equilibrium,  the  tension  and  cornj>ressioii  forces 
must  balance  one  another,  the  shaded  area  above  the  zero-line 
must  be  equal  to  the  shaded  area  below  this  】iiie.  The  sum  of 
t  lie  shaded  areas  gives  some  idea  of  tlie  potential  energy  stored 
up  in  the  bar  in  consequence  of  its  internal  strains. 

As  will  he  seen  from  tlie  diagram  Fig.  6,  very  severe 
internal  strains  existed  in  the  cold-d rawn  bar  in  the  direction 
of  its  axis,  tension  strains  in  the  outer  layers,  compressive 
ones  in  the  central  portions.  The  maximum  tension  stress 
amounted  to  3,500  kgs.  j)er  square  centimetre  (about 
50,0001bs.  per  square  inch),  the  maximum  compressive  stress 
to  3,810  kgs.  per  square  centimetre  (about  54,00()]bs.  per 
square  inch). 

In  order  to  check  tlie  accuracy  of  the  measuring  】netl】u(l 
Ci»i])loyed,  another  portion  B  of  the  same  bar  was  heated  one 
hour  at  a  temperature  of  850°  C.，  and  left  to  cool  slowly. 
Internal  strains  must  be  removed  by  this  process.  Tlie  result 
of  subsequent  measurements  is  given  in  diagram  Fig.  7， 
which  shows  that  the  shaded  areas  corresponding  to  the  forces 
in  equilibrium  within  the  mass  of  the  bar  have  become  very 
small,  indicating  the  magnitude  of  errors  involved  the 
method  on  the  assumption  that  no  strains  whatever  have  been 
left  in  the  annealed  bar,  and  that  none  have  been  produced 
by  the  manner  of  cooling. 

It  is  obvious  that  in  addition  to  the  longitiuinia]  strains  in 
the  direction  of  the  axis  of  the  cold-drawn  bar,  there  must 
also  exist  transverse  internal  strains.  In  order  to  measure 
these,  it  would  be  necessary  to  bore  out  the  bar  from  within, 
taking  off  successive  layers  and  measuring  the  variation  of  the 
outer  diameter  after  removing  each  layer. 

In  the  above-mentioned  turbine  blades  of  25  j>er  cent, 
nickel  steel,  measurements  of  the  internal  longitudinal  strains 
were  made,  which  showed  that  the  maxim u m  of  internal  ten- 
sion stresses  prevailed  at  A  (Fig.  5),  the  maxi-iuim  of  com- 
]>ressive  stresses  in  the  neighbourhood  of  the  sharp  edges. 
The  internal  tension  stresses  were  of  an  amount  not  much 
inferior  to  the  ultimate  tensile  strength  of  the  steel.  It  is 
obvious  that  even  trifling  additional  stresses  due  to  external 
forces,  or  to  any  other  cause,  may  raise  these  stresses  to  the 
tensile  limit  and  so  give  rise  to  the  cracks  shown  in  Fig.  5. 

It  would  be  erroneous  to  draw  the  conclusiou  from  the 
above  that  high  per  cent,  nickel  steel  was  unsuited  for  turbine 
blading,  since  it  is  possible  to  manufacture  blades  of  tliis 
material  without  the  serious  strains  mentioned.  Later  on  the 
way  in  which  this  may  be  achieved  will  be  referred  to. 


Fig.  b. 

Some  additional  iiifonnation  may  be  given  as  to  the  mean- 
ing of  the  strain  diagrams,  such  as  Figs.  6  aud  7.  The  stress 
an  ―  ftr  ( Fig.  6)  need  not  be  constant  throughout  the  layer 
cd，  as  would  appear  from  the  staircase-like  shape  of  the  shaded 
areas.  o-n  indicates  only  the  average  value  of  all  the  stresses 
in  the  layer  cd.  For  instance,  the  curve  ABA'  in  Fig.  8  might 
be  assumed  to  represent  the  true  distribution  of  stresses 
within  the  bar  under  consideration.  This  true  curve  could 
only  be  found  experimentally  if  tlie  number  t'  of  the  succes- 
sive layers  removed  by  turning  were  infinite  and  the  thickness 
of  each  of  these  layers  infinitesimal,  a  requirement  wliicli 
cannot  be  practically  met.    If,  for  iustance,  the  sectional  area 
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of  ilie  outer  layer  I  be  /;p  as  shown  in  Fig.  8，  the  average 
value  of  .stress  <r,  would  be  found  equal  to  the  ordiiinte 
CG  — EH  of  the  rectangle  erected  on  the  base  CH  =  //1/2.  In 
fact,  the  distribution  of  stresses  within  the  sectional  area 
/' ,  / 2  is  rt^n-cscnlcd  I'v  iho  (un  ve  A  I)F.  Tims,  in  t  he  sm't';"'" 
film  tlie  liigh  stress  CA  may  exist,  wliicli  is  much  in  excess  of 
the  average  value  CG^a-r  Tlie  latter  results  from  the  con- 
dition that  the  area  AGU  must  be  ('qu;il  to  llu1  aiea  DEF. 

1 1  is  of  importance  that  tlie  tension  stress  in  tlie  exterior 
layer  may  be  mucli  higher  than  tlie  measured  average  stress 
(r,  -  There  exists,  therefore,  the  possibility  that  in  the  case  of 
Fig.  (>  the  maximum  tension  stress  in  the  surface  layer  of  the 
cold-drawn  bar  may  exceed  the  value  3,500  kgs.  per  square 
centimetre  by  a  certain  amount.  The  possibility  must  even 
be  reckoned  with  that  in  the  extreme  surface  layer  the  tension 
stress  may  ap])roacli  the  ultimate  tensile  strength  of  the 
material.  It  is  therefore  no  matter  for  surprise  that,  in  cer- 
tain ciises,  even  very  small  additional  si  rams  (due  to  une(|ual 
cooling  or  heating,  slight  injury  to  the  surface,  niechanical 
load,  and  so  on)  can  eventually  lead  to  surface  cracks  and 
fracture. 

(To  be  eontin  ited.) 


STANDARD  MACHINE-TOOL  MOTORS. 

BY  CHAKLES  FAIR. 

Duiung  past  years  much  progress  lias  been  made  in  the 
staiulardising  of  certain  niacliine  parts,  with  results  advan- 
tageous both  to  the  machine  manufacturer  and  user.  For  a 
long  time  it  has  been  recognised  as  desirable,  at  least  on  the 
part  of  a  number  of  the  machine-tool  builders,  that  something 
be  done  towards  standardising  certain  motor  dimensions, 
speeds,  &c.，  for  machine  tool  drive.  For  the  past  five  or  six 
years  attempts  have  been  made  to  standardise  certain  dimen- 
sions and  speeds  for  machine-tool  motors,  but  these  attempts 
have  failed  for  various  reasons.  It  would  be  of  little  use  to 
analyse  these  past  failures.  Unquestionably  there  should  be 
first  of  all  a  better  understanding  on  the  part  of  the  macliine 
manufacturer  and  the  motor  manufacturer  of  each  other's 
difficulties  ；  and  much  work  is  essential  before  material  pro- 
gress along  the  line  of  standardisation  can  be  accomplished. 
With  this  in  mind,  I  have  prepared  an  outline  which  I  think 
fairly  presents  the  situation  from  the  view  point  of  both  sides, 
and  which  must  be  considered  if  results  are  to  be  obtained. 
This  outline  is  published  herewith. 

Tt  could  not  be  expected  that  the  electrical  manufacturers 
would  change  existing  standards  of  motor  dimensions  or 
speeds,  nor  do  I  believe  it  would  be  desirable  ；  but  I  see  no 
reason  why,  if  the  machine  manufacturers  in  conjunction 
with  the  motor  manufacturers  will  give  the  subject  the  con- 
sideration it  warrants  and  do  their  part  towards  bringing 
about  a  better  understanding,  the  motor  manufacturers  in 
turn  cannot  incorporate,  at  least  in  part,  some  of  the  dimen- 
sions and  the  speeds  when  bringing  out  new  lines  of  motors. 
Obviously  it  would  be  just  as  impossible  for  the  various  motor 
manufacturers  to  design  their  motors  to  a  single  set  of  dimen- 
sions as  it  would  be  for  the  machine  manufacturers  to  design 
their  machines  to  a  single  set  of  dimensions.  Notwithstand- 
ing this,  however,  mucli  can  be  done  to  improve  the  situation. 
For  the  sake  of  convenience,  I  have  divided  the  outline  into 
five  parts,  namely,  speeds,  shai'ts,  frame,  liiethod  of  drive,  and 
general. 

Under  the  heading  of  speeds  you  will  note  that  there  is  ； i  n 
almost  endless  nutiiber  of  coinbinations  available,  but  frotn 
this  gt'eat  variety  certain  speeds  should  become  the  logical 
ones  for  the  majority  of  drives.  The  direct-current  coiKsfant- 
； "|k、(、（I  shunt-motor  speed,  for  instance,  might  be  that  of  the 
alternating-current  60-cycle  motor.  Alternating-cm  rent  and 
direct-current  motor  speeds  should  be  given  in  terms  of  full 
load  or  possibly  in  terms  of  both  no  load  and  full  load.  Tt  is, 
of  course,  understood  that  the  cycles  fix  the  alternating- 
current  motor  speeds,  except  as  modified  slip,  Adjust- 
able-speed motors  would  naturally  be  higher  in  speed  on  the 
highest  speed  than  a  constant-speed  motor,  on  the  theory  that 
Ili(、  adjustable-speed  motor  would  only  nui  ;i  ptMcontage  of 

*  l*apcr  vend  ！ il  flu-  April  nu'ctin^  ot  the  Nulitmal  Mathiiio  Tool  】iuiltk'i.s  + 
Assoriation.  at  \\ OrcrsU-r.  Mass.,  I'.S.A. 


the  time  on  hi^li  s|"''v|.  Adjust s|»<-<-(|  mot m  ^  are  itunv, 
generally  geared,  and  tlicir  spwJs  、lmi 山 1  he  governed  by  the 
proper  <^oa r  s]»ec(l. 

Tlie  re  should  he  little  difliciilt  y  in  arriving  at  a  proper 
sliaft  diaineter  and  key  for  a  given  horse- power  and 
motor.  The  length  of  shaft  '"iglit  offer  some  din'u-ulty.  A 
uniformity  of  i'raiiu?  diincnsioiis  is  obviously  inipossihle,  hut 
mucli  can  be  done  to  reduce  the  large  variety  of  (lii'i'  i 卜 miis 
to  perhaps  two  or  three  sizes  per  frame.  Tliere  is，  of  cou rse, 
no  reason  why  there  should  not  be  a  uniform  drilling  of  tin; 
feet  in  the  frame.  It  is  not  only  imoortant  l>ut  ahsoliil**! v 
necessary  to  consider  seriously  the  item  of  drive  in  order  to 
arrive  at  some  basis  upon  which  properly  to  detern  ine  the  best 


Speeds 


r  Full  load         f  Cycle*     I  Squirrel  c 

{  Ph.i*c     {  Slip  ring 
L  Synchronous  \  VoIukc  I  Internal  i 


: High  torqur 
, Normal  lorcjue 


load 


f  Voltage 
Shunt 


.lijuslablc 


[ Light  luad  |  Compoun 
ISeries 
r  [Shunl 
DC  i  Voltage  {  Comp 
I  Series 


f  Sbunt  charar.tcnstu s 


!»pccd 


i  Key way 
I.  Length 


Gear 


二  oupli 


Slip  ring  | 

[ Steel 
' I  nvolute  \ 

\  Rawhide 
Herringbone 

Bevel,  worm  1  thrust  ] 


Scries  characicn>ti 
Constant  horsepower 
Constant  torque 

Multi  speed 


"cncral 


Cottom  of  ftei  to  center  line  of  shaft 
Shoulder  on  shah  to  cenlcr  line  of  feet 

Overall  dimension  of  feet 

Drilling  of  fect ― dimensions  and  sizes  of  holes 

{{ Normal  for  constant 
\  Cost, 
Maximum  for  adjustable 
Minimum  number  of  teeth,  pirch,  face,  feofo 
Chain,  coupling,  belt  f  Dynamic 

Reversing,  non-reversing,  6low  down,  brake  j  Solenoid 

f  Cost  [  Mechanical 

Range  of  speed  required  ^ 

[ Size  of  motor 
All  geared  drive  for  constant  speed 
Balance  of  routing  parts 
Change  gears ― molor  speed  overlapping 

Uniformity  marking  motor  terminals 
Uniformity  control  diagram 

Protection  of  live  parts 
Covers  (or  end  shields,  etc. 


speeds,  shaft  dimensions,  &c.，  to  standardise.  Unitorniity  iu 
making  motor  termiuals,  wiring  diagrams,  protecting  live 
parts,  &c.，  are  of  advantage  to  all  concerned. 

The  machine  user  will  derive  considerable  advantage  froni 
the  standardisation  of  motor  parts  as  well  as  the  inachine 
manufacturer.  The  importance  of  the  motor-driven  machine 
tool  with  relation  to  production  has  become  such  that  the 
method  of  applying  the  motor  to  the  tool,  in  my  opinion, 
warrants  far  more  attention  than  has  been  given  to  it  iti  tlie 
past  by  some  of  the  tool  manufacturers  ;  and  1  t  \  that 
before  another  year  elapses  the  motor  mamit'a^turers  and 
the  machine  nianut'acttirers  will  each  have  a  better  under- 
standing  of  the  difficulties  of  the  other,  and  that  mucli  will 
have  been  accomplished  toward  establishing  suitable  staiulards. 


The  Junior  Institution  of  Engineers  ：  North-western  Section. —— A 

meeting  of  this  section  was  held  in  Manchester  on  the  21st 
inst.,  wlien  a  paper  on  pattern-making  was  read  by  Mr.  T.  K. 
Schofielcl.  The  question  was  dealt  with  from  the  practical 
point  of  the  man  who  makes  the  patterns,  having  clue  regard 
to  the  fact  that  patterns  are  the  tools  of  the  moulder,  and 
economy  in  tlie  pattern-shop  may  mean  extravagance  in  the 
foundry.  Sample  patterns  of  various  materials  were 
exhibited,  and  novel  operations  for  the  quick  and  ('heap 
production  of  patterns  were  described.  One  method  cf 
making  a  worm  liad  reduced  the  time  of  manufact ure  from 
two  days  to  30  minutes. 
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FAILURES  OF  HEAVY  BOILER  SHELL  PLATES.* 

BY  SIDNEY  A.  HOUGHTON,  A.M. INST. C.E.  (SHIP  AND  ENGINEER 
SURVEYOR,  MARINE  DEPARTMENT,  BOARD  OF  TRADE). 

{Concluded  from  page  490.) 
It  has  been  pointed  out  by  Mr.  David  Colville  and  others 
that  severe  internal  stresses  may  exist  in  heavy  plates,  as 
their  stiffness  prevents  them  from  buckling  in  the  manner 
that  thin  plates  do  when  the  rolls  are  not  true,  and  there  is 
little  doubt  that  this  cause  is  a  factor,  and  possibly  sometimes 
the  principal  one,  in  producing  failure.  Unfortunately  it 
seems  scarcely  possible  to  ascertain  the  amount  of  these 
stresses,  or  indeed  to  find  out  when  they  exist  in  a  plate  in 
most  instances,  but  it  has  been  supposed  by  some  investigators 
that  the  bubble-shaped  crack  which  so  frequently  occurs  in 
defective  plates  is  due  to  this  reason.  A  typical  example  of 
this  crack  is  shown  in  Fig.  9  ；  it  is  a  type  which  is  nearly 
always  at  right  angles  to  the  direction  of  rolling,  and  perpen- 
dicular to  the  surface  of  the  plate.  As  a  rule  the  surfaces  of 
these  cracks  are  oxidised  and  are  fairly  flat,  and  their  depth 
varies  from  one-half  to  three-quarters  of  the  thickness  of  the 
plate.  It  would  seem  that,  if  they  are  the  result  of  relieving 
internal  stresses,  the  latter  reach  a  maximum  at  some  point 
below  the  surface. 


Fig.  24. 

Section  through  Combustion  Chambers  of  Double-ended  Cylindrical 
multitubdlab  boiler,  showing  distortion  produced  by  pressure. 

In  addition  to  the  rolls  being  actually  untrue  or  having 
become  so  when  hot,  there  is  also  the  risk  of  internal  stresses 
being  set  up  by  the  plate  being  subjected  to  rain  through 
a  leaky  roof  or  from  having  other  plates  piled  on  it  when  hot. 
The  latter  must  be  considered  a  bad  practice  in  every  way,  as 
very  serious  stresses  may  be  caused  through  the  plates  only 
partially  covering  each  other,  so  that  one  part  of  the  plate  is 
almost  cold  whilst  the  other  is  still  at  a  red  heat?  and  it  is 
quite  conceivable  that  this  cause  alone  might  be  sufficient  to 
produce  failure.  Even  if  the  plate  is  wholly  covered  by 
another  it  is  possible  that  it  may  be  maintained  at  the  danger- 
ous temperature  of  700°  C.  for  some  time,  thereby  producing 
brittleness  by  partially  turning  the  pearlite  into  cementite. 
Owing  to  the  circumscribed  space  in  some  works  it  is  difficult 
to  avoid  piling  altogether,  but  it  would  be  well  that,  if  it  is 
done,  it  should  be  confined  to  plates  which  will  be  afterwards 
heated  in  the  course  of  manufacture.  In  any  case,  the  author 
is  of  tlie  opinion  that  the  only  satisfactory  way  to  ensure  that 
heavy  plates  are  as  free  as  possible  from  internal  stresses  is 
to  anneal  them.  This  will  remove  the  effect  of  finishing  at 
too  high  a  temperature  (see  Fig.  10)，  or  too  low  (Fig.  4)， 
and  also  the  results  of  slow  cooling  at  an  improper  tempera- 
ture (Fig.  16)，  and  as  these  evils  are  not  revealed  by  the  usual 
tests  it  is  the  more  important  to  ensure  tliat  they  do  not  exist. 
Although  it  might  seem  a  simple  matter  to  anneal  a  mild  steel 

*  Paper  read  before  the  Iron  and  Steel  Institute,  May,  1914. 


plate,  yet  experience  has  shown  that  there  are  several  pitfalls 
to  be  avoided.  In  the  first  place,  the  most  suitable  tempera- 
ture has  not  been  definitely  settled  ；  it  is  true  that  there  have 
been  many  laboratory  demonstrations,  and  that  one  or  two 
practical  papers,  such  as  that  by  Mr.  Campion,  have  been 
read,  but  it  does  not  appear  that  the  subject  of  heavy  mild 
steel  plates  has  been  dealt  with,  or  if  so,  that  it  has  come  to 
the  knowledge  of  at  least  some  works.  The  author  has  seen 
the  results  of  a  series  of  experiments  in  this  connection  which 
have  recently  been  made  at  a  very  progressive  steel  works,  but 
these,  being  confidential,  cannot,  of  course,  be  given  in  this 
paper  ；  but  it  is  to  be  hoped  that  perhaps  one  of  the  Carnegie 
scholars  may  find  time  to  deal  with  this  practical  but  com- 
paratively simple  subject.  One  point  of  importance  may  be 
mentioned,  which  is  that  mild  steels  containing  a  fairly  high 
percentage  of  phosphorus  require  very  much  more  drastic 
annealing  than  those  with  a  small  percentage  ；  it  is  indeed 
remarkable  how  very  persistent  is  the  structure  of  a 
moderately  high  phosphorus  steel.  In  the  case  of  plate  B4,  in 
which  the  pearlite  was  partly  in  the  form  of  cementite,  even 
after  annealing  a  small  piece  for  half  an  hour  at  850°  C.  com- 
paratively little  difference  was  made  in  the  structure. 

It  is  also  of  great  importance  that  the  whole  plate  should 
be  raised  to  the  same  temperature  when  being  annealed,  and 
although  this  should  be  the  first  axiom  in  annealing  it  is  not 
altogether  an  easy  matter  to  effect  with  large  plates,  and  some 
of  the  older  annealing  furnaces  are  not  free  from  suspicion  in 
this  respect.  Plates  B2  and  B4  are  prominent  examples  of  the 
harm  which  can  be  done  in  this  way,  and  the  author  has 
frequently  seen  others  withdrawn  from  the  furnace  in  which 
the  colour  varied  very  considerably.  Annealing  may  also  be 
easily  abused  by  soaking  a  plate  to  bring  its  tonnage  down, 
and  there  are  some  people  who  apparently  see  no  evil  in  this 
if  the  elongation  is  satisfactory,  as  it  generally  is,  forgetting 
that  certain  forms  of  brittle  material  are  quite  satisfactory 
judged  by  the  elongation.  Owing  to  the  readiness  with  which 
this  measure  of  ductility  can  be  applied  it  is  in  almost 
universal  use,  but  the  fact  alone  that  bend  tests  are  also 
required  with  steel  plates  should  be  an  indication  that  it  is 
not  an  absolute  determination  of  the  suitability  of  the  steel. 
Unquestionably  the  use  of  the  pyrometer  might  be  extended 
in  dealing  with  the  annealing  of  such  important  material,  and 
it  is  difficult  to  believe  that  the  trifling  extra  expense  would 
not  be  soon  repaid  by  the  avoidance  of  expensive  rejections. 

In  most  of  these  plates  the  chemical  composition  is  not 
abnormal,  and  would  not  be  objected  to  for  most  purposes, 
that  is,  the  sulphur  and  phosphorus  do  not  exceed  0*06  per 
cent.,  or  if  they  do,  it  is  only  by  a  small  amount.  In  large 
plates,  however,  where  the  work  done  on  them  is  compara- 
tively small,  it  is  necessary  for  the  metal  to  be  exceptionally 
pure,  and  it  must  be  remembered  that  both  the  major  and 
minor  segregations  increase  with  large  masses  of  steel.  Phos- 
phorus and  sulphur  unfortunately  segregate  so  much  that, 
although  a  certain  percentage  would  be  harmless  enough  if 
distributed  evenly,  it  may  produce  failure  owing  to  these 
segregations.  For  these  reasons  it  is  suggested  .that  0*05  per 
cent,  should  be  the  limit  for  phosphorus,  especially  if  there  is 
an  appreciable  quantity  of  arsenic  present  ；  the  latter  element 
is  one  whose  bad  qualities  are  not  always  fully  realised,  and 
it  is  a  good  plan,  as  adopted  at  at  least  one  works,  to  add  the 
quantity  of  it  and  phosphorus  together  in  estimating  the 
suitability  of  the  steel,  in  which  case  the  total  should  not 
exceed,  say,  0'06  per  cent.  It  also  appears  that  phosphorus 
has  a  strong  tendency  towards  turning  the  pearlite  into 
cementite,  which  occurs  also  if  the  plate  is  heated  for  some 
time  at  a  temperature  below  700°  C. 

It  is  sometimes  urged  that,  owing  to  the  progress  of  know- 
ledge and  increased  skill  in  manufacture,  the  nominal  factor 
of  safety  of  marine  boiler  shells  might  be  reduced.  It  is  also 
argued  that  the  joints  themselves  do  not  fail,  and  that  the 
shell  plate  itself  has  a  fairly  large  factor,  e.g*  with  a  nominal 
factor  of  4*5  for  the  joints  and  a  percentage  strength  of  85 
the  theoretical  factor  of  safety  of  the  shell  plates  would  be 
nearly  5'3.  So  far  as  the  steel  itself  is  concerned,  the  facts 
given  in  this  paper  should  be  a  sufficient  answer,  but  it  is 
well  also  to  remember  that  the  calculation  of  the  mechanical 
stresses  in  boilers  is  not  so  simple  as  is  often  supposed .  The 
boiler  shells  themselves,  though  circular,  and  even  when  fitted 
with  double  butt  straps,  are,  as  a  rule,  subjected  to  additional 
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stresses  tlian  pure  tensile  ones.  For  inst  ance,  in  t  he  (  as"  ot 
many  double-ended  boilers  the  shell  plates  ； in'  t itnl  liorizon 
tally  only  by  the  combustion  ('haml)er  stays,  with  the  result 
that  when  subjected  to  pressure  t  hey  tend  to  become  oval,  or, 
more  strictly  speaking,  of  the  form  shown  in  Fig.  24.  This 
movement  is  quite  perceptible,  especially  when  ('(>mi>ar;itively 
thin  high  tensile  plates  are  used,  and  lias  caused  distort  ion  in 
the  combustion  chambers.  It  is  evident,  therefore,  that  1  In' 
shell  plates  themselves  must  be  subjected  to  somewhat  com- 
plicated stresses  at  the  points  a  and  A.  There  is  also  a  con- 
siderable barrelling  action,  due  to  the  ends  of  the  shell 
immovably  fixed  to  the  end  plates,  this  being  most  severe  in 
boilers  in  which  only  one  strake  of  shell  plating  is  fitted. 

With  regard  to  manholes,  the  conditions  are  mucli  m"n' 
severe  in  practice.  The  usual  plan  is  to  fit  a  doubling  plate, 
the  net  section  of  which  is  equal  to  that  of  the  plate  cut  out, 
but  this  is  only  a  rough  approximation,  and  there  is  little 
doubt  that  the  factor  of  safety  of  the  solid  plate  is  reduced  at 
these  parts.  It  has  been  shown  by  Mr.  John  Smith,  R.C.N.C., 
in  his  paper  on  "  Stresses  in  Ships/'  read  before  the  British 
Association  in  1906，  that  the  stresses  round  openings  in 
plates  approximate  to  those  of  the  lines  of  flow  of  a  stream  of 
liquid  flowing  round  a  similarly  shaped  obstacle.  In  the 
case  of  manholes  these  increase  greatly  at  the  edge  of  the 
opening,  and  in  manholes  of  the  usual  shape  (Fig.  25)  they  are 
not  necessarily  at  a  maximum  at  the  minor  axis.  Another 
and  even  greater  reduction  of  strength  at  the  manholes  may 
be  caused  by  the  method  of  riveting  the  compensating  ring. 
When  these  are  of  considerable  thickness,  such  as  are  neces- 
sary with  heavy  shells,  and  especially  when  flanged  rings  are 
used,  it  is  extremely  difficult  to  make  them  accurately  fit  the 
curve  of  the  shell  plates.  Consequently,  when  being  riveted 
by  the  modern  powerful  hydraulic  machine  considerable 
creeping  takes  place,  and  it  depends  largely  on  the  order  in 
which  the  rivets  are  put  in  whether  tensile  stresses  are  or  are 
not  produced  in  the  shell  plates.  Suppose,  for  instance,  that 
riveting  is  begun  at  the  ends  of  the  major  axis,  rivets  being 
alternately  placed  at  each  end,  then  as  the  riveting  approaches 
the  minor  axis  the  compensating  ring  will  tend  to  spring  off 
and  an  enormous  tensile  stress  will  be  produced  in  the  shell 
plate,  which  stress,  it  must  be  remembered,  will  be  in  addition 
to  that  produced  by  the  pressure  of  steam.  This  is  about  the 
worst  result  possible,  but,  if  not  carefully  done,  effects  of  the 
same  nature  can  be  readily  produced  by  other  methods  of 
riveting.  The  proper  manner  to  rivet  is  evidently  to  begin  at 
the  minor  axis,  and  rimer  the  rivet  holes  when  creeping  occurs. 
It  may  be  observed  that  in  plates  CI,  C2,  and  C3，  where 
fracture  occurred  at  tl^e  manhole,  the  edges  of  the  plate 
remained  open,  and  although  it  is  impossible  to  prove  how 
much  of  this  movement  was  due  to  internal  stresses  and  how 
much  to  the  effect  of  improper  riveting,  yet  it  is  probable,  in 
the  author's"  opinion,  that  the  latter  had  in  these  instances  at 
least  as  much  influence  as  the  former. 

In  connection  with  boiler-shop  work,  it  may  be  observed 
that  the  modern  method  of  bending  plates  in  a  vertical 
roller-press  seems  to  be  undoubtedly  more  severe  on  the  plates 
than  the  old  method  of  bending  in  the  rolls.  With  the 
former  method  plates  are  sometimes  bent  in  three  passes,  or 
even  less,  which  would  be  impossible  with  the  older  apparatus. 

The  effect  of  shearing  on  the  edge  of  the  plate  is  another 
element  which  has  to  be  taken  into  account  in  considering 
failures,  and  indeed  in  some  cases  the  fracture  has  been  attri- 
buted entirely  to  this  cause.  Though  tlie  author  is  of  the 
opinion  that  this  cannot  be  said  of  the  instances  quoted  in 
this  paper,  yet  it  is  undoubtedly  true  that  the  distance  to 
which  the  deformation  produced  by  shearing  penetrates  is 
not  fully  recognised  by  many  boiler  makers.  The  amount 
which  should  be  removed  will  vary  according  to  the  state  of 
the  shears,  but  by  testing  some  sections  with  Shore's  Sclero- 
meter,  Mr.  A.  McCance,  of  Messrs.  William  Beardmore  and 
Co.,  Parkhead,  has  ascertained  that  the  hardness  produced 
by  shearing  extends  to  a  distance  of  about  half  the  thickness 
of  the  plate  with  the  shears  in  average  condition.  This  is 
considerably  more  than  is  usually  assumed,  an  addition  of  only 
a  quarter  of  an  inch  for  shearing  being  a  common  allowancf  : 
it  would  therefore  seem  that  this  should  be  considerably  in- 
creased. It  has  been  suggested  that  the  best  remedy  for  this 
danger  would  be  for  the  plates  to  be  ripped  to  size  once  for  all 


at  the  steelworks,  and  undoubtedly  this  will  altogether  '厂' ■ 
trouble  from  sliearing  effects,  and  would  save  expense,  whilst 
at  the  same  time  the  test-pieces  could  be  relied  upun  to  be  free 
from  defects,  it  being  well  known  that  with  tlii'  k  plates  these 
have  to  be  made  very  wide  or  else  cut  out  by  the  inacliinc  to 
avoid  the  prepared  part  being  affected  by  the  shearing.  The 
chief  disadvantage  of  the  proposed  procedure  would  he  t  lie 
difficulty  of  ascertaining  if  segregation  existed  in  the  plate,  this 
being  generally  easily  detected,  on  the  sheared  edges,  but  it  is 
difficult  to  see  if  the  plate  is  machined.  In  practice  this  is  of 
importance,  especially  as  segregation  occurs,  as  a  rule,  away 
from  the  parts  where  the  usual  tests  are  taken,  but  this  de- 
ficiency might  be  overcome  by  taking  additional  tests,  and  the 
balance  of  advantage  would  be  in  ripping  the  plates.  It  m\\:\\\ 
be  mentioned  that  this  is  occasionally  done  with  very  thick 
plates  in  some  works,  especially  when  the  margin  for  test-pieces 
is  small,  so  as  to  avoid  injury  to  the  latter,  but  even  then  an 
allowance  has  generally  to  be  left  so  that  the  boiler  makers 
may  take  the  responsibility  of  reducing  the  plate  to  its  final 
dimensions. 

As  stated  above,  the  usual  test-pieces  are  taken  from 
parts  where  segregation  is  likely  to  be  absent  ；  they  are  also 
the  parts  which  are  never  finished  at  an  excessive  heat,  so  that 
they  will  generally  give  better,  or  at  least  as  good,  result  - ； ' 
any  other  part  of  the  plate.  It  may  be  here  mentioned  that 
tests  taken  close  to  the  edge  can  give  a  ton  or  more  tensile 
strength  than  the  body  of  the  plate,  a  fact  which  is  shown  by 
many  of  the  examples  given  in  this  paper.  The  position  of 
the  test-pieces  follows  those  made  from  iron  plates,  and  in  the 
early  days  of  the  use  of  steel,  segregation  was  little  heard  of— 
at  any  rate,  by  those  out- 
side the  steelworks  ；  more- 
over, the  plates  were  small 
and  thin,  and  trouble  from 
this  defect  did  not  often 
arise.  Certain  inspecting 
societies  have  required  cross 
tests  as  well  as  longitudinal 
ones,  and  although  these, 
as  a  rule,  are  also  taken  at 
the  corners,  they  do  show  to 
some  extent  whether  the 
steel  has  had  insufficient  work 
ou  it,  and  whether  it  is  fairly 
free  from  sulphur  and  blow- 
hole flaws  which  defects 
produce  little  or  no  effect  on  the  Jongitudinal  tensile  tests. 
The  Board  of  Trade  have,  however,  for  some  time  instructed 
their  officers,  when  the  proportion  of  the  ingot  used  is  large, 
to  take  cross  tests  from  the  centre  of  the  ends  of  plates,  with  a 
view  of  detecting  segregation,  and  experience  has  shown  that 
this  test  is  a  very  effective  one.  If  the  plates  are  cross-rolled, 
so  that  the  longitudinal  axis  of  the  ingot  corresponds  with  the 
transverse  one  of  the  plate,  these  tests  must  obviously  be  taken 
from  the  centre  of  the  sides.  A  fair  proportion  of  heavy  plates 
have  failed  under  this  test,  and  this  is  undoubtedly  due  to  the 
fact  that  the  size  of  the  ingots  has  not  increased  in  proportion 
to  that  of  the  plates  ；  indeed,  in  some  works  it  is  impossible  lo 
increase  further,  owing  to  the  restrictions  imposed  bv  the 
cogging  and  rolling  mills.  Even  if  the  mills  are  large  enough, 
their  strength  may  be  inadequate,  with  the  cousequence  that  it 
is  necessary  to  roll  down  the  slabs  at  an  excessive  temperature, 
under  which  circumstances  the  segregate  may  be  so  fluid  as 
to  be  squeezed  out  of  the  end  of  the  slab. 

It  is  sometimes  suggested  that  segregation  cannot  be  very 
harmful,  as  the  inferior  metal  is  situated  at  the  neutral  axis 
of  the  plate,  but  this  argument  does  not  take  into  account  the 
stresses  induced  when  removing  any  want  of  flatness  in  tlie 
plate.  Moreover,  if  we  consider  the  effect  of  segregation  in 
the  plate  when  being  rolled,  it  will  be  seen  that  it  may  be  of 
serious  importance.  Even  if  the  segregate  is  not  actually 
fluid  it  will  be  in  a  more  pasty  condition  than  the  remaining 
metal,  so  that  that  part  of  the  slab  which  contains  it  is  some- 
what in  the  condition  of  a  box  containing  a  more  or  less 
fluid  interior.  It  will  be  seen  that  under  these  conditions  the 
flow  of  metal  becomes  complex,  and  abnormal  stresses  may  be 
set  up  by  the  rolling  mill.  Apart  from  this,  the  segregate 
is  inferior  and  brittle  metal,  which  should  at  all  costs  be 
kept  out  of  such  important  articles  as  shell  plates,  and  that  ;t 
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is  harmful  is  shown  sufficiently  by  the  failures  of  plates  CI, 
C2，  and  C3，  through  the  manhole,  so  that  it  is  not  necessary 
to  elaborate  this  point  any  further. 

Although  not  mentioned  in  the  heading  u  Probable  Causes 
of  Failure/'  there  is  one  which  is,  as  it  were,  a  master  cause, 
and  that  is  insufficient  work  on  the  steel  due  to  the  plates 
being  made  from  too  small  an  ingot.  The  exact  proportions 
are  not  available  in  all  the  cases,  but  apart  from  the  instances 
given  in  this  paper  the  author  has  ample  experience  as  to  the 
evil  effect  of  using  too  small  ingots.  In  the  first  place,  there 
is  the  risk  of  including  part  of  the  major  segregate,  the 
position  of  which  varies,  as  is  well  known,  but  from  experience 
it  is  found  that  if  the  weight  of  the  plate  as  cut  much  exceeds 
45  per  cent,  of  the  ingot,  there  is  an  increasing  probability  of 
including  part  of  it,  and  with  60  per  cent,  the  probability 
almost  becomes  a  certainty.  It  must  be  understood  that 
ingots  of  the  usual  proportions  are  considered,  and  that  about 
5  per  cent,  is  cut  off  the  bottom  ends.  If  a  larger  proportion  is 
cut  off  there  will  naturally  be  more  danger  of  approaching  the 
major  segregate  with  the  plate  slab,  and  for  this  reason  it  is 
desirable  to  allow  a  fair  margin  with  the  percentage.  With 
special  methods  of  casting  a  higher  proportion  could  doubtless 
be  used,  but  this  is  a  matter  which  rests  with  the  steel  maker. 
Even  if  this  is  done  the  objection  still  remains  that  insufficient 
work  is  put  upon  the  material,  and  this  is  a  point  of  the 
greatest  importance.  In  the  first  place  work  removes  to  a 
large  extent  the  deleterious  effects  of  the  minor  segregations 
of  phosphorus,  and,  secondly,  it  makes  the  material  more 
reliable  and  ductile.  This  latter  quality  is  unfortunately  only 
partially  measured  by  the  elongation  of  the  tensile  test-piece, 
for,  as  is  well  known,  it  is  possible  to  get  steel  castings  giving 
as  good  results  so  far  as  strength  and  elongation  are  concerned 
as  rolled  steel,  yet  no  one  would  care  to  stand  in  front  of  a 
boiler  under  steam  if  the  shell  plates  were  made  of  cast  steel. 
The  percentage  of  reduction  of  area  is  a  more  reliable  measure 
of  true  ductility,  but  to  obtain  the  necessary  particulars 
considerably  more  time  would  be  required  than  is  usually 
available. 

To  some  extent  the  work  put  into  the  plate  may  be 
estimated  by  the  chemical  analysis.  It  is  recognised  in  steel- 
works that  the  carbon  content  must  be  increased  with  the 
thickness,  which  means  that  the  work  done  on  the  material 
is  reduced,  even  allowing  for  the  fact  that  thick  plates  are 
generally  finished  at  a  higher  temperature  than  thin  ones. 
The  author  suggests,  therefore,  that  a  limit  of  carbon  and 
manganese  might  be  required  for  each  tensile  limit  in  the 
same  way  that  the  amounts  of  sulphur  and  phosphorus  are 
restricted.  Plates  Nos.  All  and  B3  may  be  quoted  as 
examples  of  the  want  of  this  restriction  ；  in  these  plates  the 
carbon  was  0*35  and  0*3  per  cent,  for  a  thickness  of  l^in. 
and  l|in.  These  quantities  approach  those  allowed  for  steel 
castings,  and  indeed  the  structure  of  these  plates  was  similar 
to  that  material.  The  longitudinal  tensile  tests  of  these  plates 
gave,  however,  quite  satisfactory  results,  but  both  plates  are 
typical  of  the  use  of  two  small  ingots  with  a  high  finishing 
temperature. 

To  sum  up,  it  would  appear  that  in  order  to  eliminate  the 
risk  of  failure  the  following  points  should  be  complied  with  ： 
(1)  Large  ingots  ；  the  proportion  of  the  weight  of  the  plate  as 
cut  not  to  exceed  about  45  per  cent,  of  that  of  the  ingot.  (2) 
Effective  annealing,  the  pyrometer  being  always  used,  and  a 
record  kept  of  the  temperature  to  which  each  plate  was  sub- 
jected as  well  as  the  length  of  time  it  was  in  the  annealing 
furnace.  (3)  Low  phosphorus,  not  to  exceed  0*05  per  cent . ,  or 
with  arsenic  0'06  per  cent.  (4)  Inspection  of  all  parts  which 
require  dressing  by  an  independent  inspector,  no  plate  to  be 
accepted  at  the  boiler  works  which  has  been  dressed,  and  has 
not  been  stamped  by  the  inspector  on  the  dressed  part.  (This 
has  been  done  by  the  Board  of  Trade  for  many  years.)  (5) 
Occasional  transverse  tests  to  be  taken  from  the  centres  of 
the  ends  or  sides  of  the  plates  corresponding  with  the  longi- 
tudinal axis  of  the  ingot. 

The  Board  of  Trade  have  willingly  given  permission  to  use 
the  official  records  for  this  paper,  in  the  hope  that  the  par- 
ticulars given  will  help  to  prevent  failures  in  future.  The 
author  desires  to  thank  Mr.  David  Colville  for  granting  the 
use  of  the  fine  photo-micrographic  apparatus  at  Dalzell  Works, 
and  Mr.  H.  J.  Pinkerton,  chief  chemist  at  those  works,  for 
taking  many  of  the  photographs  given  in  this  paper. 


A  GERMAN  DESIGN  OF  WATER-TUBE  BOILER  AND 
SUPERHEATER. 

The  accompanying  illustrations  show  a  combined  arrange- 
ment of  water-tube  boiler  and  superheater,  the  invention  of 
the  Vulcan  Works,  Hamburg,  Fig.  1  being  a  vertical  section 
and  Fig.  2  a  view  in  section  taken  along  the  line  A  B  in 
Fig.  1，  the  long  arrow  indicating  the  path  followed  by  the 
furnace  gases  or  products  of  combustion.  The  arrangement 
comprises  an  upper  drum  C，  two  lower  drums  D，  and  1  lie 
water  tubes  E.  Inside  the  boiler  the  superheater  coils  F  are 
built  into  the  space  formed  on  one  or  both  sides  of  the  nests 
of  water  tubes  E  by  omitting  some  of  the  water  tubes.  The 
inner  and  outer  walls  G  and  H  are  formed  by  arranging  the 
water  tubes  close  together,  the  inner  row  of  tubes  G  being 


Fig. 
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L.— Sectional  Elevation  of  Wateh-tube  Boiler  and  Superheater. 


adapted  to  prevent  direct  contact  of  tHe  furnace  gases  with 
the  superheater.  The  superheater  coils  are  disposed  in  ver- 
tical planes  and  open  into  horizontally  arranged  steam 
chambers  J,  as  shown  on  the  left-hand  side  of  Figs.  1  and  2. 

Upon  the  right-hand  side  of  Fig.  2  a  second  constructional 
form  is  shown  in  which  the  heat  yielded  up  by  the  hot  gases 
is  still  further  increased  by  special  water-tube  walls  K  inserted 
alternately  from  both  sides.  The  gases  are  caused  to  flow 
through  the  nest  of  tubes  by  a  long  path,  and  they  are  thus" 
afforded  an  opportunity  for  a  comparatively  long  period  of 
time  of  transmitting  their  heat  to  the  water  tubes.  Further, 
in  this  case  also  an  automatic  circulation  of  the  water  may 

be  obtained  without 
the  incorporation  of  a 
separate  return  pipe. 
Owing  to  the  position 
of  the  steam  chambers 
J，  which  are  readily 
accessible  from  the  ex- 
terior, the  superheaters 
are  rendered  capable 
of  being  inspected  and 
cleaned  without  the 
necessity  for  tedious  dismantling  operations.  It  is  possible 
to  obtain  any  predetermined  degree  of  superheating  accord- 
ing to  the  longitudinal  dimensions  of  the  superheater  and 
the  manner  in  which  it  is  built. 

The  wet  steam,  coming  from  the  boiler,  enters  the  super- 
heater by  way  of  the  steam  chambers  J  and,  flowing  through 
the  superheater  tubes,  becomes  superheated.  The  steam  then 
passes  through  the  other  steam  chambers  J  to  the  main  steam 
pipe.  From  the  grate  the  hot  gases  pass  upwards  and  rear- 
wards and  entering  through  an  opening  L  at  the  rear  of  the 
inner  wall  G,  they  pass  between  the  first  nest  of  water  tubes  t 
The  gases  flow  between  these  tubes  from  rear  to  front  and 
in  their  further  passage  encounter  the  superheater  tubes  or 
coils  F，  about  which  they  flow,  thence  passing  between  the 
second  nest  of  the  water  tubes  and  finally  through  an  opening 
at  the  front  end  of  the  outer  wall  H  into  the  smokebox.  It 
is  advantageous  to  arrange  a  preliminary  air  heater  M  behind 
the  boiler  heating  surface,  whereby  a  specially  efficient 
utilisation  of  the  hot  gases  is  ensured  even  after  they  have 
passed  the  water  tubes. 


Fia.  -2.— Sectional  Plan  of  Water-tube 

J;o",l':R  AND  SUPERHEATEK. 
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BOOK  REVIEWS. 

The  Gas  Turbine.  Hy  Norman  Davcy.  Loudon  ：  Const  al  It* 
and  Vn.     Oin.  hy  (iin.     IMS  pp.     IVi<u'，  1  5s.  net . 

Although  the  gas  tui'hine  has  m)t  yet  hecorne  a  roinnierci;:  1 
machine,  a  good  deal  of  experimental  work  and  inventive 
ingenuity  has  been  expended  in  the  expectation  of  its  hein^ 
eventually  realised.  The  difficulties  in  the  way  are  ui:- 
douhteclly  great,  aiul  wliether  or  not,  t  liev  will  ultimatt'l  v  !>.' 
' overcome  we  will  not  attempt  to  prophesy.  The  theory  of 
t  lie  problems  involved  are  interest  ing  and  instructive,  l>ul 
though  they  have  been  toin-hcd  upon  more  or  less  l)y  many 
writers  this  is,  we  believe,  the  first  British  textbook  to 
deal  in  a  coin prcheiisive  ！ iiauncr  wit  li  t  he  subject .  This  ■"， 
the  justification  put  forward  by  its  aut  hor  in  t  lie  jjrei'acc  Foi' 
adding  anot lier  to  the  long  list  o t'  volunies  on  t hermud yna!m('s， 
aiul  it's  special  applications  to  tliis  part icular  field  have  fur- 
nished him  witli  ample  material.  1 1  is,  of  course,  inevitable 
from  the  nature  of  the  work  that  the  class  of  readers  will  be 
small  and  coniined  mainly  to  st  udents  ()r  tlie  lieads  of  firms  on 
the  search  for  new  out  lets  for  const  rucl  ive  skill  and  enterprise. 
The  author  has  taken  his  task  seriously,  and  those  interested 
in  the  future  developments  of  tui'hiiu  s  will  Hud  the  book 
of  intei'^st .  We  trust  their  luirn Ite r  may  be  sufficient  tu 
reward  him  for  tlie  pains  an<l  labour  lie  lias  evidenrly 
<lev()t  ed  i  o  liis  t  ask  - 

Practical  Ironfounding.  By  Joseph  Horner.  Fourth  edition. 
London  ：  Wluttaker  &  Co.  7Ain.  hy  5iin.  ；  409  ])p. 
Price,  5s.  net. 

The  author  of  this  volume  has  been  long  known  as  a  writer 
on  pattern-making,  of  which  he  has  had  wide  experience,  and 
as  the  pattern  shop  is  intimately  associated  with  the  foundry 
he  has  inevitably  had  considerable  experience  with  the  latter 
also,  and  therefore*  may  be  regarded  as  well  equipped  for  deal- 
ing with  many  of  the  practical  sides  of  moulding.  The  fact 
that  tlie  book  has  run  into  a  fourth  edition  is  obvious  proof 
that  it  lias  met  a  want,  and  we  can  believe,  from  the  practical 
knowledge  displayed  and  illustrated,  that  the  volume  is  a 
popular  one,  especially  with  students.  The  practical  work  of 
foundry  operation  is  very  fully  dealt  with,  though  the  metal- 
lurgical side  is  rather  briefly  treated  ；  but  as  this  is  a  field 
big  enough  for  a  volume  in  itself  the  author  has  probably 
acted  wisely  in  confining  liiniself  to  the  general  outlines  of 
cupola  work.  Taken  altogether  the  book  is  a  sound,  pr;"'ti- 
cal  treatise,  ； uul  we  liave  pleasure  in  re('o:imieii(liiig  it. 

*    *  ■» 

Modern  Workshop  Practice.  A  Manual  for  Students  and  Appren- 
tices in  Technical  Institutes.  By  Ernest  Pull.  London  ： 
Crosby  Lockwood  &  Son.  7^!in.  by  5^  in.  ；  308  pp.  Price, 
5s.  net. 

The  increased  attention  given  by  technical  institutes  to 
workshop  training  has  brought  into  existence  quite  an  army 
of  students  interested  in  the  theory  of  machine  tools  and 
manipulative  processes.  There  are  already  a  number  of  books 
dealing  with  engineering  workshop  practice,  but  the  one  uiulei- 
notice  bears  sufficient  freshness  as  regards  matter  and  treat- 
ment to  warrant  a  place  amongst  them.  Tlie  constructive 
principles  of  the  machine-tool  and  fitting  shop  are  clearly 
explained  and  illustrated,  and  this  in  a  way  that  can  be 
readily  followed  by  the  apprentice  or  elementary  student. 
The  book  is，  of  course,  mainly  descriptive,  and  the  arithmetic 
never  travels  beyond  simple  fractions.  The  descriptive 
information  is  also  accompanied  with  numerous  tables,  wliich 
help  to  make  the  volume  more  self-contained. 

Gas  and  Oil  Engine  Management.  A  Practical  Guide  for  r,、,  rs 
and  Attendants.  By  M.  Powis  Bale.  London  ：  Crosby 
Lockwood  &  Son.    7^in.  by  5in.  ；  164  pp. 

Electrical  Wircmcn's  Work.  A  Practical  Handbook.  By  J.  H. 
Havelock,  head  of  Electrical  Engineering  Department, 
Chatham  Technical  Institute.  London  ：  Crosby  Lock- 
wood  &  Son.    7^in.  by  5in.  :  332  pp.    Price,  5s.  net. 


THE  FOUNDRY  CUPOLA. 

HY    K.    L.    HUEAD,    MANCHESTER.  • 

【n  the  design  of  a  piece  of  apparatus  for  any  given  purpose 
，t  is  first  necessary  to  study  the  conditions  under  which  it  will 
be  used  and  the  variations  in  oondition  possible  as  the  result 
of  accidental  and  functional  changes,  and  also  its  coniu>rtioii 
witli  and  dependence  on  other  appliances  with  wliich  it  will 
have  to  act  in  conjunction,  and  by  which  its  cfliciency  will  be 
largely  affected.  It  will  be  necessary  to  consider  its  position 
in  the  scheme,  wliether  it  occupies  a  primary  or  subsidiary 
place,  and  in  the  former  case  to  build  tlie  scheme  round  it , 
or  in  the  latter  to  build  it  in,  having  first  shaped  it  in  size  ;hm1 
form  for  the  position  intended. 

In  melting  iron  for  the  foundry  the  cupola  holds  the  posi- 
tion of  tlie  first  importance,  and  its  behaviour  will  determm'' 
to  a  large  extent  the  success  attained  not  only  in  tins  partim- 
lai-  department  of  foundry  work,  but  also  in  the  general 
success.  The  object  aimed  at  in  the  successful  operation  of  a 
(mpola  is  to  provide  a  supply  of  molten  iron  siifliriently  hot 
for  the  purpose  in  hand  as  rapidly  or  as  regularly  as  possible, 
as  tlie  case  may  be,  with  the  miiiimum  of  cost  both  in  l;",(,ur 
and  fuel  and  attention ― a  reliable  appliance  whose  Working 
can  be  reduced  almost  to  a  standard,  and  the  results  relied  on 
with  certainty,  so  long  as  working  conditions  do  not  depart 
from  the  normal  to  a  greater  extent  than  is  likely  to 卬'' ir 
from  the  usual  minor  accidental  circumstance  of  daily  work. 
It  may  be  called  upon  to  supply,  during  the  same  run,  metal 
cf  a  different  quality  for  different  purposes,  or  it  may  run  for 
long  periods  on  material  of  the  same  character.  Special 
features  may  be  necessary  in  the  latter  case,  but  in  all  circum- 
stances the  primary  object  is  to  secure  rapid,  hot,  and 
economical  melting. 

In  order  to  do  this  it  will  be  necessary  first  to  attain  a 
temperature  high  enough  to  melt  and  superheat  the  metal 
sufficiently  to  enable  the  mould  to  be  filled  while  yet  the  metal 
retains  all  its  constituents  in  perfect  solution,  so  that  cooling 
and  solidification  can  proceed  regularly.  Second,  to  generate 
sufficient  heat  to  melt  the  metal  and  raise  its  temperature 
to  the  desired  limit  with  as  little  fuel  as  possible.  The  amount 
of  heat  required  for  these  purposes  is  a  perfectly  definite 
amount,  depending  only  on  the  melting  point,  and  the  specific 
and  latent  heats  of  the  metal.  In  this  connection  it  must  be 
borne  in  mind  that  the  burning  of  a  given  fuel  can  only 
generate  a  certain  quantity  of  heat  per  unit  weight  consumed 
under  the  best  possible  conditions.  This  depends  on  its 
composition  only.  Whether  this  amount  is  generated  depends 
on  how  completely  the  fuel  is  burnt.  Carbon,  it  will  be 
remembered,  burns  in  two  stages ― to  the  monoxide  CO，  and 
the  dioxide  C02.  The  maximum  amount  of  heat  is  produced 
by  the  latter  change,  but  instead  of  the  former  change 
producing  a  half  of  the  amount,  it  only  produces  something 
less  than  one-third  of  the  total.  It  is  therefore  obvious  that 
the  combustion  should  be  made  as  complete  as  possible.  Com- 
plete combustion  can  only  be  attained  when  there  is  a  suffi- 
cient excess  of  air  to  furnish  oxygen.  If  in  the  burning  of 
coke  or  other  carbonaceous  fuels,  there  is  a  local  excess  of 
oxygen,  carbon  dioxide  may  be  formed  ；  but  if  that  gas  comes 
into  contact  with  carbon  at  a  sufficiently  higli  temperature ~ 
say,  above  redness ― the  carbon  deprives  it  of  half  its  oxygen 
and  reduces  it  to  carbon  monoxide.  Both  factors  must  be 
reckoned  with,  viz.,  temperature  and  contact.  If  the  tem- 
perature is  too 】ow  to  furnish  the  heat  for  the  reduction, 

C    +  O  =  CO.  +  96,960  lieat  units 

C    +0  =CO  +29,676    ，，  .， 

CO  +0  =C(X  +67,284    ，，  ，， 

CO.  +  C  =200-37,608  "  ,， 
it  will  not  take  place,  and  if  contact  of  the  gas  with  the 
carbon  does  not  occur  it  will  remain  unreduced.  Tliese  con- 
siderations are  of  the  greatest  importance  in  dealing  with  the 
blast,  its  quantity,  distribution  and  pressure,  and  also  with 
the  rapidity  of  the  gas  current  passing  through  the  cupola, 
the  size  of  coke  and  its  quality.  Any  condition  making  an 
increase  in  the  amount  of  carbon  dioxide  in  the  gases  passing 
from  the  furnace  must  result  from  an  increased  development 

*  Paper  presented  at  the  nnnnal  convention  of  the  British  Foundniucn'f 
Association,  nt  Leicester,  May  12th  to  I  Ith,  1914. 
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of  heat  in  the  cupola  from  the  coke  burnt.  It  must  not  be 
overlooked  that  the  carbon  monoxide  will,  if  still  hot  enough 
to  ignite,  burn  in  an  excess  of  air  and  produce  carbon  dioxide, 
as  shown  above,  with  the  generation  of  much  heat. 

Of  equal  importance  is  the  economical  application  of  the 
heat  generated.  In  ordinary  cases  heat  is  only  communicated 
to  one  body  by  another  by  contact  or  by  radiation.  In  the 
case  of  gases  only  by  actual  contact,  as  gases  possess  little 
radiating  power,  so  that  in  a  cupola  heating  of  the  metal  and 
other  materials  must  result  from  (a)  actual  contact  with 
incandescent  coke;  (6)  heat  radiated  from  the  surrounding 
coke ― but  only  by  the  surface  coke ― if  two  pieces  of  glowing 
coke  are  one  behind  the  other,  radiant  heat  only  reaches  the 
metal  from  the  surface  immediately  facing  it;  (c)  by  heafc 
abstracted  from  hot  gases  impinging  on  the  surface  of  the 
metal.  Since  the  final  product  of  the  burning  is  gaseous,  the 
part  played  by  the  gases  is  of  primary  importance.  By  far 
the  greater  part  of  the  heat  generated  in  the  furnace  is  first 
taken  up  by  the  gases  and  by  them  distributed  in  the  fur- 
nace. Consequently  any  consideration  that  influences  the 
manner  of  distribution  or  the  completeness  of  the  contact  of 
the  gases  with  the  solid  materials  in  the  furnace  will  produce 
its  due  effect  on  the  working  of  the  cupola,  irregular  distri- 
bution leading  to  imperfect  contact  and  irregular  heating 
with  incomplete  cooling  of  the  gases  and  loss  of  heat. 
Incidentally,  the  region  of  high  temperature  extends  higher 
in  the, furnace,  either  generally  or  locally,  and  in  some  cases 
the  lining  of  the  furnace  will  suffer. 

It  has  been  already  pointed  out  that  a  certain  quantity 
of  useful  heat  is  required  to  melt  the  metal  and  slag  in  the 
cupola,  and  that  a  certain  quantity  will  be  wasted  or  lost  in 
various  ways.  That  heat  may  be  considered  lost  which  is  not 
transferred  to  the  metal  and  slag.  These  losses  comprise  (a) 
loss  by  radiation  from  the  casing  of  the  furnace  ；  (b)  sensible 
heat  carried  away  by  the  hot  gases  from  the  throat  ；  (c) 
undeveloped  heat  represented  by  the  carbon  monoxide  in  the 
gases.  To  a  greater  or  less  extent  these  are  unavoidable,  and 
the  cupola  will  be  most  efficient  in  which  these  losses  are 
reduced  to  a  minimum.  In  ordinary  circumstances  the  whole 
of  the  heat  is  derived  from  active  combustion,  more  being 
carried  in  mechanically  by  using  a  hot  blast  as  in  iron- 
smeltiug  blastfurnaces.  A  brief  glance  at  these  losses  will 
point  out  some  useful  conclusions. 

Loss  by  radiation  will  depend  on  the  temperature  of  the 
casing,  and  will  depend  on  the  rate  at  which  heat  is  con- 
ducted to  it  from  the  hot  interior  by  the  lining.  The  thick- 
ness of  the  lining  and  its  conductivity  will  thus  enter  into 
the  consideration.  The  latter  varies  comparatively  ] ittle  for 
firebrick,  but  its  thickness  will,  of  course,  have  an  effect. 
The  extent  of  the  surface  of  the  casing,  compared  with  the 
sectional  area  of  the  furnace,  has  a  large  influence.  As  the 
area  increases  with  the  square  of  the  diameter  and  the  cir- 
cumference with  the  diameter  the  proportion  of  surface  to 
capacity  rapidly  diminishes. 


Diameter 
of  cupola. 

Sectional 
area. 

Circum- 
ference. 

Surface. 

Cubic 
Capacity. 

Cubic  capa- 
city feet. 
Area  of 
surface. 

l 

0-7854 

31416 

4 

0-25 

2 

3-1416 

6-2832 

2 

0-5 

3 

7-0686 

94242 

1-3 

0-75 

Obviously  the  loss  of  heat  from  this  cause  must  be  less 
in  the  case  of  wider  cupolas  than  in  narrow  ones,  and  greater 
economy  must  result.  The  only  practicable  means  of  pre- 
venting this  loss 一 lagging  the  cupola  is  out  of  the  question ― 
is  by  circulating  the  air  blast  round  the  cupola  and  carrying 
the  heat  thus  taken  up  back  into  the  cupola,  so  that  so  far 
as  the  portion  of  the  cupola  treated  is  concerned  the  loss  of 
heat  is  avoided.  Obviously,  any  cooling  of  the  metal  reser- 
voir is  out  of  the  question,  as  the  circulation  of  air  round 
it  would  remove  heat  more  rapidly  than  it  would  be  dissi- 
pated by  ordinary  radiation.  Clearly,  also,  the  largest  loss 
will  occur  in  the  hottest  part  of  the  furnace 了 the  melting 
zone  and  immediately  below  it.    Incidentally,  any  cooling 


that  may  be  effected  will  tend  to  protect  the  lining  of  this 
most  important  part  of  the  furnace  and  maintain  the  lines  of 
the  furnace  interior. 

Several  makers  of  furnaces,  either  designedly  or  from 
convenience  of  blast  supply,  circulate  the  air  round  the  fur- 
nace― the  ordinary  outside  air  belt,  as  used  in  the  Thwaites 
Rapid,"  Allday  &  Onions,  and  Collian  &  Whiting  cupolas. 
Numerous  others  may  be  mentioned.  The  air  at  the  tuyere 
is  considerably  hotter  than  the  atmosphere.  In  some  cupolas 
the  air  belt  is  constructed  inside  the  casing,  thus 
reducing  the  thickness  of  the  lining  and  increasing 
the  heating  effect.  The  "Jumbo"  furnace  and  the 
" Calumet"  may  be  cited  as  instances.  Reference  may  also 
be  here  made  to  casings  placed  in  the  upper  part  of  the 
furnace,  avowedly  for  the  purpose  of  heating  the  air  blast, 
as  in  Hyham's  cupola.  To  avoid  undue  importance  being 
attached  to  this  point,  the  value  of  the  saving  effected  may 
be  stated  in  terms. 

A  hundredweight  of  coke  containing  90  per  cent,  carbon 
requires  approximately  15,000  cub.  ft.  of  air  at  the  ordinary 
pressure  for  its  complete  combustion,  allowing  for  no  excess, 
equal  to  12  times  its  own  weight.  This  is  assuming  its  con- 
version to  C02  (and  would  produce  the  same  volume  of  gas 
with  a  weight  equal  to  13  times  that  of  the  carbon  burnt). 
This,  if  heated  1°  Fall"  would  contain  328  B.T.U.,  or  if 
heated  100°  Fah.  32，800  B.T.U.，  less  heat  than  would  be 
generated  by  the  complete  combustion  of  2'51bs.  of  the  coke. 
Its  effect-  on  the  working  of  the  cupola,  however,  is  greater 
than  the  smallness  of  the  amount  would  imply.  The  chilling 
effect  of  the  air  as  it  enters  the  cupola  is  reduced,  and  there 
is  less  tendency  to  form  obstructions.  A  better  distribution 
is  consequently  assured. 

There  is  little  probability  of  the  gases  emerging  from 
an  ordinary  cupola  being  cooled  below  500°  Fah.,  and  they 
usually  reach  650°  to  700°  or  even  higher.  It  follows  that  at 
the  former  figure  the  loss  from  this  cause,  as  shown  above, 
would  be  equal  to  a  little  less  than  13*51bs.  of  coke,  or  12  per 
cent,  of  the  weight  of  coke  burnt,  calculated  on  the  burning 
of  the  carbon  to  carbon  dioxide.  If  calculated  on  carbon 
monoxide  the  percentage  is  nearly  18，  owing  to  the  smaller 
amount  of  heat  generated,  although  the  weight  of  gases  is 
only  a  little  more  than  half  (T7 可) for  the  same  weight  of  fuel 
burnt.  If  two-thirds  of  the  carbon  burns  to  C02  and  one- 
tliird  to  CO，  the  loss  is  approximately  14  per  cent.  The 
actual  loss  in  many  cases  is  more  than  double  this  amount, 
as  the  temperature  of  the  escaping  gases  is  often  1,000°  Fah., 
or  even  higher,  and  the  proportion  of  CO  greater.  Further 
the  quantity  of  air  supplied  is  in  excess.  The  present  figures 
are  based  on  the  minimum  quantity.  Any  modification  that 
will  cause  a  reduction  in  the  temperature  of  the  escaping 
gases  and  in  their  amount  will  tend  to  economical  working. 

Since  the  initial  temperature  of  the  gases  is  fixed  by  the 
temperature  of  melting  required  for  teeming  purposes,  it 
follows  that  this  will  depend  on  the  extent  of  the  subsequent 
cooling.  In  this  connection  the  amount  of  the  gases  as  well 
as  the  temperature  must  be  considered.  Since  gases  only 
give  up  their  heat  by  contact  with  solids,  and  the  rate  of 
exchange  is  proportional  to  the  difference  of  temperature 
between  the  bodies  in  contact,  in  a  cupola  of  any  given 
capacity  the  smaller  the  amount  of  gas  to  be  dealt  with  the 
greater  the  extent  to  which  its  temperature  will  be  lowered. 
Obviously,  all  air  that  enters  the  cupola  at  any  point  must  be 
actually  burnt. 

As  pointed  out,  carbon  in  burning  to  the  monoxide 
generates  less  than  a  third  of  the  total  heat  of  combustion. 
The  loss  of  heat  due  to  this  cause  is  obvious.  Its  presence 
may  be  due  to  an  insufficient  air  supply  ；  bad  distribution 
owing  to  certain  areas  of  the  furnace  not  receiving  their 
proper  quota  while  others  receive  an  excess  :  cooling  down  of 
the  carbon  monoxide  thus  generated  below  the  ignition  point 
before  it  is  mixed  with  the  air  intended  to  produce  complete 
combustion.  In  any  case,  to  generate  the  heat  necessary  to 
carry  on  the  melting,  an  increased  amount  of  coke  must  be 
burnt.  So  far  attention  has  been  devoted  tolely  to  the 
economical  aspect,  because  if  economy,  represented  by  the 
useful  application  of  the  heat  produced,  be  attained,  the 
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accidental  difficulties  usually  encountered  will  be  minimised 
or  disappear  altogether. 

The  relation  of  the  height  to  diameter  will  determine 
largely  the  number  of  contacts  which  the  gases  in  the  ascend- 
ing current  make  with  tlie  solid  matter  of  the  charge,  and 
tlnis  the  extent  of  the  cooling  eil'ect  it  produces.  All  tl"' 
heat  abstracted  will  be  carried  downwards  towards  tlie  melt- 
ing zone  and  reduce  the  amount  it  will  have  to  take  up  in  that 
region,  so  that  not  only  economy  will  be  secured  hut  the 
time  occupied  in  absorl)ing  it  will  he  less  ；  the  melting  will  he 
quicker  and  the  metal  will  be  exposed  for  a  shorter  time  to 
the  action  of  the  blast,  with  consequent  less  alteration  in  the 
calculated  composition  of  tlie  metal 

J  u  comparing  narrow  and  tall  structures  with  others 
wider  and  lower  it  must  be  noted  that  for  the  same  volumes 
of  gases  and  weights  of  charge  the  velocity  of  the  gas  cm - 
rent  in  the  narrower  furnace  reduces  the  time  of  each 
individual  contact  but  increases  the  number.  In  the  w"l('r， 
the  time  of  contact  is  increased,  but  the  number  is  reduced. 
That  the  former  condition  is  most  efficient  will  be  seen  when 
it  is  remembered  that  gases  are  the  worst  conductors  of  heat, 
and  wlien  contact  occurs  the  film  in  immediate  contact  has  its 
temperature  lowered  by  giving  up  heat,  and  that  the  heat 
from  the  remainder  of  the  gas  can  only  be  transmit tc< I 
through  the  cooled  film,  thus  slowing  down  the  rate  of  trans- 
ference. It  is  due  to  this  very  largely  that  even  when 
luii  uing  larger  amounts  of  fuel  tlie  old-fashioned  low  cupolas 
do  not  produce  metal  as  hot  and  fluid  enough  for  the  lightest 
type  of  castings.  In  some  of  the  old  cupolas,  witli  a  total 
height  of  7ft.  to  8ft"  and  tuyeres  22in.  to  26in.  above  the 
bottom,  the  top  of  the  bed  frequently  extended  15in.  to  18in. 
above  the  tuyeres,  and  thus  left  only  3ft.  to  4ft.  for  the 
reception  of  the  charge. 

In  modern  cupolas  a  ratio  of  height  to  diameter  of  about 
5  to  1  gives  satisfactory  results,  as  affording  the  greatest 
economy,  without  unduly  increasing  costs  of  construction  and 
handling  of  stock.  A  further  point  is  the  possibility  of  the 
lodgment  of  the  charge,  especially  in  small  cupolas,  and  tlie 
necessity  of  using  bars  to  dislodge  it.  If  the  obstruction  is 
low  down  the  difficulty  of  removal  becomes  too  great  if  the 
charging  hole  is  high.  A  ratio  of  4  to  1  is  often  maintained 
on  this  account.  The  efficient  concentration  of  the  heat  will 
operate  in  every  direction  ；  less  fuel  burnt  means  also  less  air 
necessary,  and  less  power  for  blowing  purjioses  and  most 
regular  working  of  the  furnace. 

The  rate  at  which  tlie  fuel  is  burnt  and  heat  generated, 
which  determines  the  melting  rate  in  the  cupola,  is  dependent 
on  the  quantity  of  air  supplied  in  an  efficient  manner.  In 
the  older  cupolas  the  tuyere  area  was  far  too  small,  and  very 
curious  conclusions  were  frequently  arrived  at.  An  increase 
of  pressure  produced  better  results.  This  was  ascribed  to 
the  necessity  of  securing  penetration  of  the  charge  by  the 
blast,  whereas  its  effect  was  mainly  due  to  the  increased 
amount  of  air  so  supplied,  as  well  as  its  greater  penetration. 
It  will  be  seen  that  if  a  tuyere  opening  into  the  larger  cham- 
ber of  a  cupola  is  incapable  of  supplying  sufficient  air  to 
extend  over  its  superficial  area  its  upward  movement  will 
commence  near  the  sides  of  the  chamber,  leaving  the  middle 
unafTeoted  ；  but  with  a  larger  volume  its  effect  will  penetrate 
more  deeply  into  the  mass,  the  resistance  offered  to  its  lateral 
as  compared  with  its  vertical  movement  determining  its 
relative  movement  in  the  two  directions.  An  increase  in 
pressure  will,  by  driving  it  forward,  overcome  the  natural 
tendency  of  the  air  to  rise,  due  to  becoming  heated,  and  the 
less  close  packing  of  the  material  in  contact  with  the  furnace 
wall.  The  best  results  must  ensue  when  an  equal  quantity 
of  gas  is  diffused  over  the  whole  sectional  area  of  the  furnace 
and  l'isinor  regularly  through  the  stock  in  tlie  furnace.  Anv 
tendency  of  the  air  to  creep  up  the  sides  in  large  volumes 
will,  unless  the  bed  is  deep,  produce  cooling  and  a  te»i<1encv 
to  hanging  of  the  charge. 

It  follows,  since  a  definite  amount'  of  air  is  required  to 
burn  coke  used  in  melting,  that  for  tlie  admission  of  a  given 
quantity  of  air  at  a  given  pressure,  a  certain  tuyere  area  is 
necessary  ；  that  the  minimum  pressure  necessary  to  secure  tlie 
m  diffusion  of  the  gases  will  vary  with  the  diameter  of 


the  furnace  ；  and  tlie  rate  of  supply  must  vary  with  the  (l'*|'tli 
of  the  stock  above  the  tuyeres,  since  tliat  will  determine  the 
frequency  and  period  of  contact  From  1  lu*  hitter  coiirlnsioii 
it  would  appear  1  liat  i'oi-  every  <'iipola,  in  older  t('  "'H  t  In- 
most economical  results,  t Ikmc  w<jukl  be  a  diirereiit  iat io, 
but  if  tlie  height  is  suilicifiit.  to  secure  t ho  "'oliiig  of  tlx* 
gaM's,  a  lint lu*r  increase  lias  liUle  or  no  effect  unless  it  is 
as  to  materially  increase  tlie  resistance  offered  to  the  In? 
； passage  of  the  ga.ses  tlirou^h  the  ('("itents  of  the  furnace.  1 1 
may,  therefore,  be  eliminated  and  its  application  limited  to 
those  older  and  lower  t'uni  ice-;  now  rapidly  山、 a|>|'«',iriiig. 

The  consideration,  however,  affords  thou^lit  on  tl"'  value 
of  adjustable  tuyere  areas  such  as  are  provided  hy  reducing 
tuyeres  or  even  l)y  cupolas  having  u j>|i(*r  rows  provided  with 
doors  for  closing  tliern  when  necessary.  The  provision  of 
nd justal)le  tuyeres  is  of  advantage  on  experimental  cupolas 
or  on  those  dealing  with  material  liable  to  great  fliwt nations 
in  size  and  tendency  to  pack  in  the  cupola,  or  where  great 
fluctuations  in  the  blower  are  likely  to  occur  through  lack  o\' 
power,  &c.  ;  but  on  those  running  on  uniform  material  under 
constant  conditions  adjustable  tuyeres  afford  no  ;"l、'；mt;w、 
other  than  those  of  emergency.  The  other  f actor  controlling 
tuyere  area  is  the  shape.  The  volume  passed  by  tuyeres  of 
equal  area,  but  of  different  shapes,  will  vary  with  the  friction 
encountered,  and  as  p  a  =  1^  S/'-,  where  p  =  pressure,  a  --  area 
in  square  feet,  S  =  area  of  surface,  v  =  velocity,  and 
K  =  coefficient  of  friction.  It  follows  that  the  friction  will 
vary  with  the  size  of  bounding  surface,  whether  r (川 ii'l, 
square,  triangular,  or  flat,  and  an  increase  in  area  in  these 
proportions  will  be  necessary  in  passing  from  one  form  to 
another  if  equal  amounts  of  air  are  to  be  delivered  under  tlie 
same  conditions  of  pressure. 

The  results  of  experiments  carried  out  to  determine  the 
best  ratio  of  tuyere  area  to  sectional  area  must  consequentlv 

vary.    Bellamy  arrived  at  a  ratio  of  "^rg^-    The  following. 

experimental  results  representing  tlie  conditions  finally 
decided  on  may  be  compared  ：  一 

Nf>.  I.  No.  2. 

Diameter  at  tuyeres  ...       ...   32  a  in.  47  0  in. 

Diameter,  widest  part    ...  40  0  lil  0  " 

Diameter  of  tuyeres  4  *r»  ,">*25 

No.  of  tuyeres   .1   ，，  4  ,, 

Height  tuyeres  to  sta^e    9G   "         卜 4   .. . 

Height  bottom  to  tuyeres  ...       ...       ...     2S  -JS 

Blast  pressure   20   .，         :>0  ,, 

Sectional  area  of  tuyeres     ...   17*4   -.         '2" ,. 

Tuyere  area     1    ,,  1  .. 

Volume  of  air  per  square  inch  prrsecoml.  ..     I  2  I  44 

k    Area  fed  per  square  incli  tuyere  area      ...  14.5  1 4 

The  smaller  cupola  was  melting  from  2*5  to  3  tons  per 
hour  and  the  larger  5  tons,  with  a  coke  consumptiou  (with- 
out bed  charge)  of  1  to  7.  Under  the  conditions  of  working 
this  was  good.  It  will  be  observed  that  the  average  ot'  tlie 
sectional  areas  of  the  two,  viz.,  18*7,  compares  favourahlv 
with  the  former  determination.  Neither  of  the  cupolas  was 
as  high  as  it  would  be  advisable  to  make  them  if  new  ones 
were  being  installed,  and  iu  that  case  probahlv  a  nearer 
approach  to  the  figures  might  have  been  made. 

In  existing  cupolas  the  throttling  of  the  blast  by  tuyeres 
too  small  tor  the  purpose  is  often  a  source  of  delav  and  loss. 
On  the  other  hand,  too  large  a  tuyere  reduces  the  blast  pres- 
sure below  the  limit  of  efficiency. 

Few  points  in  connection  with  cupola  construction  have 
received  more  attention  iii  recent  years.  Each  inventor  lias 
endeavoured  to  secure  the  most  perfect  distrihution  and  com- 
plete coinhustion.  Apart  from  the  question  of  pressure,  the 
position  of  tlie  tuyeres  exeits  a  great  iiiiluence,  and  the 
advantage  of  using  a  number  of  tu veres  is  so  f nil v  rero^n 
as  to  require  no  comment.  Special  slia|>es  mav  he  dividetl 
and  classified  as  elongated  deep  tu  veres,  Hat  tu  veres,  or  a 
combination  of  the  two.  The  reducing  tuvcres  of  the  Trues- 
dale  and  Laurence  type,  as  well  as  vertical  slot  tuveres,  belong 
to  the  first  class.  In  the  second  class,  sheet  blast,  oval, 
cx])aiKlecK  Blakeney,  ^facKenzie,  、VI"tin 二  and  uianv  others 
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are  included,  while  the  triangular,  reversed  T，  and  the  hori- 
zontal and  vertical  slot  combination  belong  to  the  third  class. 
Some  of  these,  like  the  Blakeney,  are  intended  to  give  cer- 
tain directions ― more  or  less  important  to  the  blast- ~ but  it 
is  first  necessary  to  consider  them  as  mere  air  inlets. 

In  tuyeres  of  the  first  aud  third  types,  the  objects  aimed 
at  were  to  supply  air  in  such  a  maimer  as  to  secure  complete 
combustion  and  to  prevent  bridging  of  the  furnace,  the 
upward  extension  of  the  tuyere  being  intended  to  supply  air 
to  consume  the  CO  generated  by  the  air  entering  by  the 
lower  portion,  which  in  many  cases  was  wider  and  supplied 
the  bulk  of  the  air.  How  far  this  is  possible  is  very  doubtful. 
The  conditions  previously  considered  will  show  that  at  the 
ignition  point  of  carbon  monoxide,  coke  itself  would  burn 
in  a  supply  of  air,  and  the  heat  produced  by  the  carbon 
monoxide  burning  would  increase  the  temperature,  thus 
making  it  burn  more  readily.  Further,  the  upward  exten- 
sion of  the  tuyere — some  of  them  were  15 in.  high,  and  in  a 
tew  cases  16in.  to  20in.  liigh ― would  mean  an  extension  of  the 
coke  bed  above  that  level  and  correspondingly  higher  posi- 
tion of  the  melting  zone,  with  a  reduction  in  the  effective 
depth  of  descending  charge  cooling  the  gases.  The  success- 
ful results  obtained  by  some  of  these  arrangements  must  be 
attributed  to  a  better  supply  of  air  and  the  greater  number 
of  tuyeres,  giving  a  better  horizontal  distribution  of  blast, 
rather  than  to  their  upward  extension. 

The  advantage  of  flat  tuyeres  lies  in  the  fact  that  to 
secure  an  adequate  tuyere  area  they  must  extend  round,  a 
greater  part  of  the  circumference  and  secure  a  better  and 
more  even  distribution  of  air.  The  nearer  they  approach 
to  a  continuous  slot  the  more  perfect  this  becomes.  The 
consequent  narrowing  of  the  aperture  brings  the  zone  of 
active  combustion  and  the  melting  zone  lower  in  the  furnace, 
thus  tending  to  economy.  Whether  any  specialised  form  has 
distinct  advantages  will  depend  on  the  blast  pressure.  An 
expanded  tuyere  widening  towards  the  furnace  could  only 
be  effectively  used  with  a  higher  blast  pressure  than  would 
be  required  by  a  straight  slot  or  by  one  which  is  contracted 
towards  the  interior  of  the  furnace. 

Lowering  the  position  of  the  tuyeres  and  diminishing  the 
thickness  of  the  coke  bed  increases  the  effective  height  of  the 
cupola  and  tends  to  economy.  The  height  of  the  tuyeres,  as 
the  main  factor  in  determining  the  position  of  the  melting 
zone,  lias  also  a  marked  influence  on  the  practical  working  of 
the  cupola,  such  as  its  freedom  from  hanging  and  bridging. 
Other  factors  that  enter  into  the  consideration  are  the  pres- 
sure and  volume  of  blast,  as  they  affect  the  amount  and 
upward  velocity  of  the  air  current.  Increased  quantities 
absorb  more  heat  from  the  material  immediately  in  front  of 
the  tuyere  and  produce  a  greater  cooling  effect.  Whether 
this  causes  the  liottest  zone  to  be  somewhat  raised  or  not 
will  be  influenced  by  the  actual  amount  blown  in.  If  this 
exceeds  the  required  amount  or  the  amount  that  can  be  use- 
fully employed  in  combustion  under  the  working  conditions 
the  zone  will  be  raised,  but  if  the  increase  does  not  exceed 
this  quantity  then  the  amount  of  fuel  usefully  burnt  in  the 
region  of  the  tuyere  will  be  increased,  the  amount  of  heat 
generated  greater,  more  rapid  melting  of  the  stock,  accom- 
panied by  a  quicker  descent  of  the  charge,  with  a  correspond- 
ing greater  cooling  effect  on  the  gases,  and  greater 
concentration  of  heat  in  the  melting  zone  with  the  lowering 
of  the  region.  There  is,  therefore,  considerable  justification 
lor  the  provision  in  cupolas  of  means  of  adjustment  of  the 
tuyere  position  to  suit  all  the  exigencies  of  any  particular 
(■ase,  but  once  that  position  has  been  found,  unless  some 
departure  is  made  from  the  existing  conditions,  there  does 
not  appear  to  be  any  further  reason. 

In  actual  working,  pressure  and  volume  of  air  should  be 
maintained  as  nearly  constant  as  possible  and  the  shape  of 
the  furnace  should  not  be  altered  or  its  capacity  increased 
or  diminished  by  changing  the  thickness  of  the  linings,  as 
sometimes  advocated,  nor  should  the  daubing  up  of  the  walls 
be  so  carried  out  as  to  alter  the  diameter  by  giving  a  smaller 
diameter  at  the  beginning  of  its  use  to  allow  of  greater  wear 
and  tear  before  daubing  up  again ― a  variation  sometimes 
amounting  to  4in.  Such  a  variation  on  a  30in.  cupola  means 
"11  increase  of  15  per  cent,  on  the  sectional  area  of  the  cupola. 


The  distribution  of  the  tuyeres  round  the  cupola  includes 
the  consideration  of  the  employment  of  one  or  more  rows. 
From  the  consideration  laid  down  at  the  commencement,  the 
following  deductions  may  be  made.  Since  the  concentration 
of  the  heat  low  down  in  the  furnace  gives  better  facilities 
for  cooling  the  gases,  and  this  can  be  best  effected  by  placing 
the  tuyeres  low  down,  if  it  be  possible  to  supply  a  sufficient 
amount  of  air  and  properly  distribute  it  by  a  single  row  of 
tuyeres,  the  best  results,  economical  and  practical,  will  be 
secured.  But  where  a  greater  amount  than  can  be  prbperly 
distributed  by  a  single  row  is  employed,  in  order  to  secure 
rapid  melting,  two  or  more  rows  may  yield  better  results. 
The  advantage,  if  any,  that  is  secured  results  from  increasing 
the  volume  of  the  furnace  in  which  active  combustion  is  pro- 
ceeding, and  necessitates  increasing  the  depth  of  the  coke 
bed  to  compensate  for  a  raising  of  the  level  of  the  combustion 
zone.  The  extent  to  which  it  is  effective  or  otherwise  will 
depend  on  the  character  and  disposition  of  the  coke  in  front 
of  the  tuyeres.  If  the  bed  be  more  readily  penetrated,  dis- 
tribution will  be  easy  and  a  single  row  of  tuyeres  effective. 
When  a  double  or  triple  row  of  tuyeres  is  used,  the  disadvan- 
tages alluded  to  above  may  be  minimised  by  giving  the  upper 
rows  such  a  downward  inclination  as  will  cause  a  concentra- 
tion of  the  blast  on  a  lower  plane.  How  far  this  will  be 
effective  is  influenced  by  the  pressure  and  by  the  fuel,  for  it 
must  be  remembered  that  the  penetration  and  distribution 
are  not  such  as  would  obtain  in  an  empty  furnace. 

It  will  be  inferred  from  the  foregoing  that  where  more 
than  one  row  of  tuyeres  is  necessary,  the  distance  between 
the  rows  should  be  as  short  as  possible.  Upper  rows  of 
tuyeres  are  sometimes  a  source  of  trouble.  If  a  lump  of  cold 
iron  gets  in  front,  bridging  may  quickly  commence,  and  from 
the  position  of  such  tuyeres  it  is  obviously  more  likely  to 
occur,  especially  when  the  minimum  coke  charges  are  being 
employed.  Hence  the  provision  made  in  many  cases  of  doors 
or  dampers  to  the  top  tuyeres,  at  least,  and  the  permanent 
closing  of  them  by  many  foundrymen.  One  advantage  of  a 
double  row  of  tuyeres  is  that  it  provides  the  foundryman 
with  a  cupola  having  some  reserve  in  its  melting  powers.  A 
cupola  of  adequate  diameter  with  adjustable  tuyeres  and  an 
additional  upper  row  which  may  be  closed  at  will,  may.  be 
used  as  a  single-row  furnace,  with  a  thick  lining  for  general 
purposes,  but  on  occasion  the  increased  thickness  of  lining 
may  be  removed  and  the  additional  tuyeres  called  upon. 
This  would  necessitate  the  existence  of  sufficient  blowing 
facilities  to  meet  the  increased  demand  for  greater  volumes 
and  pressures. 

Consideration  of  the  internal  shape  of  the  furnace  will 
be  restricted  to  the  internal  lines,  and  the  question  of  drop 
bottoms  and  other  points  mainly  connected  with  facility  of 
handling  will  be  omitted  except  where  they  have  a  definite 
bearing  on  the  efficiency  of  working.  All  makes  of  cupola 
may  on  this  consideration  be  classed  under  three  headings : 
(1)  Straight-shaft  cupolas,  with  or  without  enlarged  bottom 
reservoirs.  (2)  Cupolas  contracted  in  the  region  of  the 
tuyeres,  (a)  with  straight  shafts,  (b)  expanded  shafts.  (3) 
Cupolas  with  shafts  tapering  upwards. 

The  advantages  or  otherwise  of  these  forms  must  be  looked 
at  from  two  points  of  view.  Ease  in  haiidling,  as  well  as 
economy,  is  important,  and  the  shape  probably  exerts  a  greater 
influence  on  this  than  on  the  economy  of  meltirg.  Bearing 
in  mind  the  modern  method  of  charging  and  working  a 
cupola,  viz.,  the  charging  of  the  fuel  and  metal  in  distinct 
layers  so  adjusted  that  the  top  of  the  bed  coincides  with  the 
top  of  the  melting  zone,  as  indicated,  the  effect  produced  on 
the  lining  and  the  charges  so  adjust  that  as  the  last  portion 
of  a  charge  melts  at  the  level  of  the  lowest  point  of  the  melt- 
ing zone  and  the  next  layer  of  coke  sinking  just  fills  the  zone 
so  that  the  next  charge  of  metal  begins  to  melt  at  the  top  of 
the  melting  zone,  it  will  be  seen  that  success  and  regular  work- 
ing depend  on  the  uniform  descent  of  the  materials,  and  if 
uniform  distribution  of  blast  be  secured  a  straight  wall 
would  ensure  this. 

Any  tendency  of  the  blast  to  pass  up  the  sides  of  the 
furnace  as  the  result  of  the  looser  packing  of  the  material 
in  contact  with  it  would  lead  to  greater  cooling  immediately 
above  the  tuyeres,  although  a  greater  amount  of  combustion 
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might  result  at  a  higher  point  in  virtue  of  the  increased 
amount  of  air  traversing  that  part  of  the  furnace.  In  tli"t, 
event  the  melting  zone  would  be  raised  at  the  sides  and 
lowered  in  the  centre  of  the  furnace,  while  the  gases  at  the 
sides  would  be  less  efficiently  cooled  and  the  metal  would  n<»t 
be  preheated  to  the  same  extent.  A  slight  increase  in  tlic 
thickness  of  the  fuel  layer  at  the  sides,  so  as  to  provide  a 
somewhat  larger  amount  to  correspond  with  the  increased 
quantity  of  air,  would  prevent  it  from  burning  away  too 
rapidly  and  permitting  the  un melted  metal  or  slag  to  come 
down  so  far  as  to  meet  the  cooling  effect  of  the  blast  and  get- 
ting in  front  of  ilie  tuyeres,  thus  setting  up  l)rid^ing.  The 
practice  often  followed  of  heaping  the  metal  to  a  greater 
extent  in  the  centre  of  the  furnace  provides  this  disposition 
of  the  materials,  and  no  obstruction 國 offered  to  the  regular 
descent  of  the  charges. 

In  cupolas  contracted  in  the  region  of  the  tuyeres,  the 
object  of  getting  the  blast  to  the  centre  of  the  cupola,  often 
given  as  the  ostensible  reason  for  doing  it,  is  fulfilled  ；  but, 
as  previously  shown,  this  can  be  effected  by  properly  adjust- 
ing the  blast  pressure  to  the  diameter  of  the  furnace,  and 
any  real  advantage  must  be  looked  for  in  another  direction. 
Since  the  value  of  any  contraction,  except  possibly  in  cupolas 
of  the  largest  size,  in  supporting  the  weight  of  the  contents 
may  be  passed  over  as  unimportant,  the  only  benefit  possible 
would  be  that  derived  from  securing  a  better  distribution  of 
the  hot  gases  from  the  combustion  region  among  the  stock  in 
the  upper  part  of  the  furnace.  It  undoubtedly  does  this  by 
delivering  the  gases  into  the  centre  of  the  furnace  and  pre- 
venting them  escaping  up  the  sides.  The  early  success  of 
Ireland's  cupola  must  be,  in  the  author's  opinion,  attributed 
to  both  these  causes.  It  must  be  remembered,  however,  that 
such  narrowing  of  the  cupola  is  practically  reducing  the 
cupola  to  one  of  the  narrower  dimensions,  as  all  combustion 
and  melting  must  be  done  in  the  contracted  area. 

Further,  any  contraction  that  is  made  must  extend  above 
the  uppermost  limit  of  the  melting  zone  or  the  obstruction 
it  offers  (especially  in  those  having  no  slope  but  simply  built 
out  in  the  brickwork)  would  be  likely  to  lead  to  bridging  by 
the  melting  material  forming  accretions  whenever  a  slight  or 
momentary  cooling  takes  place.  How  far  this  is  liable  to 
occur  will  be  familiar  to  those  who  have  studied  the  effects 
of  the  lining  getting  out  of  shape  ；  and  the  statement  made 
by  Kirk  that  in  his  experience  with  the  MacKenzie  cupola 
that  "  slag  and  cinder  adhere  to  the  lining  over  the  tuyeres 
and  become  very  hard  and  difficult  to  remove,  and  if  care  be 
not  taken  to  remove  them  after  every  heat  it  soon  builds  out, 
which  reduces  the  melting  capacity  and  increases  the  tendency 
to  bridge  and  hang  up." 

In  cupolas  with  shafts  tapering  upwards  a  further  con- 
dition is  involved.  That  the  descent  of  the  material  is  assured 
is  palpable,  but  the  contraction  appreciable  would  have  the 
effect  of  permitting  the  hot  gases  to  come  into  more  direct 
contact  with  the  sides  of  the  upper  part  and  produce  a  greater 
heating  effect.  This,  however,  would  in  most  cases  be  slight. 
The  author  is  acquainted  with  only  one  cupola  in  which  this 
is  carried  into  practice —— the  water-jacketed  cupola  of  Gruelin 
― in  which  the  radius  increases  by  the  thickness  of  the  plates 
at  each  joint  from  the  top  downwards.  In  this  cupola  the 
effect  of  the  greater  heating  of  the  sides  cannot  be  gauged, 
as  the  circulating  water  prevents  any  undue  heating.  As 
stated  previously,  the  consideration  of  drop  bottoms,  receivers, 
and  other  special  arrangements  was  not  included  in  the 
matters  it  was  the  author's  intention  to  discuss. 


FOSTER  S  STOP  VALVE. 

We  illustrate  herewith  a  design  of  stop  valve  more  particu- 
larly intended  for  use  with  high-presHure  steam,  the  invention 
of  Mr.  W.  H.  Foster,  of  Messrs.  Edward  Foster  k  Son, 
Ltd.,  of  Central  Brass  Works,  \Voolslio|>s,  Halifax.  It  is 
claimed  for  this  design  that  the  detrimental  cutting  action 
of  the  steam  on  the  seating  is  avoided,  and  that  equal  exp;ni 
sion  and  contraction  of  the  seating  is  attained,  thus  tending 
to  prolong  tlie  life  of  the  valve.  The  valve  casing  at  its  upper 
part  is  provided  with  a  stuffing-box  through  wliifli  works  a 
screwed  spindle  carrying  at  its  lower  end  a  disc  valve  A  having 
a  partly  spherical  or  curved  face,  the  valve  disc  being  free 
to  rotate  around  and  capable  of  a  slight  swivelling  movement 
on  the  spindle  to  enable  it  to  bed  itself  truly.  In  conjunction 
with  the  valve  disc  there  is  employed  a  hollow  plug  B 
forming  a  removable  seating.  This  plug  comprises  two  rings, 
a  lower  one  and  an  upper  one,  connected  by  vertical  arms, 
with  openings  between  them  to  permit  of  the  passage  of  steam 
through  the  plug.  The  lower  end  of  the  plug  is  adapted 
to  fit  loosely  in  an  opening  in  the  bottom  of  the  casing,  a 
flanged  set-screw  D  engaging  in  a  screwed  opening  in  the 
bottom  of  the  plug  and  serving  to  hold  the  plug  in  position  - 

The  upper  part  of  the 
■  plug     lias     an  annular 

shoulder  which  is  adapt- 
ed to  rest  upon  an  anini- 
lus  surrounding  an  open- 
ing in  the  dividing  wall 
of  the  casing,  the  plug 
being  a  loose  fit  in  sucli 
opening.  The  plug  ex- 
tends a  suitable  distance 
above  the  shoulder,  and 
its  upper  end  is  coned 
out  internally  as  at  C 
to  an  angle  of  approxi- 
mately 60°.  This  cone 
forms  the  seating  for 
the  valve  disc  A.  Since 
the  plug  is  a  loose 
fit  in  the  casing,  and 
since  the  internally-conerl 
portion  C  forming  the  seat 
is  located  at  a  point  some 
distance  above  the  shoul- 
der which  supports  the 
plug  in  the  casing,  unequal 
expansion  or  contraction 
of  the  casing  is  not  trans- 
mitted to  the  seat,  whicli 
always  retains  its  true 
form  and  enables  the 
valve  to  make  a  tight  joint,  whilst  the  formation  of  the  seat 
is  such  that  it  is  not  affected  by  any  cutting  action  of  the 
steam  as  it  passes  through  the  valve.  Removal  of  the  set- 
screw  D  at  the  bottom  of  the  plug  enables  the  latter  to  be 
withdrawn  tlirough  the  stuffing-box  opening  in  the  top  cf 
the  casing,  no  special  tools  being  required,  as  the  loose  fit  of 
the  plug  always  permits  of  its  being  lifted  straight  out. 


Foster's  Stop  Vai.vk. 


New  Mineral  Engines  for  the  Midland. ― A  new  series  of 
2 ― 8 ― 0  type  superheated  mineral  locomotives,  designed  by 
Mr.  Henry  Fowler,  chief  mechanical  engineer  of  the  Midland 
Railway  Company,  have  been  constructed  at  the  Derbv 
works.  They  are  intendeS  for  hauling  heavy  mineral  traffic 
on  the  Somerset  and  Dorset  Joint  Railway.  The  new  engines 
have  been  designed  to  deal  with  loads  50  per  cent,  heavier 
than  those  previously  hauled  over  the  «teep  grades  of  the  line. 


BUILT-UP  HIGH  SPEED  CUTTING  TOOLS. 

A  process  of  welding  high-speed  to  low-carbon  steel  (0"25  to 
0'60  per  cent,  carbon)  has,  according  to  '  The  Iron  Age,"  been 
developed  by  Mr.  Adolph  Rosner,  of  Bridgeport,  Conn.. 
U.S.A.  The  high-speed  steel  piece  is  not  dovetailed  in,  nor 
brazed,  but  welded  against  the  flat  surface  of  the  low-carbon 
steel  base,  to  make  one  solid  piece.  Any  kind  or  make  of 
high-speed  steel  can,  Mr.  Rosner  states,  be  welded  success- 
fully. The  accompanying  illustrations  show  the  construction  of 
the  tools,  from  which  it  will  be  seen  that  a  small  piece  of  high- 
speed steel  for  the  cutting  edge  is  welded  to  a  low-carbon  、t。  i 
base,  called  the  shank.  The  two  pieces  to  be  welded  are 
heated  in  a  gas  furnace.  The  high-speed  st，el  is  heated 
slowly  to  welding  heat,  over  2,000°  Fall.    The  pieces  are  taken 
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out  of  the  furnace  and  put'  inider  】>i'essure  to  unite  the  two 
-iiielals.  This  takes  only  a  few  seconds.  A  special  flux  is  used 
in  welding.  It  has  been  found  that  the  quicker  the  tempera- 
ture is  brought  from  hardening  temperature  down  to  about 
] ,300°  Fall,  the  better  the  cutting  quality  of.  the  tool.  The 
hardening  of  the  tool  takes  place  at  the  same  time  and 


Low  Carbon  Steel 


HS  Steel 


Two  such  tools  will  give  as  much 
service  as  one  so/fa  H  S  s  fee /too/ 
Sovmg  45%  tn  cost 


High  Speed Steef 


LowCarbon  Steel 


LowCorbon  Sfeef 


High  Speed  Stee^l; 


丄一 —HBStesL ―」 


Three  such  tools 
so/id  H  S  stee/ 


yive  oS_much  service 
' iccsfaffooh 


Low  Carbon  Steef 


Five  s'jch  fools  will give  as  much  service  as 
tdid  H  S  steel  fool  Saving  40%  in  cost 


-JiuiLT-up  Lathe 


Planing  Tools. 


Hie  same  lieat  as  the  welding.  Right  after  welding  the  tools 
are  ready  to  be  ground  and  used.  Welded  forming  tools,  dies, 
jmnches,  milling  cutters,  taps,  knives,  &c.，  have  to  be  annealed 
after  welding  to  make  machining  possible,  and  after  machining 
are  liardened  in  the  regular  way,  as  with  tools  made  of  high- 
speed steel  alone.  Tools  made  in  the  way  described  are  sup- 
plied ready  for  immediate  use  without  reforging.    When  the 
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KlO.  '2.— ClHCULAlt  MKTAIi  SAW  WIT H  Hl(iH-SPKKD  StKKL,  CUTTKHS  WELDED 
TO  IjOW-CAKBUN  Stekl  Dl.SC. 

culling  edge  is  worn  out  another  piece  of  high-speed  steel  】iiay 
be  welded  ou  to  the  left-over  shank.  The  tools  can,  of  course, 
be  annealed,  machined,  or  re-liardened,  as  desired.  It  is 
stated  also  that  it  is  possible  to  bend  or  forge  such  tools  at 
the  weld  to  a  certain  extent,  if  clone  at  high  temperature. 
With  regard  to  the  low-carbon  steel  shank,  it  is  held  that  as 
the  low-carbon  steel  is  sucli  that  it  will  stiffen  by  quenching 
in  water,  it  is  suitable  even  for  long  overhanging  tools. 


BY-PRODUCTS  OF  STEEL  MANUFACTURE.: 

HY  ADOLPHE  GHEINtU,  D.SC. 

I  im;oih)sk  to  direct  attention  to  a  subject  that  has  greatly 
pre-occupied  my  mind  during  the  last  few  years,  and  1  Ik* 
mi|"n  tance  of  which  increases  continuously  ；  the  subject  of 
the  by-products  of  the  manufacture  of  steel.  So  much  work 
has  been  done  within  the  last  few  years  on  this  question  that 
I  cannot  claim  to  add  any  new  thing  to  your  knowledge  there- 
of. I  tliink,  however,  that  it  will  not  be  without  interest  to 
collate  the  results  obtained  in  this  field,  which  is  now  being 
more  and  more  cultivated.  There  is  now,  so  to  speak,  hardly 
a  single  works  of  importance  that  does  not  consist  of  several 
departments  closely  linked  together  in  interest  and  sul)ject 
to  a  common  control.  Coke  ovens,  blastfurnaces,  steelworks, 
with  converters  or  opeu-hearth  furnaces,  rolling  mills,  and 
forges,  constitute  a  Iiarmonious  whole  to  which  all  the  pai-ts 
contribute  their  co-operation  in  order  to  effect  the  greatest 
possible  economy  in  working. 

Retout  Coke  Ovens. 

Whatever  system  of  coke  ovens  is  employed,  the  essential 
condition  is,  of  course,  the  production  of  a  coke  of  the  very 
best  quality,  as  the  blastfurnace  will  not  submit  to  the  use  of 
； m  inferior  fuel,  irregular,  half-coked,  varying  in  hardness,  in 
porosity,  or  in  density,  and  everyone  who  has  had  the  manage- 
ment of  blastfurnaces  well  knows  that  there  is  uo  falser 
economy  than  to  employ  an  inferior  coke.  But  since  1880 
progress  has  been  made,  and  from  any  of  the  modern  coke 
ovens  coke  of  the  requisite  quality  may  be  expected  and 
obtained.  Let  us  now  consider  what  secondary  products  may 
be  obtained  from  coke  ovens. 

I.  Coke-oven  Gas. —— This  gas,  which  is  exceedingly  rich  in 
calories  (3,700  to  4,000  per  cubic  metre)  was  formerly  used 
almost  exclusively  in  heating  the  coke  ovens  themselves,  being 
carried  away  by  flues  beneath  the  bottoms  of  the  retorts  or 
between  the  walls,  and  burned  with  the  aid  of  uu heated  air 
admitted  through  openings  on  the  outside.  The  burnt  gas 
passed  under  boilers,  where  it  served  to  produce  fairly 
approximately  the  amount  of  steam  required  for  the  ovens 
and  for  the  manufacture  of  sulphate. 

It  is  somewhat  astonishing  that  so  many  years  should  have 
passed  before  the  advantages  of  burning  the  gases  by  heated 
air  should  have  been  taken  into  consideration.  The  appli- 
cation of  Siemens  regenerators  would  appear  to  have  been 
plainly  foreshadowed  ；  it  is  possible  that  manufacturers 
sln-ank  from  the  expense,  otherwise  regenerative  ovens  would 
have  been  introduced  long  ago.  Thanks  to  regeneration, 
50  per  cent,  of  the  gas  is,  as  a  matter  of  fact,  saved,  and  it  is 
permissible  to  say  that  the  saving  will  not  stop  at  this,  and 
that  the  important  heat  losses,  due  to  charging  the  coal  and 
to  the  discharging  and  quenching  of  the  coke  will  also  be 
reduced.  Besides  this,  it  is  found  on  studying  the  heat 
balance-sheet  of  the  working  of  a  coke  oven,  that  the  calorific 
energy  absorbed  by  the  distillation  proper  of  the  coal  is  of 
very  little  importance  as  compared  with  the  heat  losses  of 
every  other  description. 

On  the  other  hand,  if  the  process  of  the  distillation  of 
coal  and  of  the  heating  of  the  walls  and  hearths  of  the  furnace 
had  been  more  accurately  reasoned  out,  it  would  almost 
certainly  have  been  recognised  that  the  gas  from  coke  ovens  is 
of  far  too  rich  a  quality  to  be  employed  for  such  purposes,  and 
that  it  would  be  much  better  to  reserve  it  for  other  metallur- 
gical uses  and  to  substitute  for  it  a  gas  of  poorer  quality,  yet 
sufficiently  rich  to  produce  the  desired  calorific  effect.  It  should 
also  be  noted  that  coke-oven  gas,  which  is  rich  in  methane, 
can  only  be  employed  in  the  cold  state,  as  some  of  its  most 
valuable  elements  of  combustion  are  decomposed  by  lieat. 
Table  I.  shows  the  average  composition  and  heat  values  of 
the  three  gases  most  frequently  employed  iu  the  industry . 

These  data,  which  vary  at  different  works,  are  tlioso 
obtained  in  the  laboratory  at  Seraing.  Now  both  experience 
and  calculation  show  that  the  temperature  of  combustion  of 
a  mixture  of  producer  gas  and  air  heated  to  900°  reaches 
1,980°  C,  which  is  practically  equal  to  the  temperature  of 
combustion  of  a  mixture  of  cold  coke-oven  gas  with  air  heated 
to  600o，  which  reaches  a  temperature  of  1,940°  C.    A  mixture 

*  Abstract  of  presidential  address  delivered  to  the  Iron  aud  Steel  Institute 
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of  blast  (iiriKH^*  gas  and  air,  hot  h  heuted  to  900°,  yields  a 
((Miiperature  of  1,920''  C.  It  follows,  Un'r('l(>n',  I  hai  it.  I  lio  is 
from  [n-oducers  or  from  hlasif uniaccs  can  I"'  obtained  clicaplv, 
il  is  highly  advant  ageous  1o  use  i  lnwn  for  heat  in^  t  he  coke 
ov("is，  and  to  reserve  the  richer  coke-oven  is  Cor  oilier  un'l  ； 1 1 
lur"ri('al  uses. 


AHKK   I .  — .  1  Vf  raift  ( 'urn  /tos/f  nnt  tfitd  //'〃/  I  al i/t  nj  d'dsra. 
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With  regard  to  the  value  of  these  different  gases,  it  should 
be  viewed  in  proportion  to  their  calorific  power  and  in  com- 
j>arison  with  the  value  of  the  fuel  for  wliirh  tliese  gases  may 
be  substituted.  This  depends,  thereiore,  on  local  conditions, 
and  on  the  nat ure  of  the  use  made  of  the  gases.  In  t'lic 
particular  instance  of  the  Cockerill  Works,  at  Serain^,  wliicli 
are  under  my  control,  the  following  values  (in  pence  per 
cubic  metre)  have  been  arrived  at: ― Coke-oven  gas  (in  open- 
hearth  furnaces),  015  ；  coke-oven  gas  (for  power  ]>ur])oses), 
0"  VI  ；  purified  producer  gas,  0"7  ；  washed  blastfurnace  gas,  0*3. 

2.  7V//'，  .1  ///  moniutu  St// jthaf  (\  <ni<l  J$r/f  :•>/. —— Some  of  the 
nioinberH  liere  present  can  doubtless  recall  the  chilling 
reception  accorded  on  the  occasion  ot'  t  lu^  nuvting  in  1880  to 
i he  paper  l>y  Mr.  Henry  Simon,  on  the  Carves  ovens  at  1 1n1 
Besse^rs  Works,  of  the  Terre-Noire  ('(mipaiiv,  in  France. 
Tli is  pioneer  attack  on  bee-liive  ovens  acliieved  but  a  slender 
teclniical  success  in  spite  of  the  warm  discussions  which  found 
echo  in  the  Journal  of  the  Iron  and  Steel  Institute/'  and  it 
was  not  until  1898  that  Mr.  Darby,  on  the  initiative  of  the 
President  (Mr.  Edward  P.  Martin),  re-oj)ened  the  question  of 
the  by-products  of  coke  ovens.  It  is  interesting  to  peruse  once 
again  the  polite,  but  guarded,  and  mistrustful  interest  mani- 
tested  in  the  results  obtained  at  Brymbo  and  elsewhere 
Furtlier,  the  only  by-products  described  by  the  author  were 
the  tar?  the  ammonium  sulphate,  and  the  steam. 

There  exist  at  the  present  day  numerous  syst cms  coke 
ovens  - 1 1  Seitiet-Sol  vav,  the  (、、pp6('，  t  lie  Colli",  t  lie  Kop- 
pers,  t  he  Ott  (>，  and  ot  hers  wliicli  pour  upon  the  market  large 
quaniit ies  of  l)y-])rodiU'ty.  From  one  ton  of  coke  there  is 
obtaiiunl  froiti  125  kg.  to  40  kg.  (551bs.  to  851bs.)  of  hetero- 
geneous and  viscid  liquid  tar,  the  conunercial  value  of  which 
constantly  rises,  and  which  is  usually  sent  by  the  works  to 
factories,  where  it  is  submitted  to  fractional  distillation,  to 
yield  industrial  oils  of  very  varied  cotiiposilion.  In  default  of 
petrol,  the  Diesel  motor  works  well  with  these  products,  ； unl 
may  in  the  future  become  a  large  consumer  ；  t lie  ajiiline  dye 
works  are  also  an  important  outlet  for  some  of  these  hydro- 
carbons, amongst  which  naplit lialin  is  also  included. 

In  the  construction  of  roads  a  large  quantity  of  tar  is 
likewise  employed,  wliile  what  may  berome  a  fresli  source  of 
prolit  lor  the  tar  derivatives  is  i  lie  dii  eci  mamit'aci  vire  of 
])ilcli  lor  t  lie  progressive  industry  of  the  briq netting  of  fuels. 
Nearly  one-half  of  the  tar  treated  is  employed  for  lliis  pur- 
pose. Within  the  last  few  years  80  to  90  ])er  cent .  j、itrli, 
having  ； i  remarkal>ly  Itigh  a< ；^] ut  inat  ive  power  and  com 
petiiig  strongly  with  ordinary  j)itc!i,  has  been  produced  I'roiu 
the  tar  by  a  special  process  of  oxidation.  A  、v()rks  to  carry 
out  this  process  has  been  established  near  Liege,  in  Belgium. 

In  certain  cases  it  is  advantageous  to  use  the  tar  as  a  com 
hustible,  with  appropriate  burners  ；  it  may  even  be  used  in 
nietallurgical  furnaces,  as  is  done  at  the  Gary  works  in  1  lio 
United  States,  where  three  Siemens-Mart  in  furnaces  of  from 
90  tons  to  100  tons  rapacity,  heated  by  tar,  have  been  at  work 
for  some  time.  The  total  quantity  of  steel  manufactured  iu 
tliese  furnaces  during  the  year  1913  is  given  at  94,1 10  tons, 
and  the  average  per  cast  at  94'2  tons.  The  mean  ronsmnpt ion 
of  raw  tar  is  34*94  galls,  per  ton.  Tlie  steel  made  in  the 
tar-heat ed  i'uniacos  was  shown  io  contain  14  per  t'(、i".  less 
sulphur  than  tlial  produced  In'  1  lie  ot  \\vv  furnaces  of  the  s;mio 
battery,  while  the  output  was  increased  by  10  per  cent .  as 


compared  wit  !i  tlie  average  of  t  lie  wliolc  、'r'"i|'.  -\IU'r  liavin^ 
1,<，。ii  (loprived  of  (heir  tar,  the  ganes  deposit  their  ammonia 
in  leaden  troughs  coiitainin^  siiiplnu  i<*  arid;  tlie  anniioiiinifi 
sulpliale  1  lius  formed  ropresfiits  a  wciglit  of  1  ]  kg.  t o  1:5  k;'. 
(^4ibs.  to  281bs.)  per  ton  of  coke  ；  the  salt  is  perfectly  white, 
provided  that  care  i.s  taken,  by  means  of  an  ingenious  ； u  raiig'' 
nient,  to  prevent  it  being  contaiiiiualed  by  the  least  traces  of 

By  means  of  】iew  and  highly  interesting  methods,  the  very 
sulpliur  of  the  coal  itself  is  brought  to  combine  wiili  t  Iu; 
ammonia.  It  would  not  appear,  however,  that  finality  】ias 
been  reached  in  tlie  rnetliods  int roduced  in  certain  works  by 
Burckheiser  and  Feld,  but  it  may  be  seen  to  what  extent  it  is 
sought  to  derive  profit  from  the  whole  of  the  elements  con- 
tained in  the  coal,  including  those  which  contaminate  it. 

The  ammonium  sulpliate  is  used  chiefly  as  manure;  its 
consumption  continues  to  increase,  and  the  600,000  tons 
which  were  used  in  1900  became  1,300,000  tons  in  1912,  and 
will  exceed  1,500,000  tons  in  1914.  You  are  aware  that  new 
nitrogenous  manures  are  produced  in  Germany,  Italy,  hikJ 
particularly  in  Norway,  by  the  direct  fixation  of  the  nitrogen 
of  the  air  by  means  of  electricity  ；  but  the  competition  of  the 
cyanamides  and  of  the  nitrate  of  calcium  obtained  by  tliese 
processes  is  not  as  yet  to  be  feared.  On  the  other  liand,  the 
production  of  natural  Chilian  nit  rates,  wliirh  amounts  to 
2,500,000  tons  per  aimum，  will  not  increase  during  the  m-xi 
few  years,  so  that  the  ammoniuin  sulphate  from  coke  ovens 
has  before  it  a  future  which  is  the  more  promising,  inasinurli 
as  the  demand  for  nitrogenous  niaiiures  will  undoubtedly 
cont  imie  io  increase. 

Finally,  benzol  is  another  by-prcxlu('t  of  the  nianufact  un* 
of  coke,  wliicli  lias  numerous  uses  ；  it  yields  on  distillat  ion  tlie 
petrol  (benzine)  of  the  auto】iiobilist ，  ami  is  used  also  as  a 
solvent  for  iiidia-rul>l)er.  Six  to  seven  kilogrammes  (13lhs.  "j 
151bs.)  are  obtained  per  ton  of  coke. 

Even  after  all  this  there  remains,  finally,  the  rich  ;。'、， 
tlie  use  of  wliicli  in  the  early  stages  was  restricted  to  gas 
engines  like  the  blastfurnace  gas,  but  its  high  calorific  energy 
naturally  predestines  it  to  metallurgical  uses  in  metal  mixers, 
open-hearth  furnaces,  reheating  furnaces,  and  similar  employ- 
ments. In  these  various  applications  the  heating  of  the  coke- 
oven  gas  is  exceedingly  simple  ；  it  is,  of  course,  necessary  to 
adjust  tlie  burners  to  tlie  working  hearth  of  the  furnace,  tii'、 
dimensions  of  wliicli  are  determined  in  accordance  witli  tlie 
teachings  of  experience.  There  is  no  more  difficulty  in 
running  such  a  furnace  than  there  has  been  in  the  United 
States  in  running  furnaces  on  natural  gas.  Iu  1912,  the 
United  States  consumed  15,750  millions  of  cubic  metres  of 
natural  gas  of  7,000  calories,  at  an  average  price  of  0'-*>-><1 . 
per  cubic  metre,  representing  a  total  value  of  «£16，680，000. 

The  amount  of  gas  evolved  by  a  ton  of  coal  may  be  est  i 
mated  at  300  cub.  metres  to  350  cub.  metres  (10,500  cub.  it. 
to  12，500  cub.  ft.).  After  passing  through  the  regenerators 
this  gas  contains  only  a  little  sulphur  dioxide  and  sul- 
phuretted hydrogen,  which  it  is  necessary  to  eliniiii;" '•. 
particularly  when  the  gas  is  used  in  gas  engines.  This  purifi- 
cation is  effected  by  making  the  gas  pass  through  layers  of 
iron  oxide  spread  in  tlie  chambers.  It  is  advisable  like\vi>o  to 
install  a  gasometer,  not  ouly  because  it  allows  of  the  compo- 
sition of  the  gas  and  of  the  pressure  at  which  it  is  delivered 
to  the  furnaces  (which  is  highlv  impoit'ant,  particularly  for 
the  successful  working  of  open-hearth  fu mates)  being  ren- 
dered uniform,  but  also  for  storage  purposes  during  t  Uv  pi'riod 
when  the  steel  works  are  stopped,  sucli  as  from  Saturday  in 
Monday  or  during  pi 山 lk，  holidays.  It  may  be  imagined  t  hat 
these  gasonicters  must  alwavs  be  of  enormous  capatit v,  and 
that  their  installation  must  be  expensive,  hut  their  cost  price 
would  soon  be  redeemed  by  the  advantages  to  be  tlerivod  from 
t  he  addit  ional  (plant  it  ies  of  gas  rendered  available.  K"r 
example,  the  gasometer  at  the  Cockerill  CVmipanv's  、、orks 
cost  £20,000,  and  has  a  capacity  of  50,0(10  ml),  met  res. 
Assuming  that  the  open-hearth  furnaces  are  working  only 
300  days  per  annum,  it  would  serve  for  the  collection  as  a 
minimum  of  65  x  50,000  =  3,250,000  cub.  metres  of  gas  of  the 
value  of  015d.  per  cubic  metre.  Tlie  annual  saving  would 
therefore  be  at  least  £1,948. 

Another  use  for  coke-oven  gas  wliic-h  is  becoming  current 
practice  is  the  lighting  of  towns  and  works.  Indeetl  the  ilis- 
< illation  of  coal  in  the  coke  ovens  dilTers  in  nowise  iroin  that 
of  coal  in  a  retort  -    The  average  lighting  power  of  coke-oven 
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gas  is,  however,  lower  than  that  of  ordinary  lighting  gas,  but 
this  defect  can  be  rectified  by  the  use  of  Auer  burners,  whi«*h 
turn  to  advantage  the  calorific  power.  In  any  case,  in  order 
to  satisfy  the  conditions  of  proper  lighting  fractional  distilla- 
tion is  employed. 

During  the  coking  of  the  coal  the  composition  of  the 
distilled  gases  varies  from  hour  to  hour  ；  gases  which  contain 
the  heavier  hydrocarbons,  and  are  driven  off  earliest,  are 
separated  from  those  which  are  more  suitable  for  heating  pur- 
poses. Two  hydraulic  mains  with  the  requisite  taps  are 
employed.  Enormous  installations  have  been  at  work  during 
the  last  few  years  in  Westphalia  under  exceedingly  severe 
specifications,  which  fix  the  calorific  value  at  5,000  calories 
and  stipulate  for  guarantees  of  purity  from  ammonia,  naph- 
thalin,  tar  sulphur,  water  vapour,  carbon  monoxide,  and 
carbon  dioxide.  Some  towns,  such  as  Barmen,  receive  their 
lighting  gas  through  mains  50  kilometres  in  length  from  the 
generating  works  ；  this  town  consumes  17,000,000  cub.  metres 
per  annum,  at  a  price  varying  from  0.361.  to  0*5d.  per  cubic 
metre,  whereas  town  gas  costs  double. 

In  Belgium  a  number  of  coke  works  are  preparing  to  light 
the  towns,  while  the  town  gas  works,  when  increasing  their 
means  of  production,  do  so  by  the  installation  of  coke-oven 
batteries  rather  than  of  retorts.  In  England  there  are  several 
central  gas  works  ；  amongst  others,  the  works  established 
some  years  ago  by  Mond,  whose  reputation  is  world-wide.  In 
America  a  number  of  towns  are  at  present  lighted  by  coke- 
oven  gas  previously  purified.  Finally,  there  may  be  instanced 
as  a  possible  application  for  coke-oven  gas  the  direct  manu- 
facture of  nitric  acid  by  the  process  actually  investigated  by 
Prof.  Hausser  ；  also,  it  is  being  sought  to  obtain  from  these 
gases  the  hydrocarbons,  the  derivatives  of  which  are  found  in 
indiarubber,  and  certain  experiments  undertaken  in  this 
direction  permit  of  the  foreshadowing  of  the  manufacture  of 
artificial  rubber. 

(To  he  continued.) 


THE  FLY1NG  MACHINE  FROM  AN  ENGINEERING 
STANDPOINTS 


BURNING  PULVERISED  COAL  IN  METALLURGICAL  FURNACES. 

The  American  Iron  and  Steel  Manufacturing  Co.,  Lebanon, 
Pa.,  is  burning  pulverised  coal  in  over  100  metallurgical 
furnaces  of  various  types.  The  fuel  is  pulverised  so  that  over 
80  per  cent,  will  pass  through  a  200-mesh  sieve.  The  burners 
feed  from  401bs.  to  9001bs.  of  coal  per  hour,  depending  upon 
the  amount  of  heat  required.  The  coal  is  conveyed  automati- 
cally from  the  car  to  the  pile,  from  which  it  is  taken  by  screw 
conveyers  to  the  driers  and  pulverisers.  Screw  conveyers  are 
also  used  for  conveying  the  pulverised  fuel  to  the  various 
points  of  consumption.  A  tank  or  hopper  of  sufficient  size  to 
carry  about  15  hours'  supply  of  pulverised  coal  is  attached  to 
each  of  the  furnaces.  On  several  occasions  the  fuel  has 
ignited  in  these  hoppers.  In  such  cases  it  is  only  necessary 
to  stop  the  supply  and  to  feed  the  burning  coal  into  the 
furnace  until  the  hopper  is  empty.  There  is  no  danger  of 
explosion  under  these  conditions.  The  fuel  should  be 
delivered  to  the  puddling  and  heating  furnaces  at  a  low  air 
pressure.  From  four  to  six  ounces  of  blast  pressure  is  used 
to  deliver  the  coal  through  a  small  pipe  to  the  large  blast 
pipe,  which  in  a  heating  furnace  is  from  lOin.  to  14in.  diam. 
In  1907  the  average  quantity  of  unpulverised  coal  required 
to  produce  a  ton  of  puddled  bar  was  2,0521bs  ；  in  1908  it 
was  2,0341bs.  Tests  made  in  1913  indicated  that  from  5161bs. 
to  5701bs.  of  pulverised  coal  are  required  for  heating  one  ton 
of  iron  in  the  piling  furnaces.  The  records  of  the  company 
show  that  the  cost  of  preparing  pulverised  coal  in  1912  was 
slightly  over  2s.  6d.  per  ton,  including  transmission  through 
pipes  to  the  furnaces.  The  experience  of  the  company  has 
been  so  satisfactory  that  it  is  now  largely  increasing  its 
installation  for  burning  powdered  coal  and  is  making  arrange- 
ments to  apply  it  to  open-hearth  steel  furnaces  without 
checker  work. 


Boiler  Explosion. ― The  formal  investigation  ordered  b)^  the 
Board  of  Trade  to  be  held  in  regard  to  the  boiler  explosion 
at  the  South  Parade  Pier,  Southsea,  is  fixed  for  hearing  in 
the  Grand  Jury  Room,  Town  Hall,  Ports 画 utli，  Hampshire, 
on  Tuesday,  the  16th  prox.,  at  11  a.m. 


HY  FREDERICK  WILLIAM  LANCHESTER, 


.INST.C.E. 


n  page  401.) 

(4)  Bml ii  Resistance. —- The  body  resistance,  as  already 
stated,  varies  approximately  as  the  square  of  the  velocity. 
It  is  therefore  evident  that,  with  a  machine  of  given  weiglit, 
since  the  flight  resistance  proper  (the  aerofoil  resistance)  is 
constant,  the  higher  the  flight-speed  the  more  serious  rela- 
tively does  the  question  of  body  resistance  become,  and  tlie 
design  of  the  car  and  its  accessories,  such  as  alighting  gear, 
&c.，  is  a  matter  of  increasing  importance  as  the  contemplated 
flight  velocity  becomes  greater.  The  calculation  of  body 
resistance  involves  the  computation  of  the  resistance  of  each 
individual  element,  and  in  some  cases  allowance  for  the  inter- 
ference or  influence  of  one  element  or  portion  of  another. 
Thus  in  the  computation  of  body  resistance  it  is  necessary 
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Fig.  20. 

to  have  at  command  tabulated  results  of  the  resistance  of 
spars  of  various  sections,  wires,  wheels,  and  the  like,  in  addi- 
tion to  a  sufficiency  of  known  data  as  to  stream-line  forms 
of  various  degrees  of  perfection.  A  considerable  amount  of 
experimental  data  has  now  beeu  collected  in  this  direction, 
but  a  great  deal  yet  remains  to  be  done. 十 

The  resistance  of  the  body-shape  or  fusillage  is  a  factor  on 
which  at  present  the  information  available  is  the  least  satis- 
factory, since  it  is  rarely  possible  for  the  designer  to  adopt  a 
close  approximation  to  a  perfect  stream -line  form,  or  a  form 
for  which  the  resistance  coefficient  has  been  already  deter- 
mined ； it  is  usually  necessary  to  have  recourse  to  model 
experiment  in  each  individual  case.  This  is  no  more  than 
must  be  expected,  in  view  of  the  fact  that  the  same  applies 
to  the  design  of  a  ship's  hull  when  any  departure  is  made  from 
existing  practice. 

A  very  few  years  since  little  or  nothing  was  known  as  to 
the  resistance  of  the  so-called  stream-line  or  ichthyoid  body. 
In  1908-09  I  made  enquiries  in  the  endeavour  to  obtain  some 
figures  on  this  subject.       For  bodies  constituting  a  rough 

*  The  "  James  Forrest  "  Lecture,  1914,  delivered  before  the  Institution  of  Civil 
Engineers,  May  5th,  1914, 

t  For  the  resistance  coefficients  of  spars,  wires,  &c.,  reference  should 
be  made  to  the  various  reports  of  the  Advisory  Committee  for  Aero- 
nautics and  the  work  of  Mr.  Eiffel  and  others,  also  section  9  following. 
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imitation  of  a  good  fish  form,  with  ratio 
of  about  (；  t o  1,  the  figures  given  in  T;ihl' 

Table  VIII. 


Authority. 

Date. 

Prandtl  

1008 

0*125 

Colliex   

1908 

(IIOO 

Surrouf  

1008 

British  Admiralty... 

1909 

6.  6 

i^t  h  to  diameter 
were  supplied 


Ittliuirlis. 


Given  as  approximate  only. 

{Kn  >m    i'(  m^h   ex  peri  incut  s  at- 
t  he  factory  of  Voison  Fivi'cs. 
[ Given  as  an  experiment;!  I  dc- 
-      termination  by  the  late  Col. 
(  IN'ii.ird. 
Art  iial  for  water  (rat  io  almnl 
Probable  for  air.  13:1). 


by  tlie  different  authorities  named  ；  tlie  figures,  given  to  me 
in  various  forms,  are  here  reduced  to  represent  the  equivalent 
of  normal  plane  in  terms  of  the  maximum  cross-section. 


It  would  appear  from  more  recent  experiments  carried  out 
at  the  Royal  Aircraft  Factory,  and  at  the  National  Physical 
Laboratory,  that  for  a  well-designed  stream-line  form  the  best 
result  so  far  recorded  is  approximately  0.07，  the  coefficient 
of  fineness  length /diameter  being  round  about  the  value 
4:1. 

The  plotting  given  in  Fig.  20  is  based  on  a  series  of  deter- 
minations made  at  the  Royal  Aircraft  Factory,  with  correc- 
tions (for  which  I  take  responsibility)  to  compensate  for  the 
difference  in  the  coefficient  of  skin-frictiou  between  the  velo- 
city, a20f t.-seconds,  actually  employed,  and  an  assumed  flight- 
speed  of  70  miles  an  hour.  The  plotting  represents  the  Resis- 
tance coefficient  for  bodies  of  about  2ft.  to  3ft.  diam. 

When  we  turn  our  attention  to  the  design  of  the  body  of 
machines  as  they  exist  today，  we  find  that  although  it  is 
becoming  customary  to  give  the  f usillage  a  distinct  fish- like 
outline,  it  is  rare  that  any  real  attempt  is  made 
to  adopt  a  definitely  stream- line  or  true  ichthyoid 
form,  such  as  employed  for  the  experimental  deter- 
minations already  cited,  and  commonly  used  for  dirigible 
balloons.  It  is  not  sufficient  to  give  a  rough  general 
outline  to  the  body  if  a  material  reduction  in  the  resis- 
tance is  required  ；  it  is  necessary  to  go  further  than  this,  and 
to  avoid  as  far  as  possible  corners  and  projections  of  every 
description.  In  many  cases  in  the  body-forms  used  to-day 
the  resistance  is  nearly  as  great  as  that  of  a  normal  plane 
equal  to  the  mid- section  area,  and  a  body  with  a  coefficient 
of  less  than  0'5，  in  view  of  current  practice,  must  be  regarded 
as  exceptionally  good.  As  a  consequence  the  resistance  of  the 
fusillage  and  passengers  alone  is  often  equivalent  to  some 
3  sq.  ft.  or  4  sq.  ft"  whereas  an  equivalent  considerably 
less  than  1  sq.  ft.  ought  to  suffice.  It  is  not  only  neces- 
sary to  avoid  up-standing  projections,  such  as  wind-screens, 
&c.，  but  even  such  things  as  longitudinal  angles  should  be 
eliminated  from  the  design  ；  this  latter  point  has  been  par- 
tially investigated  by  the  National  Physical  Laboratory. 

In  the  Paulhan-Tatin  machine,  mentioned  in  the  researches 
of  Mr.  Eiffel,  the  question  of  body-form  has  been  studied 
with  extreme  care,  the  form  of  body  employed  being  substan- 
tially a  solid  of  revolution,  as  given  in  Fig.  21a.  The  only 
irregularity  in  the  fusillage  is  in  the  aperture  for  the  pilot's 
body,  which  has  clearly  been  reduced  to  the  minimum  possible. 
According  to  the  results  given  in  Fig.  20  it  would  be  still 
better,  from  the  point  of  view  of  resistance,  to  design  the  body 
on  the  lines  shown  in  Pig.  21b,  making  the  body  only  of  suffi- 


cient length  to  contain  the  pilot,  motor,  &c.，  and  c'arrvii'"' 
the  tail  organs  from  a  tubular  contimiati (川. A  model  of  tli 卜 
kind,  made  and  tested  at  the  N.P.L.  (from  designs  of  tlie 
Royal  Aircraft  Factory),  gave  a  normal  plane  equivalent  of 
about  one-fifth  of  its  maximum  cross-section.  The  form  was 
imperfect  as  a  stream-line  body,  and  the  small  scale  (  }  mli 
size)  otherwise  rendered  the  resistance  higlier  than  it  would 
be  in  actuality.— Advisory  Committee  Report  74,  page  177. 

It  is  evident  that  with  sufficient  experience  the  body  fusil 
lage  resistance  of  an  ordinary  two-seat  machine  sliould  In- 
capable of  reduction  to  the  equivalent  of  1  sq.  ft.,  area  of 
normal  plane,  since  a  good  model  of  stream-line  body  of 
5  sq.  ft.  maximum  section  should  in  itself  offer  less  thaii"liali 
this  resistance.  Added  to  this  we  have  the  alighting  chassis 
and  auxiliary  surfaces,  the  resistance  of  which  should  In- 
capable of  being  designed  for  an  equivalent  of  2  sq.  ft.  if 
the  design  be  studied  in  every  detail,  making  3  sq.  ft.  in  all. 
On  the  basis  of  *80  miles  an  hour  the  resistance  will  then 
amount  to  601bs.，  or,  say,  approximately,  5  per  cent.  The 
body  resistance  in  the  machines  of  to-day  is  very  much 
higher  ；  it  is  commonly  the  equivalent  of  at  least  some 
5  sq.  ft,  of  normal  plane  ：  Mr.  Eiffel  gives  1  sq.  metre 
(  =  10  sq.  ft.)  as  usual. 

(5)  Total  Resistance.— Yig.  22  represents  graphically  the 
position  with  which  the  designer  has  to  cope  ；  the  horizontal 
line  a  a  represents  an  aerofoil  resistance  coefficient  of  7  per 
cent.  The  curve  2  represents  (from  a  a  as  datum)  the  addi- 
tional coefficient  due  to  body  resistance  on  the  assumption 
that  we  are  dealing  with  a  machine  of  l，2001bs.  weight,  in 
which  the  body  resistance  has  the  equivalent  of  2  sq.  ft.  area 
of  normal  plane  curve,  3  represents  similarly  the  added  body 
resistance  on  a  basis  of  3  sq.  ft.  ；  lines  4  and  5，  7  and  10, 
represent  4  sq.  ft.,  5  sq.  ft"  7  sq.  ft"  and  10  sq.  ft.  respec- 
tively; curve  5  may  be  taken  roughly  to  represent  the  best 
practice  at  the  present  time.  It  is  evident  that  so  long  as 
flight-speeds  were  limited  to  40  miles  an  hour  or  less,  as  was 
the  case  a  few  years  ago,  the  body  resistance  remained  a 
matter  of  minor  importance ;  in  fact,  in  the  Wright  machine, 
and  in  several  other  machines  of  that  day,  the  pilot  sat  fully 
exposed,  and  little  or  no  attempt  was  made  to  minimise 
resistance,  whereas  with  speeds  of  80  miles  an  hour  the  body 
resistance  will,  unless  great  care  is  taken  in  the  design,  con- 
siderably exceed  the  flight  resistance  proper.  Fig.  22  does 
not  represent  the  resistance  of  a  given  machine  flown  at  diffe- 
rent speeds,  but  rather  the  resistance  of  a  series  of  machines 
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of  given  weight,  each  designed  for  least  resist  tut  at  its  own 
particular  speed,  and  with  body  resistance  equivalent  to  the 
area  indicated. 

Referring  to  Fig.  22,  it  will  be  seen  that  the  total  traction 
coefficient  in  the  case  of  curve  5  at  80  miles  an  hour  is  rough lv 
15  per  cent. ,  the  gliding  angle  consequently  being  1  in  6  7: 
this  is  slightly  better  than  the  best  figures  actually  obtained 
in  the  military  trials  of  1912.  The  highest  speed  at  the  mili- 
tary trials  did  not  touch  70  miles  au  hour,  so  that  on  the 
basis  given  the  gliding  angle  should  liave  been  better  than 
stated  ；  no  allowance  was  made  for  the  drag  of  the  propeller, 
it  is  possible  the  difference  is  due  to  this  factor. 

The  question  of  body  resistance  has  for  some  time  been  a 
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matter  o(  careful  study  l>y  the  staff  of  the  Royal  Aircraft 
Factory,  and  I  midorstand  that,  in  some  of  the  later  models 
the  equivalent  normal  jilane  area  has  been  very  considerably 
reduced.  1 1  we  t:ike  ati  ； nMofoil  cocilicient  of  7  ]>*t  rent .,  aiui 
； i  curve  representing  3  s(].  ft.  equivalent  normal  plane,  we 
find  tliat  ivt  80  miles  an  hour  the  gliding  anglo,  (>r  tlie  rt'sis 
tance  coefficient,  should  be  approximately  12  per  cent.  ；  or 
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at  60  miles  per  hour  10  per  cent.  ；  I  believe  this  figure  to  be 
in  sight,  though  it  may  not  yet  have  been  actually  reached. 

As  illustratiug  the  extent  to  which  the  present-day  results 
hn  ve  been  anticipated  by  theory,  in  1907,  dealing  with  tlie 
question  of  the  power  expended  in  flight,  I  tabulated  the 
results  of  calculations  for  gliding  angles  as  for  complete 
iiKU'hines  ranging  from  12°  (approximately  1  in  5)  to  6° 
(approximately  1  in  10).  In  the  military  trials  of  1912  the 
worst  gliding  angle  recorded  was  1  in  5'3，  and  (as  pointed 
out  in  the  preceding  paragraph)  the  present-day  figure  is 
gradually  approacliing  1  in  10. 

If  we  tiv  in  the  light  of  i>r。s('i"  data  to  look  into  the 
luture  it  seems  probable  that  tlie  limitiuy  gliding  angle,  or, 
rather,  the  minimuni  total  coefficient  of  resistance  may  even 
he  materially  less  than  1  in  10  :  thus,  if  it  is  found  possible, 
it!  spite  of  structural  difficulties,  to  obtain  equal  results  in  an 
actual  machine  to  those  obtained  in  wind  channel  model  tests, 
viz.,  a  coefficient  of  resistance  for  the  aerofoil  approximately 
to  5  per  cent.,  and  if  the  body  area  equivalent,  for  a  niachine 
of  l,2001bs.  gross  weight,  can  eventually  be  reduced  to  2  sq.  it., 
a  total  coefficient  of  resistance  as  low  as  8  per  cent,  may  prove 
well  within  reach  ；  whether  the  sacrifices  necessary  in  order 
to  achieve  such  results  in  practice  would  be  justified  the  future 
alone  can  decide.    The  solution  of  any  engineering  problem 

is  always  to  some  degree  a  matter  of  com- 
promise, and  it  would  be  rash  to  §uggesb 

that  in  the  case  of  the  flying-mad  line 

there  are  not  considerations  of  sufficient 

importance  to  render  it  inadvisable  to  run 

after  the  last  1  per  cent,  reduction  in 

tractive  effort.  A  graph  is  given  repre- 
senting the  coefficient  of  resistance  on  the 

basis  of  the  present  paragraph  in  Fig.  23. 

The  aerofoil  coefficient  of  traction  is  taken 

at  5  per  cent.,  the  weight  of  the  machine 

as  before  assumed  as  l，2001bs.，  and  the 

suggested  total  of  8  per  cent,  corresponds 

to  a  flight  speed  of  nearly  80  miles  an 

hour. 

Before   we    have   finished    with    t  he 

question  of  resistance  we  need  to  know 

something  as  to  the  gradient  of  asc(_*iit,  or 

climbing   power   required.      A  machine 

that  is  oiil  v  capable  of  horizontal  flight  is 

evidently  quite  unserviceable  ；  it  is  well 
understood,  too,  that  any  machine  with  an  insufficieiit  rate  of 
ascent  is  intrinsically  dangerous  ；  not  only  does  it  remain  loo 
long  at  low  altitude  where  any  "  fluke  "  in  the  wind  is  liable 
to  bring  about  disaster,  but  in  had  weather  when  buffeted 
about  by  the  wind  a  pilot  may  find  himself  incapable  of  mak- 
ing altitude  altogether  if  his  initial  margin  of  power  is  insuffi- 
cient. 

Tlie  rate  of  ascent  for  which  provision  lias  to  be  made 
depends  very  inudi  uj^on  tlie  service  for  which  the  machine 
is  required,  for  the  ordinary  needs  of  the  aeronaut  w， 


wishes  to  make  cross-country  flights  under  fair-weather  con- 
ditions, a  margin  of  power  representing  an  upgrade  of  5  per 
cent,  or  6  per  cent,  appears  to  be  ample  ；  there  is  prol>al)]y 
no  real  advantage  in  any  greater  provision.  For  military  or 
naval  service,  on  the  other  hand,  there  are  without  doubt 
(KCiisions  when,  everything  may  depend  upon  the  rapidity 
at  which  the  machine  can  make  altitude.  I  feel  that  I  can- 
not do  better  tlian  quote  from  the  specifications  given  by  the 
Superintendent  of  the  Royal  Aircraft  Factory  for  two  types  of 
machine,  viz.,  R.E.  1  reconnaissance  aeroplane,  and  F.E.  3 
ii -carrying  aeroplane.*  For  the  first  of  these  the  rate  of 
climbing  demanded  is  600ft.  per  minute,  or,  taking  the  normal 
ilight-speed  at  70  miles  per  hour  (the  specification  gives  maxi- 
mum 78  miles  per  hour,  and  minimum  48),  we  have  a  clim}> 
iug  gradient  of  approximately  10  per  cent.  For  the  gun- 
carrying  niachine  the  speed  is  given  as  75  miles  per  hour,  and 
the  rate  of  climbing  350  feet  per  minute,  which,  expressed 
as  climbing  gradient,  is  a  trifle  less  than  5^-  per  cent.  Mani- 
festly a  machine  carrying  a  gun  of  some  kind  (presumably  a 
niachine  gun),  and  we  may  assume  an  adequate  supply  of 
ammunition,  and  perhaps  a  few  square  feet  of  bullet-proof 
armour  plate,  needs  to  sacrifice  something  in  the  matter  of 
climbing  power. 

There  is  good  reason  to  suppose  that  if  a  demand  for 
higher  speeds  than  those  at  present  attained  is  in  the  future 
to  be  satisfied,  success  will  depend  to  some  extent  upon  our 
ability  to  build  larger  and  heavier  machines.  By  reference 
to  Figs.  22  and  23  it  will  be  seen  how  soon  with  increased 
figlit^speeds.  the  question  of  body  resistance  becomes  a  dispro- 
portionate factor;  it  is  manifestly  impossible  in  a  machine 
of  given  size  to  reduce  the  equivalent  normal  plane  area 
beyond  a  certain  point,  but  it  is  evident  that  by  increasing 
the  weight  and  power  of  the  machine  the  effect  of  such  l、o(ly 
resistances  may  be  rendered  less  important  since  an  increase 
ia  weight  and  power  does  not  require  a  proportionately  serious 
increase  in  the  size  of  the  members  to  which  tlie 
body  resistance  is  due.  Also  since  the  square  of  the  product 
of  I  and  V  varies  directly  as  tlie  weight  (wliere  /  represents 
the  linear  size  of  the  aerofoil)  tlie  value  of  ^  is  also  a  function 
of  the  weight  and  diminishes  slightly  as  the  weight  is 
increased. 十 

(6)  Propnlsio/i . 一 We  are  now  in  a  position  to  consider  the 
(jiu'stion  of  pro]>ulsion .  Wlietlier  we  appeal  to  experience  or 
theory  it  would  appear  that  there  is  only  one  method  of  pro 


lio 


KlG.  -21. 

jmlsion  available,  viz. ，  1  lie  yctcw  piopel ler.^  The  ])ioblcni  of 
]»ropulsion,  whether  aeronautical  or  submarine,  is  essentially 
the  same;  the  laws  of  dynamic  similarity  witli  reitain  reserva- 
tions are  strictly  applicable.  Roughly  speaking,  tlie  conditions 
of  usage  of  propellers  in  water  and  air  may  be  compared  by 
merely  taking  cognisance  of  the  relative  densities  of  tlie  two 

*  Advisory  Committee  for  Aeronautics,  Report  1912-1913,  p.  267. 
t  Compare  Appendix  F. 

X  Nature  s  method  of  propulsion-  wiiifr  ttappinp  -besides  Iiciiifr  very 
ol).ji  rtional)lt?  from  a  nicrlianical  poin t  of  view,  shows  certainly  no  liiprlirr 
(ictrrcc  of  mechaiiinal  t-ffirioncv  than  the  sow w  p r{>pclU'r  ("  Kiij;incri  iM^," 
I  rln  uary  26th,  1909).  . 
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iiKHlia  a])])roxi?na(c] v  S( M )  to  I.  The  laws  of  (lyiiamic  siini 
larity  indicate  that  this  relation  is  not  cx;n-t ,  hut  ； mv  rclino 
nirnt  of  tlieory  on  1  liis  score  is  jwadcmic  rat  licr  t  lian 
practical  iihportancc.  Ap;irt  From  fine  points  of  (his  l< i n < i 
I  here  is  n  limil;"i()ii  t  Iwit  rciHicrs  tlir  air  |"'<)|)ellt'r  ;uid  t  lie 
marine  propellei'  not  strictly  coinpariihlc  ；  1  liis  liinil  at  ion  is 
duv  to  t'lie  appeanuire  of  the  plienonuMion  known  to  (lie  ini val 
on^ineer  as  cavitation.    Tito  law  of  1  lie  relation  of  pressure  to 
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Mil. 


Kick  r>. 

vclocii  v  lur  least  resist';' m't'  ； i  pplios  to  i  Ik*  1)1  ado  of  (hi'  screw 
|)ru|)(、ll("'  jtreciscl v  as  it  (Iocs  t o  the  aerofoil  itst'lt',  so  t t  if 
； i  i)r()i)elk、r  is  heing  designed  lor  least  resistance  the  pressure 
per  square  foot  at  any  point  of  the  blade  must  bear  its  roi 卜 
st;uit  relation  to  the  square  of  the  velocity  of  the  Wade 
through  the  fluid  at  that  point.  In  the  case  of  tlie  nia ritu* 
propeller  this  results  in  a  speed  being  reached  (at  about  20  or 
25  knots  speed  of  vessel)  at  which  the  velocity  of  the  l)ia(le 
tips  is  sucli  that  the  negative  pressure  (on  the  back  of  the 
blade),  based  on  the  law  of  least  resistance,  is  greater  than 
tlie  liyd rostal ic  (absolute)  pressure.  Under  these  conditions  a 
va'uum  is  form  eel  in  the  vicinity  of  t  he  blade  extremit  v,  ait<l 
the  system  of  flow  is  impaired  ；  this  is  the  condilion  of  itici- 
pictit  cavitation,  and  as  the  y]>eed  is  progressively  im'rr:is('(l 
tlie  vacuum  invades  more  and  more  of  the  blade  are;i  until 
the  greater  part  of  the  propeller  becomes  ineffective.  From 
the  critical  speed  upward  the  design  of  the  marine  propeller 
becomes  a  compromise.  The  extremity  of  the  blade  is  first 
designed  broader  to  avoid  developing  pressures  sullu-ient  to 
initiate  cavitation ,  and  then,  owing  to  the  additional  skin 
friction  thereby  involved,  it  is  found  desirable  to  adopt  higher 
pitch /diameter  ratio  to  prevent  the  extremities  cutting  the 
water  with  excessive  velocity.  Eventually  the  propeller  for 
high-speed  craft  becomes  one  of  extremely  coarse  pitch  with 
blades  of  short  or  saucer-like  form.  No  such  tiling  as  cavita- 
tion is  experienced  in  the  aeronautical  prnpHler  :  if  we  should 
require  to  deal  with  propeller  blade  speeds  approaohiny  tlie 
velocity  of  sound  we  might  Rntl  soniething  analogous,  due  to 
tlie  high  rarefaction  of  air,  but  at  present  the  aeronautical 
designer  can  ail'ord  to  ignore  all  (|uestion  (it*  c;i  vital  ion. 

11  is  t'rtMjuciitly  stated  that  the  theory  of  i\\v  screw  pro- 
peller is  entirely  empiriral  and  quite  unsatisfactorv  :  1  liis  is 
not  my  opinion.  The  theory  of  the  screw  propeller  based  on 
the  theory  of  the  aerofoil  as  laid  down  in  my  "  Aerotlvna- 
niics," -  appeal's  to  Cully  meet  the  requirements  of  the  aero- 
ua ulical  designer.  Accofdin^  to  1  his  t li(、（>rv  t lie  propeller 
blade  is  treated  as  an  aeroioil,  its  P / \* -  ratio  at  everv  point 
of  the  blade  is  fixed  by  the  same  law  as  (hat  of  the  aerofoil 
as  given  :  following  this  the  gliding  angle  of  the  propeller 
blade  is  constant  from  root  to  tip.  The  section  of  the  blade 
is  at.  every  point  designed  as  an  aerofoil  in  which  the  true 
helical  surface  corresponus  to  the  horizontal  plane  in  flight. 十 

'J  "  Aerial  Fliprht.''  vol.  i.  ch.  ix. 

1'  Tlu*re  is  one  factor  wliit-li  uH'rcts  Hit'  analogy  lit't 、、■"('"  t \\v  iUTofoil 
,，，i(l  the  propolk'r  liladr ：  the  latter  is  not  ;il>lc  tu         sauu*  oxtrnt  to  liold 
or  accumulate  a  dead-water  wake,  tlu-  propeller  blado  slicds  its 
watt'r  continuously  hy  rrnt vifupral  fnrrv.   The  ext"iit  to  wliirli  this  atlt-rts 
the  p robl'un  has  yet  to  be  detormiued. 


r  th^sc  riicunistfiiH-cs  it  is  shown  in  my  work  tluit.  tsu  li 
( he  |H(>|K'!lrT  blade  has  ''Hi<"*my  |,ro|"*r  to  "  'h. 
； ui(l  is  represented  by  a  curve  ； is  plotted  in  Fig.  2\ ,  wlnfli 
corresponds  ">  a  glidii'"'  angle  ol"  i\\  or  approxinatclv  10  )"'r 
<('iit.  Under  theso  condit ions  it  will  be  seen  that  in  tlie 
region  of  "Kiximum  odicioncv  is  jnsl.  over  81  per  cent.  Un 
fortunately,  we  cannot  use  only  tlie  region  of  iiiaximuin 
efficiency;  we  have  to  employ  (he  blade  of  consitlerahle  h"'gfli， 
and  roMS(M|U(Mil  !v  parts  of  the  blade  have  ； 
efficiency  below  the  maximum.  If  we  tak^ 
； i  |)ro])eller  ol  tlie  usual  jjroport  ioii>  in  whi<-Ii 
t lie  pitch  is  about  I  [  limes  the  diameter, 
t  hat  is,  such  a  l)l;"le  a«  represented  in 
Fig.  24,  we  see  that  the  marine  engineer 
declines  lo  employ  any  portion  o\'  i  lie  bhidr 
wit  h  an  efficiency  of  less  tlian  about  92  per 
cent,  of  the  maximum,  that  is  to  sav,  the 
efficiency  of  different  points  of  the 
varies  from  77*5  to  81  per  cent.,  or  theoreti- 
cally the  limit  of  efficiency  of  such  a  pro- 
peller should  be  round  about  77  per  cent. 
Unfortunately  a  propeller  "  in  being"  cannot 
consist  of  blades  alone,  it  requires  a  boss  and 
a  connection  between  the  boss  and  the  blades, 
； u'(l  in  driving  these  functionally  useless 
parts  through  the  water  a  considerable 
further  loss  is  inevitable.  Probably  it  is  for 
t  liis  reason  that  the  actual  efficiency  oi  ； i 
marine  propeller  rarelv  exceeds  70  per  cent 
my  work  a  design  is  given  of  an  ； uMial 
propeller  based  on  theory  alone,  in  "liirli 
； i  very  conservative  estimate  is  taken  of 
iglo.  I  (  in  tlie  light,  of  present  knowledge  we 
propeller  blades  being  of  tlie  aspect  ratio  corre- 
sponding to  tliat  of  my  1894  gliding  model,  tlie  ^liclin^  ； 
or  resistance  coefficient  will  be  about  5  or  6  per  cent.,  and  we 
inight  anticipate  a  theoretical  limit  to  the  propeller  efficiencv 
of  88  or  90  per  cent.  We  have  here,  as  in  the  marine  pro- 
peller, to  provide  a  boss  and  arms,  and  we  require  to  take 
into  account  tlie  fact  that  it  never  pays  in  practice  to  take 
the  full  diameter  of  the  propeller  tluit  tlieorv  would  indicate 
(it  is  better  to  sacrifice  a  few  per  cent,  efficiency  to  save 
weight  and  clearance  diameter).    Everytliing  considered  I  am 
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i  t'>  put  a  limit  of  etlicienev  of  an 
it  about  85  per  cent.  :  tliis  is  high 
mssible  in  ir.arine  engineering. j 
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+  There  should  hv  notliinpr  to  prevent  the  luariiit-  i，ro，、H，t'r  ,at  -，》，■''< 卜 
Ik'Iow  tli'、  ca vitation  point)  pivinp  as  liirli  an  effirirncy  as  ilu*  arro- 
liantioa]  pr<j|u>llrr  、、,'ri'  it  ！ lot  for  thv  limit  imposo<l  hy  tlie  >ti nipth  nf 
matt'iials.  To  obtain  the  liiplnv-t  cfficiciiry  rvrn  in  an  air  pr«»p»*l lt-i-  it 
may  »t«»  fotmd  nert'ssiiry  to  ahandoii  the  、"">tk''i  blade  uiul  Miltstitut«'  a 
solid  nirkcl  steel  l'la("'  of  s("m'、vliat  t  lie  srci  ional  form  pivrn  in  Kip.  16  ； 
this,  in  the  case  of  an  8- foot  propelltM',  would  mean  a  blade  4ft.  loi'p. 
the  outr r  3ft.  of  which  would  ht'  the  effcrtivc  blade,  tlu*  niiiximuiii  width 
in  the  widest  part  being  no  more  than  3in.  or  4in.  If  any  attempt  、"- r，' 
made  to  design  such  a  propeller  for  marine  work,  there  is  no  material 
known  at  the  present  time  that  would  stand  the  stress  involved  ；  tl"' 
pressure-reaction,  sp<  cd  for  speed,  would  hv  about  800  tinu  s  (ji.rm('r  in 
water  tlian  air.  and  tlir  us  port  ratio  of  tlie  h\adv  that  can  lu'  utilised  for 
mariiu'  work  is  strirtly  limiU-d  )>y  tliis  fart  ：  even  the  softosi  of  t  im)>rr 

iiK'di 


i'lut ivrly  fa 
na tit  iral  i>i  (»prll 


ronprer  as  a  mccliiun  for  tht'  roiif*trtictioii  of  :i，i  at»ro- 
any  known  material,  rvrn  t，""i"'r，'d  tool  strrl. 
would  i"'  lor  miirmc  work.  In  tlu*  (k'sigii  of  an  a»'i'(»，"iut"':»l  ，"-'，i"、ll,、r 
udvantaffc  may  hv  taken  of  tli，'  fart  that  ； i  wry  sliplit  iovw  ； ml  、1<屮*' 
tlu-  blades  r，'lit、v，'s  tho  I 山 ides  of  all  lu-ndin?  •itrt'ssrs.  th*'  r«->ultuiit  of  the 
rentrifiipal  fore"  and  pressure  reaction  is  in  tho  Hue  of  tho  blade,  and 
tlu*  latter  is  cousoqueutly  stressed  iu  pure  iciisi  ui. 


518 


THE    MECHANICAL  ENGINEER. 


[May  29，  1914 


My  method  of  propeller  design  has  been  adopted  and 
employed  for  some  years  by  the  Superintendent  and  staff  of 
the  Royal  Aircraft  Factory  with  very  satisfactory  results  ；  at 
present  there  is  but  little  available  information  on  the  ques- 
tion of  efficiency,  owing  to  the  fact  that  the  arrangements  at 
the  disposal  of  the  Royal  Aircraft  Factory  do  not  permit 
of  the  testing  of  full-sized  propellers. 

Working  drawings  of  a  propeller,  designed  at  the  Royal 
Aircraft  Factory  by  this  method,  are  given  in  Figs.  25  and 
26.  For  the  full  exposition  of  the  system  of  "  lay  out/7  refe- 
rence should  be  made  to  the  work  already  referred  to. 

As  an  alternative  and  purely  empirical  basis  of  treatment, 
we  may  fall  back  on  our  experience  in  marine  propulsion. 
There  is  a  practical  rule  which  appears  to  be  commonly 
adhered  to  in  the  design  of  successful  marine  propeller  for 
moderate  speed  sea-going  craft.  The  area  of  the  propeller 
disc  is  approximately  1  per  cent,  of  the  total  wetted  surface. 
This  rule  has  been  found  by  me  to  represent  a  rough  average 
of  the  practice  in  various  cases,*  but  whether  it  is  an  accepted 
rule  or  not  I  do  not  know.  Let  us  take  the  case  of  a  flying- 
machine  involving,  say,  a  thrust  of  2001bs.  at  80ft.  per  second  ； 
at  this  speed  the  frictional  air  resistance  will  be  approximately 
0*0351b.  per  square  foot  of  surface  (0'071b.  per  square  foot  of 
lamina,  i.e"  double  surface)  ；  thus  the  resistance  of  the 
machine  is  approximately  represented  by  6,000  sq.  ft. 
" wetted  "  surface,  and,  following  the  rule  given  in  the  case 
of  water,  the  propeller  disc  should  be  60  sq.  ft.j  this  corre- 
sponds to  a  propeller  diameter  of  about  9ft.  In  an  actual 
machine  of  about  this  size  the  propeller  is  commonly  of  about 
7ft.  to  8ft.  diam.，  which,  taking  everything  into  account,  is 
in  substantial  agreement.  The  propeller  employed  in  flight 
is  of  necessity  (from  considerations  of  the  engine  revolution 
speed)  of  finer  pitch  than  that  of  best  efficiency.  Under  these 
conditions  theory  shows  that  the  correct  diameter  is  less  than 
that  of  the  propeller  of  best  diameter  pitch  ratio,  such  as 
employed  by  the  naval  architect. 

There  are  (in  the  present  state  of  the  art)  two  prominent 
reasons  for  the  adoption  of  a  propeller  for  aeronautical 
machines  of  finer  pitch  than  that  of  greatest  efficiency  ；  firstly, 
there  is  the  question  of  suiting  the  pitch  of  the  propeller  to 
the  running  speed  of  the  engine.  For  the  power  necessary 
in  a  modern  aeroplane  (from  50  h.p.  to  100  h.p.)  a  stroke  of 
about  5 in.  is  found  to  design  well  in  proportioning  the  engine  ； 
now  it  is  uneconomical  both  from  the  point  of  view  of  weight 
saving  and  of  petrol  consumption  to  employ  too  low  a  piston 
speed  ；  in  fact,  for  any  given  dimensions  of  cylinder  the  power 
developed  is  within  limits  roughly  proportional  to  the  piston 
speed.  Taking  a  piston  speed  of  1,000ft.  per  minute  and  5in. 
stroke,  we  require  1,200  revs,  per  minute  =  20  revs,  per  second. 
Assuming  a  velocity  of  flight  of  about  80ft.  per  second  the 
effective  pitch  of  the  screw  requires  to  be  4ft. ，  or  approxi- 
mately equal  to  half  the  diameter  of  the  screw,  instead  of  at 
least  equal  to  the  diameter,  as  in  a  good  marine  propeller. 

It  is,  of  course,  not  difficult  to  gear  down  from  the  engine 
to  the  propeller,  in  fact,  this  has  been  frequently  done,  but, 
since  gearing  involves  a  tax  of  approximately  5  per  cent,  of 
the  horse-power,  it  is  evidently  better  to  drive  direct  and 
sacrifice  something  in  the  efficiency  of  the  propeller,  more 
especially  as  this  course  involves  a  far  lower  torque  on  the 
propeller  shaft,  and  consequently  a  lower  recoil  torque  on 
the  framework  of  the  machine. 

(To  be  continued.) 

*  The  average  of  a  number  of  war-vessels,  capable  of  about  18  to 
20  knots  speed,  gave  the  figure  1-3  per  cent.  Two  typical  low-speed 
merchantmen  (from  particulars  supplied  by  the  builder)  gave  exactly 
1  per  cent. 


Incorporated  Municipal  Electrical  Association. ― The  19th  annual 
convention  of  this  association  will  be  held  at  Birmingham 
from  June  15th  to  20th,  when  the  following  papers  will  be 
read  and  discussed  :  "The  Commercial  Development  of  Elec- 
trical Supply  in  Towns  of  Moderate  Size,"  by  Mr.  W.  A. 
Vignoles  ；  "The  Design  and  Operation  of  Modern  Boiler- 
house  Plant,"  by  Mr.  S.  E.  Fedden  ；  and  "The  Standardisa- 
tion of  Tariffs,"  by  Mr.  J.  H.  Bowden.  The  annual  dinner 
will  take  place  at  the  Grand  Hotel,  Birmingham,  on  Tuesday, 
June  16th，  at  7  p.m.  ；  and  the  annual  general  meeting  at  the 
Midland  Institute,  at  10  a.m.  on  Friday,  June  19th. 


INDUSTRIAL  AND  TRADE  NOTES. 

Contracts  for  New  Battle-ships.-- The  Admiralty  have  placed  the 
provisional  contracts  for  two  of  the  four  battle-ships  of  the  1914-15 
programme,  the  order  for  one  going  to  the  Fairfield  Company^  of 
Govan,  and  the  order  for  the  other  to  Palmers  Company,  of 
J  arrow. 

New  Seaplanes  for  the  Admiralty. ― The  British  Admiralty  have 
ordered  from  Messrs.  John  Samuel  White  &  Co.，  of  Cowes-  seven 
more  seaplanes.  They  will  be  larger  than  the  two  machines  this 
firm  have  recently  built  and  delivered  to  the  Calshot  Naval  Air 
Station,  and  will  contain  some  new  features,  the  result  of  experi- 
ence gained  in  flying  this  type  of  machine.  They  will  have  200  li.p. 
radial  cylinder  engines  of  French  make,  similar  to  the  other 
White  seaplanes. 

Submarine  Building  on  the  Clyde. ― Messrs.  William  Beardmore 
and  Co"  Dalmuir,  are  erecting  a  double  slied  for  the  construction 
of  submarines.  This  shed  will  provide  two  parallel  berths,  on  each 
of  which  a  submarine  can  be  built.  By  having  the  vessels  built  in 
these  sheds  the  maximum  of  privacy  will  be  obtained,  while  the 
submarines  will  be  launched  into  the  Clyde  down  the  gradient 
which  previojusly  formed  the  slipway  on  which  the  Clyde  Trust 
dredgers  and  barges  were  hauled  up  for  repairs.  The  firm's  fitting- 
out  basin,  which  is  near  at  hand,  is  large  enough  and  deep  enough 
for  carrying  out  extensive  experiinents  with  new  submarines. 

Free  Importation  of  Certain  Machine  Tools  into  Australia. ― The  Board  of 
Trade  have  received,  from  H.M.  Trade  Commissioner  in  Australia, 
copy  of  Customs  By-laws  (Nos.  290-1)  dated  March  5th  &  18th  last, 
respectively,  which  provide  for  the  free  importation  of  the  follow- 
ing machine  tools,  under  Customs  heading  No.  166，  into  the 
Commonwealth  of  Australia,  with  effect  from  the  under-mentioned 
dates :  Machine  tools  and  parts  (but  not  the  motive  power,  engine 
combination  or  power  connections,  if  any,  when  not  integral  parts 
of  the  exempt  machine) :  For  metal  working ― bench  filing  ma- 
chine, from  December  14th,  1913  ；  for  hammers ― electrical  hand 
riveting  machine,  electrical  hand  chipping  machine,  February 
16th,  1914. 

Oil  Fuel  for  the  Navy. ― A  contract  is，  we  learn ,  being  arranged 
between  His  Majesty's  Government  and  the  Anglo-Persian  Oil 
Company  for  a  supply  of  a  large  quantity  of  fuel  oil  for  delivery 
over  a  term  of  years.  An  agreement  has  been  concluded  whereby 
the  Government  is  to  subscribe  for  two  millions  ordinary  shares  and 
£200,000  debentures  as  soon  as  the  necessary  Parliamentary 
sanction  has  been  obtained.  This  additional  capital  is  required  for 
considerable  extensions  of  the  company's  existing  pipe  lines, 
refineries,  tankers,  &c,  which  will  be  necessary  to  enable  the  com- 
pany to  carry  out  this  large  contract.  A  meeting  of  the  share- 
holders  has  been  called  for  the  29th  inst.  for  the  purpose  of 
authorising  the  increase  of  capital  and  for  making  certain  altera- 
tions in  the  articles  of  association. 

Royal  Commission  on  Railways. ―  At  a  meeting  of  this  Commission 
lie  Id  in  London,  on  the  22  nd  inst.  Mr.  H.  F.  West,  for  many  years 
employed  on  the  London  and  North-western  Railway,  advocated 
nationalisation  of  the  whole  railway  system  on  the  grdund  of  the 
wastage  and  duplication  which  the  present  system  involved.  There 
were,  he  said,  too  many  boards  of  directors,  general  managers,  and 
higher  officials.  One  result  of  nationalisation  would  be  a  saving  of 
two-thirds  of  the  present  office  staff.  The  capital  of  the  com- 
panies con  Id  be  exchanged  for  Consols,  and  the  results  arising  from 
the  displacement  of  the  office  staff  could  be  mitigated  by  their 
absorption  into  other  branches  of  the  service.  He  believed  that 
nationalisation  would  mean  an  increased  revenue  all  round,  even 
if  the  present  charges  were  reduced.  There  would  be  no  need  to 
dispense  with  the  present  premises,  but  these  could  be  made  more 
economical  use  of.   All  short  lines  should  be  electrified. 

The  Co-partnership  Association.  ― The  annual  meeting  of  this 
Association  was  held  in  London  on  the  21st  inst.,  Mr.  H.  G. 
Chancellor,  M.P.,  presiding.  The  object  of  the  association,  as  set 
out  in  the  28th  annual  report,  was  to  bring  about  an  organisation 
of  industry  based  on  the  principle  of  labour  co-partnership,  so  that 
all  who  were  engaged  should  share  in  the  profits,  capital  control 
and  responsibility.  With  that  view  it  sought  in  the  co-operative 
movement  to  aid  by  its  propaganda  and  advice  all  forms  of  pro- 
duction based  on  those  principles,  and  to  induce  employers  and 
employed  to  adopt  schemes  of  profit-sharing  and  investment 
tending  in  the  same  direction.  The  chairman,  after  tracing  the 
existence  of  the  idea  40  years  back,  said  that  it  was  laid  down  that 
labour  had  first  claims  upon  industry,  and  should  be  paid  a  full 
and  just  wage ― whether  a  trade  union  existed  or  not ― while  at  the 
same  time  being  careful  that  the  interests  of  capital  should  be 
safeguarded,  and  that,  after  all  wages  were  paid,  capital  should 
receive  fair  remuneration.  The  result  was  that  many  firms  had 
agreed  to  the  idea,  and  had  gone  so  far  as  to  allot  the  profits  as 
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sliaivs  in  tin*  l»iisi  iicsn,  and  tna  tiv  ti  in  is  tlirnii^lioiit.  I  lie  con  n  i  rv 
、v(、r,、  now  to  t  lit'  lact  tli;i t  the  principlo  was  one  "»  Ik«  i'ollow  t-d . 

Several  ^tMitlonuMi  gav*'  addrosscs  illustrating  tin*  manner  i n  u  liicli 
tlu\v  liad  co  (>i >(".:"'•< I  w  i tli  t  1km r  " urkprnplt''  with  unit  nally 
licial  resii  Its. 

Proposed  Eight  Hours  Day  in  Shipyards.  Tli''  aiimial  coiifcrcnrr  ol 
( lu>  l'，t'(l(、ratimi  of  Kngi'iwiiig  :ni(l  Sliipliiiildiii^  Trades  was 
recently  held  ；"  Nottin^liam ,  、vli('u  the  ((iicstioii  "I  an 
(»i^ht  hours  day  w  its  discussed .  Tli(»  officials  had  been  i  it  nc^ot  i;i 
tiou  w  itli  ilic  rngi  M,'(、riiig  oinploycrs'  r''(l,'ra t tor  m  Iniig  time, 
:\i)d  a  crtinmittiH*  rcprt'si'iitiii^;  Itotli  t he  cinplnvri's  and  tlu»  work- 
men luid  Ikvu  appointed.  This  IkkI.v  had,  lt(>、、  （、v('r,  only  met  once, 
w  hen  tht1  whole  () iicstion  of  a  considcra i  cdnct  ion  in  the  hours 
of  ciiiploynifiit  u  ;is  discussed.  Anticipating  ； i  (1  i  in  i  n  ished  output 
as  the  rt»sult  of  a  reduction ,  t\\o  employers  asked  I'm'  ctM-I  ； i  i  n 
giiaraiittn、s,  and  the  contert'iict'  dealt  with  the  (pi(、stimi  at  run 
si 山"; Icn<j;tl).  In  the  end  they  decided  ilia t  it  would  lie 
impossible  to  give  any  ^nai'a n tci-s  ； is  to  the  maintonanct^  of  output, 
but  arrived  at  the  conclusioti  tlu»t  with  1>('H(m'  tiinckccpiti^;  a nd  :i 
ii iunl>er  of  ； ulniinistrativo  cconoinies  no  (liminntion  of  tli(、  output 
would  he  likoly  to  foll(>、、  tin1  cstahlisliiiKMit  of  an  right  hours  day. 
For  furtlitM-  consideration  of  the  matter  a  meeting  of  the  two  sub- 
committees was  arranged  to  he  held  in  London ,  when  it  is  liopcd 
the  dift'iM-fMiccs  hotu (mmi  the  (Miiployers  and  the  men  will  Ik' 
smoothed  ； i\\  ay,  so  as  to  bring  a  practical  solution  within  view. 

Queensland  Mining  Industry. ~ We  have  received  an  advance  copy  of 
the  anniml  ivport  of  the  Under-Secretary  for  M inos  (Mr.  A.  R. 
Alacdoiiakl)  on  the  Queensland  mining  industry,  for  the  year  1913. 
This  statos  that  the  value  of  last  year's  minora  1  output  was 
1：3,8:)7，88 丄， a  decrease,  Avhen  co】npare(l  with  that  of  the  preceding 
year,  of  £317，474.  The  increase  in  the  production  of  the  indus- 
trial metals  hardly  fulfils  the  anticipations  formed  with  regard  to 
it，  although  disappointment  in  this  respect  may  fair.ly  I**1  attri- 
buted to  causes  incidental  to,  rather  than  iiiluuviit  in,  the 
industry.  Thus,  fires  and  industrial  disputes  have  interrupted 
the  regularity  of  copper  smelting;  at  Cloncurry,  a  nd  delay  in  tlio 
delivery  of  machinery,  together  with  paucity  of  skilled  labour, 
have  pojtjioned  the  promised  increase  from  Mount  Morgan.  Tin, 
wolfram,  and  molybdenite  have  fairly  maintained  their  positions, 
but  it  is  in  coal  alone  that  any  pronounced  and  satisfactory 
advance  is  apparent,  the  years's  output  of  more  tlian  1 ,0(.K),(HJ()  tons 
being  100,000  in  excess  of  that  of  the  preceding  year.  The  hope 
of  any  substantial  increase  during  the  current  year  has,  to  some 
extent,  been  dimmed  by  the  recent  closure  of  the  works  at  Chilla- 
goe3  and  the  contemplated  relaxation  of  activity  at  the  Great 
Fitzroy  mine. 

The  Manchester  Steam  Users'  Association. ― The  annual  report  of  this 
Association,  presented  at  the  annual  meeting  held  on  Tuesday 
last,  states  that  at  the  close  of  1913  the  number  of  boilers 
under  inspection,  a  nd  the  revenue  for  the  year,  constituted 
a  record  in  the  Association's  history.  As  many  as  93942  "  in- 
tt'rnal,"  "  Hue,"  and  "  entire  ，'  examinations  of  boilers  、vt、n>  mado, 
tl"、  highest  number  ever  attained.  No  boiler  under  the  Associa- 
tion's vi\ro  hurst  during  the  year,  and  it  is  pleasing  to  record  that 
at  the  eiul  of  59  years  no  life  has  ever  been  lost  from  the  explosion 
of  any  l)oiler  which  the  Association  has  inspected  and  guaranteed 
as  safe.  In  some  of  the  boilers  examined  for  *、m."lmt'nt，  defects 
were  met  with  which,  if  not  detected,  would  probably  have  led  to 
serious  consequences,  thus  showing  clearly  the  ^ieat  importance  of 
competent  independent  inspection.  A  summaiy  of  the  failures  of 
steam  pipes  on  board  steamers  due  to  vibrations  was  laid  before  the 
Institute  of  Naval  Architects  by  Mr.  C.  E.  Sti-omcyer,  chief  engi- 
neer, and  will  be  extended  to  steam  pipes  on  land  in  the  next 
puhlislunl  monioranduni.  A  series  of  tests  on  a  torsion  fatigue 
tt'stiiig  machine  has  now  been  conipleted,  and  a  new  macliine  on 
w  liich  fatigue  tests  can  be  coiuluctod,  both  as  regards  torsion, 
hendin**;,  and  push  and  pull  stresses,  has  hvvn  fitted  up  on  tlio 
Association's  pi'eniisps,  and  will  shortly  be  availa}>Io  for  tho 
carrying  out  of  such  tests. 

Trade  Circulars  and  Catalogues. 一一 We  have  received  from  Messrs. 
iVl ather  Piatt,  Ltd.,  Maiichestoi*,  a  hooklct  (l,>、（'ril>ing  and 
illustratin«j;  various  tvpes  of  tiltors  maniifactunMl  hy  tlicm  for 
industrial  purposes.  A  good  deal  of  attention  has  of  la  to  y»*ais 
l)oon  paid  to  the  subject  of  water  purification,  and  u  lie  re  it  is 
usinl  ill  considerahK1  (luantitifs,  as  it  is  in  many  indust  cirs,  tlic 
adoption  of  automatic  and  nuH-hanical  filtration  ot tfii  porniits  ol' 
very  substantial  economies  heing  effected.  【n  the  construction 
of  apparatus  of  this  kind  the  ftrm  have  had  a  wide  experionco. 
and  we  coinmend  tho  pamplilet  to  the  attention  of  all  、、  h"  arc  m 
tho  market  for  plant  of  this  kind. ― Messrs.  David  Hiid^c  乂'  Co., 
Ltd.,  Castleton,  near  Manchester,  send  us  a  copy  of  a  new  illus- 
trated catalogue  they  have  just  issued  of  Cummins'  pa  tout  hori- 
zontal hydraulic  haling  press  for  pressing  and  Imling  cotton,  jute, 
w  ool,  or  any  other  kind  of  tihrous  material.  Th*'  s|K'<-ial  points 
of  the  press  are  t、xtiviiit、  rapidity,  hi^h  (h'lisity,  end  pivs"iisj;,  and 
horizontal  action.    The  press  is  capal'lc  of  haiullin^  halos  woigh- 


l'lg  from  .'tODlh.s.  up  to  (iOOlljs.  "r  ntort-  \\  r''<|iiir,'(l.  All  jiai  t>  ol 
tli(、  press  i n ^  abov'  ^loiind  mihI  on  om'  level  only.  ivii'I''i、 
c\;iiMinatioM  an 'I  nwini])iiI;itioii  <as\  in  coinpai  isou  u  illi  otln-i- 
presses,  whi<-h  arc  ot't<Mi  on  two  or  thr^-  l»-vc|.s,  in  pits  ""'I 
cliaunols,  tliat  r,"i(lrr  tlirm  difficult  of  across  and  iiiiln*altliy  to 
work.  Another'  1,'atur,'  claimed  tor  the  pri-ss  is  that  it  is  1,'、、 
than  lialt  tlic  weight  of  most  In(li;m  presses,  and  r (川、 "|,i"i,tlv 
"ffVcts  a  rmisi("'ral 山' saving  in  up  coinitiy  hviglit  tVom  U",  \na  l 
arrival. ― Messrs.  ,\  Kay*;  A:  Sou>,  Ltd.,  nt  l"'"ls，  sciul  i 卜 ；' ii 
illustrated  catalogu''  ol"  tlicir  oil  cams,  hunps.  ;uul  lnliiicatiiiK 
specialities. 

Trade  of  the  United  Kingdom.     Tii,'  ot  tli,'  I  K  ni^'lom 

with  t\w  Dominions  and  cliict'  torci^n  countries  is  d«-att  with  in 
White,  Papers  icccntly  pultlisln-'l .  Taking  tin*  l;ist  、'  ： ,「、  toi-  w  hu-li 
figures  are  available ― 1913  tor  imports,  and  1912  tor  .-xpor  ts ― the 
figures  for  impt'rial  ti  ;ulii  ； i re  ： ― 

lmpm  t.、.  Kxpoi  ts. 

 £30,488,000    i;28,70(i,fX)O 

 £38，(Xi/5，00()    £：38,；189,000 

New  Zealand    細， 338,000    €12,:ifil,(KKJ 

South  Africa    £12,301,000    ti'-J.M  10.000 

Tli，、  imports  from  South  Africa  ； in'  exclusive  of  diamonds.  v;,lii"l 
at  £11,980,083.  Our  trade  with  the  leading  foreign  com n tries 
was : — 

Imports.  Kx  ports. 

United  States    £141,652,000    i^i.H02,(XJ0 

Germany    £80,411,000    £41,4'— '!,,。()(） 

France    £46,353,000    £41，93(i，( '( if ) 

Argentina    £42,485， 醫   £23,728,000 

Russia    £40,271,000    £lo?()26,000 

Altogether,  our  imports  from  these  five  countries,  and  Austria- 
Hungary,  Italy.  Spain,  (Miinji  and  Japan,  totalled  €.'i*J0.4.">l>,(KJ(). 
Our  exports  to  these  countries  totalled  £243?91*),(M)(j  ot  u  liir-h 
£150,900,000  was  subject  to  duty. 

Launch  of  a  Large  Geared  Turbine  Steamer.  —  TIht" 、、； 卜  ],'uiim-1h'<1 
from  the  yard  of  Scotts'  Slii])l)uildin<j;  and  Kn^iiiccrin^  C'oiii|)an>  . 
Greenock,  on  Saturday  last,  the  twin-screw  steamer  "  Tran 
sylvania/'  huilt  to  the  order  of  the  Canard  Steamship 
Company  for  their  service  between  Fiume  and  Now  York, 
but  which  has  since  been  transferred  to  the  service  of 
the  Anchor  line  between  Genoa  and  Naples  and  New 
York.  The  vessel  will  l)e  propelled  l»y  twin  screws  driven  by 
Parsons  turbines  trnnsniitting  their  power  through  Parsons 
meclianical  gearing.  She  will  be  the  largest  passenger  steamer  in 
existence  propelled  hy  geared  turbines.  Her  dimensions  are, 
length,  5(i7ft.  ；  breadth,  66ft.  6in.  ；  and  depth,  45ft.  The  niachiiiory 
is  the  first  installation  of  geared  turbines  to  be  fitted  in  a  largo 
trans-Atlantic  vessel.  The  twin  screws  are  driven  by  turhinos  of 
the  Parsons  type  working  through  reduction  g(、ai'ing.  The  ""  :ir 
wheels  are  about  10ft.  in  diameter  and  oft.  in  hroadth.  Tli*  .v  ar,' 
each  driven  by  two  turbines  working  in  series  and  running  at 
about  1，'500  revs,  per  minute.  An  astern  turbine  of  the  impulse- 
reaction  type  is  incorporated  with  each  low-pressure  ahead  tiurltin.-. 
The  arrangements  are  such  that  either  the  hi^li  pressure  turliinr 
or  the  low-pressu re  turbine  can  be  used  independently.  Thus  tl"' 
derangement  of  one  turbine  will  not  prevent  the  vessel  proceeding 
on  twin  screws.  A  very  complete  system  of  forced  lubrication  is 
installed  for  all  turbine  and  gear  wheel  case  bearings.  The  boiler 
installation  consists  of  six  large  clouble-e»uled  Scotch  boil'  r、， 
working  under  natural  draught  at  a  pressure  of  2101bs.  They  aiv 
arranged  in  two  groups  of  three  each  in  separate  boiler  rooms. 


The  Welding  and  Cutting  of  Metals. ― The  annual  business 
meeting  of  the  Glasgow  and  West  of  Scotland  Association  of 
Foremen  Engineers  and  Draughtsmen  was  recently  held 
in  Glasgow.  The  vice-presideut,  Mr.  George  Watt ,  Dum- 
barton, was  elected  president  for  the  session  1914-15,  and  Mr. 
John  Mercer,  Carron,  vice-president.  The  treasurer,  Mr. 
Robert  Scott,  and  the  secretary,  Mr.  William  Davie,  were 
re-elected.  A  paper  on  "  Oxy-acetylene  Plants  and  Their 
Application  to  the  Welding  and  Cutting  of  Metals  "  was 
afterwards  read  by  Mr.  C.  Lin  wood.  The  lecturer  touched 
on  the  properties  of  oxygen  and  acetylene  gases  and  ihe 
chemical  changes  which  take  place  in  the  oxy-acetylene  flame, 
with  their  effects  on  welds.  Various  types  of  acetylene 
generators  were  described,  as  well  as  the  other  items  which 
constitute  a  plant.  The  difficulties  experienced  in  welding  the 
more  common  metals  were  gone  into,  along  with  the  causes  of 
these  diflioulties  and  the  best  methods  to  adopt  to  surmount 
them.  A  number  of  samples  of  oxy-acetylene  cutting  were 
shown,  as  well  as  samples  of  welding  in  steel,  cast  iron,  copper, 
and  aluminium.  Several  types  of  blow-pipes,  cutters,  regu- 
lators, and  accessories  were  also  shown.  A  discussion  followed 
the  reading  of  the  paper. 
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Know  lcs  A'  (lorcliani. 


1071G. 


\\  .  A  (；.  l)u  (W,  I, 


11112. 


AccumuiImIoi'  Com- 


NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  Wd.  Address 
■  Mrrhaniml  Kmji"'。、"  53,  New  B'"!'  !f  Slrrrl,  Manchrsffr. 

MECHANICAL  1913. 

Steam  engines,  pumps,  cranes,  and  winches. (；山 sou.  ；)" r)7. 
Self-driving  motors.    Tellier.  10211. 
Rotary  pumps  or  motors.    Tabard.    10485.  ― 
Thermostats  and  regulating  valves.    Arnclt.  10555. 
Heating  installations.    Castellazzi.  10590. 
Nut  locking  devices.    Jacobs.  10640. 
M'  :m、  tor  delivering  fluids  fiom  ])umps 
10651. 

r.ovornors  l'<>r  Itydraulic  motors.  J^tman 
(Mutcluvs.    Siiiiiid.'rs  cV  Smith.  10774. 
Starting  of  intornal-combustion  cn^inos. 

and  Turpin.  10798. 
Drop  stamps  or  ha niniers.    Alldays  S:  Onions  PiuMiinntic  Kn-in. 

ing  Company,  and  Wilson.  10831. 
Explosion  turbines.    Pichard  &  Piohard.  11107. 
V;"vv  nuM'liainsm  for  inter  nal  cinnlmstioM  "iiji;m*'s.  L: 
Helt  fasteners.    Terry.  11130. 
Fly  or  driving;  wlieels.    Waller.  1127-3. 
WVldin^;  ot  rail  joints.     Wattma nn  A.  'I 

\>;\  iiy.  11847. 
St. 'am  lionerators.    Pielock.    1 1944. 
Hydraulic  apparatus.  Thatchor. 

Means  for  coupling  shafts.    Lowden.    12330.  - 
Marine  engine  governors.    Ramsay  &  Jackson.  12355. 
Furnace  grates.    Hill.  12451. 

Cup  ring  packed  pistons  or  plungers.    Ti'ist.  12454. 
Rotary  engines  and  compressors.    Roll i son.  1*^ 
Distillation  of  coal.    Stephenson.  13104. 

Cliano;e  speed  ^oaring  for  motor  road  vrli icl.'s.     Hii  niin^liam  Sin;ill 

Arms  Coinpaiiy,  ； md  Nicliolls.    】：r,7  1. 
Construction  of  gas  washer  or  scruhl>er.  l'，i(l(l'is. 
l':l:l、ti(-  fluid   turliin.'s       Warwick    ^lacliinory   C'oinpiiny    <V.n IS). 

14395. 

Stuffing-box  packing-    Cook.  14517. 

Oil  t'urnacos  for  heating  and  melting  metals.    All(l;iy. 】 1581 . 
K;,ilu:1y  <()iii)lings.    Masters.    14(iti8  and 

Metliod  of  and  apparatus  for  measuriii^  gas.    .Julius  Pintsrli  Al、l. 
(； es.  15094. 

Winclu'S   and    hoists.      Mastors,    M:ist(、rs,    ^    Tittli'y,  Son.  :m'l 

Brick  ley,  Ltd.  15136. 
H  igh  speed  circular  saws.    Hen  dee.  l-">*"7. 
Nut  lock.    Hitchcock.  15645. 
Internal-combustion  engines.    Feyens.  150(il. 
Railway  rail-joints,    l^avn.  10294. 

Air-extracting  <levice  lor  the  oil  supplied  to  the  ftu'l  p'imp  "1  :m 
internal  coinlmstion  engine.  All^oinoino  Eloktricitiits  (；' 's. 
16399. 

Liquid-fuel  pumps  for  internal-combustioii  enginf's.  Esnanlt- 
Peltori.v  17181. 

Starting  gear  for  internal-combustion  engines.    Leitnci-.  】718!). 
Railway  rail-joints.    Deppisch.  17257. 
Machines  for  casting  metals.    Mann.  17724. 
Combustion  chambers  of  oil  engines.  Gardner. 
Friction  clutches.    Bridge,  Bridge,  &  Brndsha w 
Self-propelled  v^hiHes.    Bailey.  188'—"'. 
Feed-water  distrilmtors  for  steam  ^enorators. 
wood.  18972. 

Kotai'y  moulding  and  compression  niacliinos.    Kar)>o\\  sky. 
Carbu retters  of  inter n al-comb u st i o n  engines.  Laubonhur^ 
Apparatus   for    starting   internal- combustion  engines. 
20166. 

Lubricators.    Atkinson  &  Taylor.  21317. 
Turret  lathes.    Herbert  &  Vernon. 

Machines  for  cutting  mitre  and  bevel  gear  wliwls.  Hu<-k 
Power  transmission  gear.    Hounsfield.  230(>4. 
Pistons  and  piston  rings.    Childs.  23136. 
Toothed  gearing.    Grwi—'r.  H>'">. 

Internal-combustion    engines.      Triumph    Cyclo    Company,  an 

Baylis.  24292. 
Pumping  engines.    Davey.  25064. 

Welding  ot  rails.    T.  H.  Goldschniidt  Akt.  C's.  '-VS180. 
Jig  conveyers.    V»eb.  Hinselmann.  fc2o719. 
Transmission  ^earijig.    Lord.  '2(>022. 

Riveting  apparatus.    Siemens  S:  Halsko  Akt.  Gos.  27049. 
Machines  for  coating  metal  platos  with  tin ,  toi'iu*,  nnd  otlicr  nictn 

Taylor.  27467. 
Rotary  liquid  n^tors.    Hill.    29( n (； 
Annealiup;  vessels,    j^omor.  I , 


I7K.V,. 
18147. 
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Suction  (Imlgens.    Lol>nitz.    1)1  H. 

Utilisation  of  the  waste  heat  of  coml)ustion  motors  for  lu-atin^; 

purposes.    Semmler.  】491. 
Apparatus  tor  utilising  wavo  power.    Mt'l;ui(l<T.     1  ">l  1. 
Adj ustahlt1  joIIci-  hearings.    Stt'pan.  ]""]. 

Motor    roixl    vehicles.       I"i(hvig，  Katlio,  &  Solm  <  Finn  "I  ),  ami 

Kiister.  2405. 
(Jus  productMS.    Weil.  44'r)'」. 
Hall  l>earin^s.  Soderlnnd. 
Anti  friction  Itoarin^s.     Petit.    (；。 7'3. 

ELECTRICAL,  1913. 

Sparking  plugs.  Longford,  Longford,  A:  Clark. 
Dsnanios.  AII^cuhmih*  Kloktiifitiits  ("、s  7784. 
l^liM-trical  coiuluctors  and  supporting  means  for  samo.  British 

Insulated  tfe  Helshy  (，ahk〜，  Ltd.,  -、 lord, 'y,  Astloy,  and  Saiin 

(lersoii.  7805. 

I^h'ctric  motor  con Lrol  apparatus.     I^iilin^;  A:  fiarrard.  1011". 
Windings  of  dynanios.     Allg('ii">i i"1  KltiI;t ricitiits  (ics.  1U"08. 
Elootric  su  itcli  oprrntiii^:  inoch;inisin.     】>ar"  \-  Kolliini.     107 1  7. 
I ncaiuK^sconi  olrct ric  lamps.   British  TIhuiisou  I  loitston  ( 'om^aiiy 
10918. 

Windings  lor  dvnunios.    Hiitisli  'riiomsoii  Houston  ( '(nnp;ni v,  and 
Taylor.  1091*). 

Wiioless  "'it^r:ipliv.    Marconi's  Wiivlt'ss  T"lw-:i| 山 (V>iiip:my ,  and 
Hyau.  11106.' 

H  igh  i'rpquenry  clytianios.       British  'I'liomson-H  oitston  (1oui]ta n  v. 
11240. 

I'lh'ctromagnetio  friction  couplings.    Forstor.    VMM »H. 
Wiring  of  electric  lighting  installations.    Hodgson.    1  o(> 
C'ontact  devices  for  electrical  testing  purposes.     Evei-slu-d  and 

Vi^nolos,  J j tel.,  Clark,  and  Senior.  15968. 
Electric  batteries  and  accumulators.    Sahlon.  16684. 
Solution  for  use  in  lead-accumulator  c;jils.    Kal 山 idy.  19782. 
Voltmeter.    Steplioiison.  21143. 
Eh'etrical  regiilatiiig  tlevicps.    Hlox;uu.  L).">046. 
I  iisiilated  cloctric  c(>udii(  tors.     Western  Klectri<-  Comp'an  v. 
Arrangements  Jor  starting  aiul  rt^ulatin^  (liroct-fui-roi.[  ；  ]  ctric 

motors.    Cuniont.  27988. 
KliH'trolvtic  furnaces  for  the  p rodurtioti  of  light  inotals.  Ellis. 

294i8. 

Klw'tricnl  ivla.vs.     K*、m!>  A:  Lanritxcii.    I'M  I  IS. 
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Sw  itches  for  electric  hand  lamps.    1  \  itzel) 

Ever  ready  Company.  970. 
Wireless  tolograpliy.  Leimljacli. 
Electric   starting  and  ignition  systems 

en^inos.    Kottorin^  &  (Miryst.  (i()74. 
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METAL  QUOTATIONS. 

TUESDAY.  MAY  2fiTH. 

Aluminium  ingot  :   86/-  per  owt. 

，，         wire,  according  to  sizes.  &('  from  107/4  " 

，，        sheets        ，，  ，，  .，•••，,  112/-  " 

Antimony  £27/-/-  to  £28/10/-  per  ton. 

Brass,  rolled   7Jd.  per  lb. 

,, tubes  (brazed)    9fd.  " 

，，       "    (solid  drawn)   7|d.  " 

，，-     . ， ， wire   7Jd.  ！ 

('op per,  Starulanl   £63/2/6  per  ton. 

Tron,  Cleveland   ^1/1 J  ，， 

，， Scotch   57/l|  ，， 

Lead,  English    £19/5/-  '， 

，， Foreign  (soft)   £18/17/6  ，， 

Mica  (in  original  cases),  small    Od.  to  3/-  per  lb. 

"  ，，  "       medium    3/6  to  6/—  ，， 

，，  "  ，，'      large    7/6  to  11/- ，， 

Quicksilver    £7/-/-  per  bottle. 

Silver   26^d.  per  oz. 

Spelter    £21/7/6  per  ton. 

Tin,  block   £149/15/-  per  ton. 

Tin  plates,  I.C   12/3  per  box. 

Zitio  shoots  (Silosian)    £24/10/-  per  ton. 

,，  (Stettin  ；  Vieille  Montague)   £24/12/6  •，， 


Iron  and  Steel  Institute  ：  Paris  Meeting. ― In  accordance  with 
the  announcement  at  the  May  meeting,  the  autumn  meeting 
of  t  lie  Iron  and  Steel  Institute  will  be  lield  in  Paris  on 
Thursday,  Friday,  and  Saturday,  September  17tli，  18th,  diid 
19 th.  On  the  conclusion  of  the  meeting  in  Paris  a  visit  will 
be  made  to  Nancy,  and  Monday  and  Tuesday  will  be  devoted 
to  visfts  to  the  principal  iron  mines  and  metallurgiral  works 
of  French  Lorraine. 
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On 
Admiralty 

and 
War  Office 
Lists. 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,    Highest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c. 


(i) 


HEAD  OFFICE: 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearing,  when  we  took  hiui  underhand, 
Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY   NOT  WEAR   A  SMILE  P 

NONLEAK  jointing 

HUHLitMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE  ! 


FREE  FROM  LEAD! 

IMPROVES  WITH  AGE  ! 


TESTING  SAMPLES. 


WILL  NEVER  BLOW  OUT,  SCALE ,  OR  ROT. 

Leeds  Road, 


J.  E.  TURNER  &  CO.,  Ltd.,  ^  takers,  BRrb^RD,  Yorks 


The  Practical  Metallography 
of  Iron  and  Steel. 

By  JOHN  S.  G.  PRIMROSE,  a.r.t.c.  a.i.m.m  .m.i.m. 

LecUirer  on  Metallurgy,  and  demonstrator  on  Metallography  at  the 
Kojal  Technical  College,  Glasgow. 

Price  3s.  3d,  Post  Free. 


Every  Iron  and  Steel  Works  should  be  provided  with  a  metallogi  aphic  laboratory 
with  a  suitable  equipment  iu  which,  by  Scientific  methods,  the  daily  working  may 
be  controlled  and  improved,  and  that  this  may  be  efficient,  every  worker  should 
be  familiar  with  the  principles  on  which  the  researches  are  based.  This  book  has 
been  prepared  for  the  use  of  those  who  are  commencing  the  study  of  met-Hllo^ra]>hy. 
The  work  is  a  thoroughly  practical  one,  theoretical  considerations  beinri  ma<le  as 
brief  as  possible.  The  contents  comprise  exhaustive  chapters  on  BJicrostructure 
of  Iron  and  Steel  ；  Constitution  of  Iron  and  Steel  ；  Heat  Treatment  of  Iron  and 
Steel;  Micrograpliic  Examination  of  Failures;  Metallographic  Apparfltus  and  its 
Manipulation. 


^VK  IUPSTRVTED  WEEKLY  ^QgRMM     |  33    ^  ^ 

Edited  by 

WILLIAM    H.  FOWLER, 

Wh.  Sc.，  M.Inst.C.E. 

Telegrams:  "Scientific,"  Manchester. 
Telephone  No.  6655  City. 

SUBSCRIPTION  RATES. 

United  Kingdom  ：  12/6  per  annum,  post  free. 
Canada :  14/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
*  ，   21/-*  ，，  ，，  Thick  ，， 

"Foreign  Remittances  by  International  Money  Order  only. 

Note.— Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  ((  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the  Scientific 
Publishing  Company,  and  forwarded  to  our  Manchester  Office 
53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


THE  SCIENTIFIC  PUBLISHING  COMPANY,' 

53，  New  Bailey  Street,  Manchester. 


The  Use  of  Cast  Iron  in  Superheaters. 

A  recent  report  of  the  Board  of  Trade  on  the  failure  of  a 
cast-iron  stop-valve  chest  used  in  connection  with  superheated 
steam  shows  that  some  steam  users  do  not  yet  fully  realise 
the  risks  entailed  by  the  use  of  this  material  in  fittings 
exposed  to  steam  of  high  temperature.  The  report  in  ques- 
tion, No.  2,283,  is  a  very  elaborate  and  exhaustive  one,  and 
to  it  are  appended  some  interesting  remarks  on  the  chemical 
and  micrographical  structure  of  the  material,  and  illustrating 
the  deterioration  this  material  undergoes  through  prolonged 
exposure  to  superheated  steam.  It  scarcely  needed  this 
detailed  scientific  demonst ration,  however,  for  the  majority  of 
practical  engineers  who  have  had  to  deal  with  super- 
heating apparatus  arrived  at  this  conclusion  long  ago. 
It  is  satisfactory,  however,  to  know  that  it  is  now 
endorsed  by  the  Board  of  Trade,  though  we  could 
have  wished  the  condemnation  of  cast  iron  had  been 
more  pronounced.  It  may  be,  as  the  Engineer  Surveyor  in 
Chief,  in  his  remarks  on  the  report,  states,  that  "  selected 
cast  iron,  carefully  remelted  under  conditions  favourable  for 
keeping  the  content  of  phosphorus,  sulphur,  and  other  im- 
purities, is  successfully  adopted  for  mauy  vessels  subjected 
to  high  and  varying  temperatures  and  pressures,"  and 
that  "  cast  steel  is  undoubtedly  preferable  where  duc- 
tility is  of  importance."  But  to  our  mind,  there  can  be 
no  question  of  the  absolute  unsuitability  of  cast  iron 
for  superheater,  apparatus,  or  fittings,  and  for  tins 
reason  its  use  should  be  rigorously  excluded.  Its 
virtues  when  manufactvired  under  selected  and  favour- 
able conditions  may  be  all  that  is  claimed  for  it,  but 
unfortunatelv  structures  made  of  cast  iron  do  not  afford 
satisfactory  methods  of  testing  them,  and  without  such  tests 
too  much  is  left  to  chance  wlien  safety  of  life  and  property 
is  concerned.      Cast   steel  or  wrought  steel  should  be  the 
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oulv  materials  employed.  It  may  be  as  well  to  remark  here 
that  copper  is  equally  as  objectionable  as  cast  iron  for  super- 
heater work,  notwithstanding  its  ductility  under  normal  con- 
ditions, for  its  tenacity  rapidly  diminishes  with  increase  of 
temperature,  beyond  the  ordinary  range  of  saturated  steam, 
and  this  fact,  though  well  established,  does  not  appear  to  be 
so  generally  known,  judging  from  the  failures  that  lmve 
been  recorded  through  thin  injudicious  use  of  copper. 


Some  Unsuspected  Gas  Engine  Dangers. 

The  June  issue  of  "  Vulcan  "  calls  attention  to  one  or  two 
dangers  in  connection  with  gas  engines  which  we  do  not 
think  those  who  use  this  type  of  motor  are  generally  aware 
of,  but  which  it  is  desirable  to  bear  in  mind.  One  of  the 
risks  to  which  attention  is  drawn  pertains  to  those  engines 
fitted  with  magneto-ignition  apparatus.  It  is,  of  course,  no 
uncommon  thing  for  gas  to  leak  into  the  cylinder  and  form 
an  explosive  mixture  therein,  and  it  is  very  easy  to  forget, 
when  barring  an  engine  round  for  purpose  of  examining  the 
crank  shaft  and  crank  pi  n  journals,  that  if  the  magneto 
apparatus  is  not  disconnected  the  explosive  mixture  may  be 
ignited  and  thus  cause  a  sudden  and  unexpected  revolution 
of  the  engine.  If  anyone  happens  at  the  moment  to  be 
examining  a  working  part  he  obviously  runs  risks  of  serious 
and  even  fatal  injuries.  That  such  risk  is  not  hypothetical 
is  manifest  from  the  fact  that  sudden  and  unexpected  move- 
ments of  engines  of  this  kind  have  come  under  the  immediate 
notice  of  our  contemporary.  Another  clanger  to  which  it 
calls  attention,  and  where  it  might  not  be  suspected,  is  in 
the  vaporisers  of  suction-gas  plants.  These,  of  course,  are  not 
subject  to  any  internal  pressure,  but  for  all  that  if  they  are 
fed  with  dirty  water  incrustation  is  liable  to  form  and  lead 
to  overheating,  and  even  fracture,  as  is  illustrated  by  an 
actual  example.  Such  a  failure,  it  is  pointed  out,  not  only 
involves  trouble  and  expense,  but  by  permitting  of  the 
ingress  of  air  may  lead  to  a  serious  gas  explosion.  Tlie 
moral  of  the  incident  is  that  vaporisers  in  suction-gas  plants 
should  be  supplied  with  water  which  will  not  cause  a  deposit, 
and  in  any  case  be  periodically  overhauled. 


The  Danger  of  Stop  Taps  and  Importance  of  Safety  Valves  in 
Circulating  Hot-water  Boilers. 

A  Board  of  Trade  report  just  issued  on  the  failure  of  a 
circulating  hot-water  boiler  at  Portrush  on  January  15th 
last  once  more  draws  attention  to  the  importance  of  all 
boilers  of  this  type  being  fitted  with  a  safety  valve  or  some 
similar  means  of  affording  relief  in  the  event  of  excessive 
pressure.  Usually  this  is  brought  about  by  accumulation 
of  ice  in  the  pipes  during  frost,  but  m  the  case  under  notice 
the  explosion,  although  it  occurred  in  the  winter-time,  was 
not  due  to  the  weather,  but  simply  to  an  accumulation  ol' 
deposit  and  incrustation  finding  its  way  into  the  boiler 
inlet  pipe  and  partially  blocking  one  of  the  stop  taps 
fixed  therein,  with  the  result  that  the  circulation  was 
impeded  and  the  supply  of  water  to  the  boiler  partially  or 
wholly  cut  off.  Steam  was  then  generated  in  the  boiler 
more  rapidly  than  it  could  escape  through  the  orifice 
of  a  tap  in  ilie  outlet  pipe,  and  eventually  the  pressure 
reached  a  point  which  tlie  boiler  could  not  resist,  and  it 
burst  violently,  killing  tiie  stoker  in  (Iio  hotel— who  was  in 
the  act  of  drawing  the  fire  at  the  time —- and  severely 
injuring  the  manager  and  another  hotel  servant. 
It  appears  that  trouble  had  been  experienced  with 
the  working  of  the  boiler  on  several  occasions,  and  a  few 
days  before  the  explosion    a    plumber    who    was    sent  for 


on  account  of  unusual  cracking  noises  in  the  pipes  found 
the  outlet  pipe  partially  choked  with  scale.  This  he  remedied 
by  fixing  a  new  pipe,  but  as  the  supply  of  water  was  not 
satisfactory ― an  evident  proof  that  the  circulation  was  defec- 
tive~~ he  had  to  make  several  further  visits,  the  last  being 
on  the  day  of  the  explosion,  when,  in  his  opinion,  he  left 
the  boiler  in  order  ；  but  as  the  noises  in  the  pipes  recom- 
menced the  kitchen-maid  sent  for  a  mechanic  engaged  on 
the  premises,  who  at  once  proceeded  to  draw  out  the  fire, 
with  the  results,  stated.  When  the  Board  of  Trade 
surveyor  examined  the  apparatus  lie  found  that  the 
hot^water  supply  tank  contained  a  quantity  of 
deposit,  which  was  easily  stirred  up  and  swept  forwards  iutu 
the  supply  pipe  of  the  boiler  when  any  water  was  drawn 
froin  the  system .  Further,  that  a  stop  tap  placed  in  this 
supply  pipe  could  be  very  easily  choked,  and  there  can  be 
little  doubt  the  explosion  arose  in  Hie  manner  suggested. 
There  was  an  "  escape  pipe  ，，  open  to  the  atmosphere  fixed 
to  the  supply  tank  to  relieve  any  excessive  pressure  therein, 
but  this,  under  the  circumstances,  could  afford  no  relief  to 
the  boiler  in  the  event  of  the  two  circulating  pipes  between 
tlie  Mipjtly  tank  and  the  boiler  getting  blocked  by  inci'ust" 
tion  or  the  closing  of  taps,  and  in  any  case  we  agree  with 
the  report  that  where  relief  pipes  are  fixed  they  should  be 
attached  direct  to  the  boiler  and  not  to  the  supply  tank,  or 
the  '  copper  cylinder/'  as  it  is  usually  termed.  Objection  to 
such  escape  pipes  as  a  means  of  relief  is  that  in  frosty 
weather  the  upper  end,  which  generally  terminates  near  the 
roof,  is  liable  to  become  choked  with  a  plug  of  ice  by  the 
condensation  and  freezing  of  the  slight  vapour  escaping  from 
it.  For  this  reason  the  escape  pipes  ，，  cannot  be  regarded 
as  an  absolute  safeguard  against  excessive  pressure.  To 
secure  this  nothing  is  simpler  or  more  reliable  than  a  small 
dead  weight  safety  valve  attached  directly  to  the  boiler  itself, 
and  in  the  absence  of  such  a.  safeguard  the  presence  of  stop 
tips  in  the  course  of  the  circulating  pipes  is  always  attended 
、vitli  a  certain  amount  of  risk. 


Sir  Joseph  Wilson  Swan.  — We  regret  to  announce  the  death, 
； it  his  residence,  at  Warlingham,  Surrey,  on  the  27th  ult.，  of 
Sir  Joseph  Wilson  Swan,  the  inventor  of  the  incandescent  el  — h' 
trir  lamp.  He  was  born  on  October  31st,  1828，  at  Sunder- 
land, and  after  being  educated  at  a  private  -school  was  appren- 
ticed to  a  firm  of  druggists,  and  eventually  entered  into 
j)artncrsliip  with  John  Mawson,  a  chemist'  of  Newcastle.  He 
worked  out  what  is  now  known  as  tlie  ''  carbon  process,"  and 
greatly  improved  the  methods  of  photo- media printing. 
It  is  due  to  this  invention ,  patented  in  1864，  and  best  known 
as  "  Autotype/'  that  we  owe  the  finest  reproductions  of 
famous  pictures.  Another  of  his  inventions  was  the  "  bromide 
printing  paper,"  now  universally  used  as  a  means  of  exceed- 
ingly rapid  photographic  printing  by  artificial  light.  This 
invention  was  first  made  and  patented  by  Mr.  Swan  in  1879. 
He  began  to  experiment  in  electricity,  and  to  construct  cler 
trical  apparatus  wlien  but  20  years  old.  He  first  got  on  the 
track  of  his  great  discoveries  with  regard  to  the  incandescent 
lamp  in  the  year  1845，  when  he  saw  a  platino-iridiuni  wire 
made  incandescent  by  the  chemist  Staite.  From  this  time  he 
always  kept  before  him  the  idea  of  making  this  incandescent 
wire  useful  for  lighting  purposes  in  every-day  life,  and  by 
1860  he  had  managed  to  find  the  means  of  producing  slender 
lilaments  of  carbon  strong  and  elastic  enough  to  serve  his  pur- 
pose, but  it  was  not  until  1879  that  a  practical  lamp  »vas 
evolved.  Mr.  Swan  not  only  received  honorary  degrees  from 
various  universities,  and  a  knighthood  in  1904,  but  he  was 
decorated  in  Paris,  1881，  as  a  Chevalier  of  tlie  Legion  of 
Honour.  He  had  been  president  of  the  Institution  of  Elec- 
trical Engineers,  of  the  Society  of  Chemical  Industry,  and  of 
the  Faraday  Society.  He  was  the  recipient  of  the  Hughes 
Medal  for  scientific  discoveries  in  1  d04 ,  and  of  the  medal  of 
the  Society  of  Chemical  Industry  in  1903. 
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DESIGN  OP  SURFACE-CONDENSING  PLANT. ; 


BY  \V.  VINCENT  TItKEUY. 

IJekouk  detennining  the  size  of  macli i nes  to  rccoiitincitd  lor 
any  particular  enquiry  it  is,  of  course,  absolutely  iioccssarv 
to  obtain  full  particulars  of  the  existing  condii i(iiis  ami 
requirements.    Tlioso   should   ('omi)ris"  t  lie  following 

(1)  Usual  barometric  conditions,  which  will  (l('p('ml  upon 
the  'elevation  or  altitude  of  the  country  in  which  t  lie  ]>laiit 
is  to  be  installed.  It  is  usually  necessary  to  liavc  t  his  i>i- 
forniation  as  the  vacuum  specified  is  generally  givtMi  as  a 
percentage  of  the  provailin^  l)arom('"'r. 

(2)  Quantity  of  exhaust  steam  to  be  condensed. .  This  is 
usually  stated  in  ])ouikIs  per  hour.  1 1'  ； inv  superheat  is  likely 
tu  he  present  in  the  exhaust  stearri  lliis  should  be 

(3)  Source  of  exhaust  steam,  high,  mixed,  or  low-pressure 
in rl)inos,  reciprocating  engines,  distillating  apparatus,  v;icumn 
pans,  &c.    If  the  steam  is  received  from  a  reciprocating  steam 


5 /C(Jn 


3°  Drop. 


Circ  Outlet 


Fi". 】. 

oiigiiic  an  efficient  oil  separator  should  be  provided  between 
the  engine  and  the  condenser. 

(4)  Vacuum  required,  which  is  generally,  in  English- 
speaking  countries,  stated  in  inches  of  mercury,  referred  to 
a  30in.  barometer.  It  is  frequently,  however,  stated  as  a 
percentage  of  the  barometer.  This  latter  method  is  to  be 
； i voided,  as  with  a  given  percentage  the  absolute  pressure  in 
the  condenser,  which  is  the  point  we  are  really  seeking,  m;tv 
be  greatly  different.  For  example,  suppose  a  vacuum  =  90 
per  cent,  of  the  barometer  is  specified.  This  with  a  30in. 
barometer  will  give  an  absolute  pressure  in  the  condenser  of 
3in.  Hg.  or  27in.  vacuum,  whilst  with  a  24in.  barometer  tlie 
absolute  pressure  will  be  8'4in.  Hg.  or  21'6in.  vacuum. 
Putting  it  another  way,  suppose  it  is  required  to  maintain 
an  absolute  pressure  of  3in.  Hg.  in  the  condenser.  This  on 
a  30in.  barometer ― 27in.  vacuum,  or  90  per  cent.,  whilst  on 
a  24in.  barometer  we  have  21in.  vacuum,  or  87*5  per  cent, 
of  barometer  reading.  It  would  be  more  satisfactory  to 
always  state  the  vacuum  in  absolute  inches  of  mercury  or 
j)ouuds  per  square  inch.  When  dealing  with  the  question  ui' 
vacuum  it  is  important  to  note  that  whatever  vacuum  is 
defined,  from  a  condenser  manufacturer's  standpoint,  it  is 
measured  at  the  condenser  exhaust  branch  unless  specially 
stated  to  the  contrary. 

(5)  Cirrtt/fffittf/  Water. —— The  temperature  is  usually  given 
in  English-speaking  countries  in  Fahrenheit  degrees.  The 
source,  whether  sea,  river,  brook,  or  cooling  towers.  Tlie 
quality,  whether  acidulated,  imuldv,  chalky,  greasy,  &('.  If 
possible  a  sample  should  be  obtained  for  analysis.  It  will 
be  obvious  that  if  acid  or  salt  water  be  used  the  parts  of 
the  condenser  and  circulating  pumps  must  be  suitably  de- 
signed to  handle  same  in  order  to  maintain  the  continuous 
efficiency  of  the  plant.  The  size  of  the  condenser  tubes  will 
depend  to  some  extent  on  the  cleanliness  of  the  circulating 
water  and  the  possibility  of  suitably  screening  same.  The 
quantity :  If  there  is  any  limit  to  the  quantity  of  water 
available  same  should  be  ascertained,  and  to  wliat  extent .  ；' s 
tlie  degree  of  vacuum  possible  of  attainment  depends  on  this 
figure.  If  the  circulating  water  has  to  be  purchased  it  m;i v 
be  more  economical  to  install  a  cooling  tower  either  of  t lie 
natural  or  forced-draught  type,  depending  on  the  sj)acc 
provided. 

(6)  Energy  available  for  d riving  the  auxiliaries,  whetluM* 
steam  or  electrical. 

(7)  Having  obtained  the  particulars  called  for  in  (avr- 
goi"g，  make  n  point  of  collecting  any  further  in  format  iou 
special  to  the  job  in  hand  that  may  be  of  service  in  suitably 

*  Paper  roiul  before  the  Juuior  Institution  of  Engineers,  Muy  loth,  1911. 


proportioning  tlie  plant  oflered,  hucIl  as  location,  space  avail- 
able, run  of  existing  pipes  (if  any),  whether  pumps  are  to  I"' 
steam  or  electrically  driven,  steam  pressure  avail;" 山', volts, 
ani]>cres,  and,  if  alternating  current,  fr('f|iic""'y，  ； tiid  iiukiIm-j' 
of  ])l]ascs  of  d(M'tri(:  supply,  prevailing  wet  bull)  and  air 
temperature  conditions,  a-<-. 

We  will  now  assume  that  tlie  necessary  particulars  li;m' 
been  taken  as  follows,  and  proceed  with  the  proportioning  (" 
t  lie  various  apparatus: ― 

Stcftm. ― 25，OOOn)s.  of  steam  per  hour  from  a  high-pressii r< 
steam    turbine.     Dryness   factor  85   per  cent,   at  turhinc 


Vacuum. ― 2in.  Hg  absolute -  28in.  vacuum  witli  i 
barometer  =：  0'981bi  per  square  inch, 

(fi/rt/faff/if/  ll'〃,e/'.~^ Temperature,  60°  Fall.  ;  quality,  clea", 
river  ；  quantity,  relatively  unlimited. 

St/sff//tt ― Entirely  new  condenser  may  be  arranged  direct Iv 
under  turbine  exhaust,  witli  air  and  circulating  pinnps  aloii'—' 
side  the  turbine  foundations     Pumps  to  be  electrically  driven 
by  direct-current  motors. 

Condenser. ― We  will  assume  this  to  be  of  the  counter- 
current  type  of  cylindrical  form,  with  ratio  of  len^tli  of  ""'11 
to  diameter  of  2  to  1.  Solid- drawn  brass  tubes  of 
external  diameter  and  18  S.W.G.  thickness.  Exhaust  and  ； iir 
pump  suction  branches  arranged  on  longitudinal  centre  line 
of  shell,  and  preferably  at  mid-length  of  shell. 

-I  〃'  Ptnn p>i. ― Vertical,  single-acting,  suction,  valveless, 
three-throw  pattern,  with  single  reduction  gearing.  Tlifsc 
pumps  may  be  driven  direct  with  some  slight  aclvant ；卜 
regards  quietness  and  mechanical  efficiency,  but  the  u^u;illv 
abnormal  proportions  of  the  motor  designed  to  run  at  tlie  slow 
speed  necessary,  with  its  attendant  liigh  costs,  make  this 
method  of  drive  extremely  rare. 

Circ  ill  at  unj  〃"〃//'. —— Centrifugal  type. 

Having  settled  the  type  and  design  of  apparatus  we  now 
have  to  determine  the  requisite  capacities. 

(1irc///f(fiit(/  W'attr. —— The  first  thing  to  settle  is  tlie  quan- 
tity of  circulating  water  required.  Tliis  we  obtain  as  fol- 
lows : The  latent  heat  in  the  steam  is  assumed  to  be  =1.050°. 
This  figure  is,  of  course,  not  strictly  true,  as  the  heat  con- 
tent will  vary  with  the  absolute  pressure  and  also  with  the 
degree  of  saturation  at  entry  to  condenser.  The  figure  taken, 
however,  is  generally  on  the  large  side,  and  in  the  end  does 
not  materially  alFect  the  results.  Lay  out  the  diagram  shown 
in  Fig.  1，  the  top  line  representing  the  steam  conditions,  '>., 
pressure,  heat,  and  temperature  values.  The  bottom  line 
represents  the  circulating  water  conditions,  />.，  inlet  tem- 
perature on  the  left  and  outlet  temperature  on  the  right. 

Before  we  can  settle  on  tlie  outlet  temperature  of  the 
circulating  water  we  must  determine  the  value  of  the  expres- 

Exhaust— 


― fiir  Pump  Suction 


Ctrct/tatmg 
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Fig.  2. — Diagbascuatic  Arrangement  of  Cyijndiucal  Suafack  Condknm  i 

sion  indicated  as  "drop."  Briefly,  "  drop  *'  represents  tlie 
temperature  difference  between  tlie  saturated  steam  at  the 
given  vacuum  and  the  circulating  water  at  the  condenser  dis- 
charge. The  value  of  "drop"  depends  upon  several  variables, 
both  individually  and  collectively.  Maiiv  experiments  iia vc 
been  carried  out  with  a  view  to  constructing  a  formula  to 
give  the  value  of  "  drop  "  under  certain  conditions,  and 
several  formulre  have  beeu  constructed  and  found  to  he 
approximately  correct  when  applied  to  existing  conditions. 
Those,  liowever,  that  the  author  has  met  with  liave  I  teen 
awkward  to  use  and  have  consequently  been  put  aside. 

Some  of  the  variables  affecting  the  "  drop  ''  are  as  fol- 
lows : (1)  Condensation  rate  ―  pounds  of  steam  coudeused 
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per  square  foot  of  tube  surface  ；  (2)  degree  of  vacuum  to  be 
maintained  ；  (3)  temperature  of  circulating  water  at  inlet  ； 

(4)  velocity  of  circulating  water  through  the  condenser  tubes  ； 

(5)  ratio  of  tube  area  (internal)  to  surface  of  tube  element. 
Ordinary  rectangular  or    cylindrical    surface  condenser 

dealing  with  steam  up  to  20,0001bs.  per  hour,  15°  to  10°  Fah. ； 
above  20,0001bs.  per  hour,  12°  to  8°  Fah. 

To  proceed  with  our  design  calculations,  a  value  of  8° 
Fah.  is  applicable  to  our  conditions,  and  we  therefore  insert 
this  figure  in  the  diagram,  Fig.  1.  Now,  deducting  the  drop 
of  8°  Fah.  from  the  steam  temperature  of  101*7°  Fah"  we 
obtain  the  circulating  water  outlet  of  93*7°  Fah.  Deducting 
the  value  of  the  inlet  water  temperature,  60°,  from  this  out- 
let temperature  gives  a  rise  in  temperature  of  circulating 
water  during  its  passage  through  the  condenser  of  33'7°  Fah. 

Now  if  we  divide  the  latent  heat  value  of  lib.  of  saturated 
exhaust  steam  =  1,050°  Fall,  by  the  temperature  rise  of  the 


4('" 


Length  of  Condenser  Shell,  feet. 
Fig.  3.— Tubes  gin.,  lin.,  and  lin.  external  diameter, 】8  S.W.G.  thickness.  60° 
pitch.  Arranged  for  two  passes  of  circulating  water.  For  four  pass  condenser 
deduct  approx.  30  per  cent,  surface  shewn.  If  steam  dome  is  dispensed  with, 
necessitating  】)i'ovision  of  steam  paths  between  tubes,  suitable  correction 
should  be  made. 

circulating  water  =  33'7。，  we  will  obtain  the  quantity  in 
pounds  of  circulating  water  necessary  to  condense  lib.  of 

steam  at  the  degree  of  vacuum  specified.  This   ^  ^  =31'71bs. 

of  circulating  water  per  pound  of  steam,  and  the  total 
quantity  of  circulating  water  we  shall  require  will  be  = 

25000x31*7    1  Mn  .        .  ,     n  .  + 

^ 60  X  10 —— = 1,330  imperial  gallons  per  minute. 

It  may  be  questioned  as  to  why  the  constant  1,050  is 
taken  as  representing  the  latent  heat  of  the  steam.  This 
value  is,  of  course,  correct  for  dry  saturated  steam  at  a 
vacuum  of  29'6in.  IIg.，  but  when  dealing  with  condensing 
apparatus  dry  saturated  steam  is  practically  never  met  with. 
With  steam  turbines  the  dryness  factor  of  the  exhaust  steam 
usually  ranges  between  83  per  cent,  to  87  per  cent.,  so  that 
if  we  accept  the  value  of  1,050°  it  will  be  seen  that  we  are 
well  on  the  safe  side  for  all  vacua  generally  considered.  Some 
authorities  work  on  a  latent  heat  value  of  l，000o，  and  the 


author  believes  that  one  firm  Uses  a  figure  as  low  as  900。.  It 
is  as  well,  however,  not  to  cut  things  too  fine,  so  that  the  value 
of  1 ,050°  is  recommended. 

( 'ott(/e/tser. ― Having  obtained  the  quantity  of  circulating 
water  required,  we  next  proceed  to  determine  the  amount  of 
condensing  surface  required.  The  amount  of  condensing  sur- 
face depends  upon  the  weight  of  steam  that  can  be  condensed 
per  square  foot  of  surface,  that  is,  the  condensation  rate. 
This  is  based  upon  the  mean  temperature  difference  of  the 
steam  and  circulating  water. 

When  dealing  with  perfect  gases  the  mean  temperature 
difference  follows  the  hyperbolic  law,  but  in  a  steam  condenser 
we  have  to  deal  with  not  only  steam  but  non-condensable 
air  as  well.  This  air  upsets  the  above-mentioned  law,  and 
the  arithmetic  mean  gives  us  a  more  correct  value  and  in 
addition  is  much  more  simple  to  calculate.  The  author  is 
fully  aware  that  some  authorities  still  base  the  mean  tem- 
perature difference  on  the  hyperbolic  law,  but  he  cannot  find 
any  justification  for  so  doing. 

Referring  back  to  the  diagram,  Fig.  1，  we  see  that  the 
temperature  difference  at  the  beginning  is  417°  Fah.  and 
at  the  end  8°  Fall.    The  mean  temperature  difference  will 

then  be  "  ^+  8  _ 24*85°  Fah.    Various  values  have  been 

stated  by  different  authorities  for  the  mean  heat  transmission 
rate  per  degree  mean  temperature  difference  per  hour,  but 
the  author  considers  the  following  table  gives  a  fair  representa- 
tion of  what  may  be  expected  in  practice  under  normal  con- 
ditions : —— 


/// 


T 
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Ordinary  rectangular  and  cylindrical  counter- 
current  surface  condensers  for  reciproca- 
ting engines,  up  to  20,00()lbs.  per  hour 

Ordinary  rectangular  and  cylindrical  counter- 
current  surface  condensers  for  reciproca- 
ting engines,  above  20,0001bs.  per  hour  = 

Ordinary  rectangular  and  cylindrical  counter- 
current  surface  condensers  for  turbines, 
up  to  20,0001bs.  per  hour 

Ordinary  rectangular  and  cylindrical  counter 
current  surface  condensers  for  turbines 
above  20,0001bs.  per  hour  - 


325  B.T.U 


350 


= 375 


390 


From  the  foregoing  table  we  find  the  value  390  B.T.U. 
meets  our  case,  and  we  then  proceed  to  calculate  the  con- 
densing surface   required  as  follows  ： —— 

Lbs.  of  steam  per  hour  X  1050 


Mean  temperature  difference 
25000  X  1050 
24*85  x  390 


heat  transmission  rate 
2710  sq.  ft. 


This  value  gives  us  a  condensing  rate  of 


25000 
27l0 


9*251bs.  per  square  foot. 

Comh  ns(  r  Tuhes. —— Having  determined  the  condensing 
surface  we  may  proceed  to  the  number  and  length  of  tubes 
to  give  this  surface.  The  external  surface  area  of  a  fin.  diam. 
tube  =  ()•  1963  sq.  ft.  per  lineal  foot.  Maintaining  the  ratio 
of  shell  length  to  diameter  of  2  to  1  as  previously  recom- 
mended, we  find  that  with  a  tube  pitch  of  l^in.  in  the  top 
half,  allowing  ample  entrance  area  between  the  tubes  for 
the  steam  and  l^in.  pitch  for  the  bottom  half,  we  shall 
require  an  internal  diameter  of  shell  of  4ft. ，  with  a  length 
between  tube  plates  of  10ft. 

The  number  of  tubes  per  square  foot  tube  plate  area, 
equally  pitched  at  an  angle  of  60°，  may  be  obtained  from 
the  following  formula: —— 

N= 

0-866P- 
where  N  =  number  of  tubes. 

A  =  area  of  tube  plate  in  square  inches. 
P  =  pitch  of  tubes  in  inches. 
When  using  this  formula  for  determining  shell  diameters 
allowance  must  be  made  for  necessary  stays  and  diaphragms 
in  circulating  water  heads. 
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To  proceed  with  our  (； ilriilatioiis,  ( \\v  nuiriher  of  1  u1k-s 

required  will  he  equal  to  -  ^  ―  1,380  -  vin.  cxici  iwi! 

10  X  0"  1 90.) 

diameter  x  18  S.W.G. 

The  internal  sectional  area  of  these  tubes  will  lie  rqiml  to 

1,380x0*00233-3-22  sq.ft. 

^        ,  ,    .     ,  ,         1330x0  1605    0  K„  . 

I  lie  volume  ot  circulating  water  =  (•。          =3  56  cub. 

ft./second.     1 1*  we  make  the  circulating  water  flow  tlir (川" rli 

the  condenser  four  times  the  area  of  ilow  will  cmjiwi!  '  「= 

，  356 
0.805  sq.  ft.,  and  t『l"，  mean  velocity  of  flow  will  f(iual 八 = 
i  J  ^  0*805 

4 '42ft.  per  second.      This  velocity  is  very  reasonable,  \mi 

might  with  advantage  be  increased  if  it  did  not  tend  ") 

increase  the  ratio  of  shell  length  to  diameter.  Another 

objection  to  increased  tube  velocity  is  the  rapid  building  u |» 

of    tlie    frictional    head    and    consequent   increiscd  power 

i'(*(|uired  to  operate  the  circulating  pump. 

Having  determined  the  niain    dimensions    of  condenser 

surface  of  shell  we  may  now  fix  up  the  sizes  oi  exliaust  and 

circulating  water  branches.    It  is  customary  to  proportion 

the    exhaust    connections    upon    certain     stvam  velocities 

tlei)endent  upon   the  degree  of  vacuum    required    and  an 

assumed  steam  dryness  factor,  wliich  have  proved  satisfactory 

under  normal  conditions  in  practice.    The  following  table 

will  serve  as  a  guide  ： ― 

Vacuum— inches  Hg.  ...    27  0      'li  b      28  0      28'5    L,(J  0 

Dryness  fraction    0*87      0  86      0'85      0*84  0'83 

Steam  velocity  ft. /sec.  .     230      260       300      350  460 

On  reference  to  a  steam  table  it  will  be  found  that 
saturated  steam  at  an  absolute  pressure  of  2 in.  Hg.  will  have 
a  volume  of  338  cub.  ft.  to  the  pound.  The  required  exhaust 
inlet  area  will  then  be  equal  to ― 

25000  x  0  85  x  338  x  144  ^ 

 3600  x  300   =  655  ST  mS' 

giving  a  diameter  of  29in. 

In  order  to  permit  of  turbine  working  whilst  the  con- 
denser and  pumps  are  being  overhauled  it  is  necessary  to 
provide  an  atmospheric  exhaust  connection.  This  valve  is 
invariably  of  the  automatic  type,  so  as  to  come  intc  operation 
when  the  pressure  in  the  condenser  rises  to  one  or  two  pounds 
above  atmosphere,  due  to  sudden  shutting  down  of  the  air 
or  circulating  pumps,  and  so  prevents  damage  occurring 
clue  to  excessive  pressure.  The  size  of  this  valve  may  he 
satisfactorily  based  on  a  steam  velocity  of  about  150ft.  jkt 
second.  Wlien  figuring  on  this  velocity  the  steam  volume  is 
based  on  dry  saturated  steam  at  atmospheric  pressure  = 
26*4  cub.  ft.  per  pound.  For  tlie  plant  under  discussion  the 
area  of  atmospheric  value  would  be  equal  to ― 

25000x26*4  x  144  . 

3600x150 m'=  15m.  ^亂 

Circulating  water  branches  are  usually  based  on  a  im、ui 
water  velocity  of  approximately  8ft.  per  second.  If  1  lie 
circulating  water  pipes  are  long  or  tortuous  it  is  advisable 
to  cut  this  velocity  down  to  6ft.  per  second,  or  even  less,  or 
otherwise  considerable  power  will  be  wasted  in  overcoming 
friction.  Based  on  the  foregoing  the  required  area  of  circu- 
lating water  branches  will  be  equal  to ― 

1330  x  0-1605  x  144     ^  。       .  n. 
 —— 5 ^    —— = o4'3  sq.  in.=  9in.  diam. 

The  figures  0*  1605  used  in  above  calculations  is  ； i  fact  or 
for  converting  gallons  into  cubic  feet. 

Summarising  we  now  have  a  cylindrical  surface  condenser 
of  2,710  sq.  ft.  tube  surface,  4  pass,  4ft.  internal  diameter  x 
l(U't.  between  tube  plates  containing  1,380 一  Jin.  O/S 
diameter  x  18  S.W.G.  untinned  brass  tubes,  29 in.  oxliaust 
branch,  and  9in.  circulating  water  l>raiirlit's,  the  whole 
appearing  somewhat  as  design  shown  diagraimnaticallv  in 
Fig.  2. ， 

」 //•  Pi/tn j).  ―  Now  we  have  to  determine  the  size  and 
capacity  of  «air  pump.  Tt  niiut  l>e  understood  that  the 
following  procedure  applies  only  to  reci[)rot'ating  air  pumps, 


the  method  adopted  for  fixing  up  voia  ry  air  |)u  m!)  ，  Immii^ 
Hornewhai  different.  The  fjiiaiitily  of  air  to  lw  rcinoved 
from  the  coiidenser  by  tlie  air  piunp  cannot  l)e  m'"i>m'  'l,  a 
capacity  coeflicicnt  rnusl  he  usod  hased  on  experirtienl  ； ind 
cx])erience.  The  c;i|)aci(  ic ^  slated  in  ilio  following  t  ahle  arc 
ample  for  ordinary  conditions,  and  may  he?  used  with  ' 力'" i- 
dence.  It  is  arranged  for  working  wiili  tlu*  t''m|"'r;" lire  of 
the  circulating  water  entering  the  condenser :— 


Vacuum. 

Circalafclng  Water. 

Inlet Tciiipfrutiin-,  \)*u.  Fab. 

Ins.  H«. 

GO  IX'«. 

70  IX-fe'. 

80  Dee* 

85Deg. 

00  Di  «. 

2<iii). 
27in. 
2Hin. 
28'.!5in. 

0-51 
0'"4 
0.  725 
0-85 

0-51 
0-70 
0.  71) 
0-!)0 

1  oo  c: 

0-8 

0*7  cub.  ft.  |，'t  niiinil". 

0,85  per  lb.  "f  sl"t"i 
ptr  minute. 

to  the  quantity  of  25, 0001  hs.  per 
will  require  a  displacement  of 

315  cub.  ft.  per  minute. 


We  are  haiulling  steam 
hour.     Then  our  air  purnj: 

25000x0-725 
60~ 

As  we  are  recommending  a  three-throw  air  pump,  each 
section  will  have  to  deal  with  105  cub.  ft.  per  miinito.  For 
these  conditions  a  three-throw  air  pump  having  cylinders 


85         80         75         70         65  60 
Temperature  Circulating  Wat 21* 


50 


Drop  =  1-2°    Stt'ani  condensed  per  sq.  ft.  condensing  surface  in  lbs.  per  liour. 
Basis  350  B.Th.U.'s  iier  decree  mean  temperature  ditferep-ct-  pur  mi.  ft.  iht  hour. 


13.Un.  diam.  x  12in.  stroke,  and  running  at  110  revs,  per 
minute,  will  be  suitable.  The  ratio  of  driving  gear  with 
machine-cut  gears  should  not  exceed  approximately  6:1，  so 
that  the  speed  of  motor  would  be  about  660  revs,  per  minute. 
For  quietness  in  running  the  motor  should  be  provided  with 
a  "  fabroil  "  or  "  raw  hide  ，，  pinion,  these  pinions  being 
capable  of  running  continuously  without  noise  and  have 
usually  a  very  long  life.  It  is  advisable  to  proportion  the 
motor,  if  anything,  on  the  large  size,  as  with  careless  opera- 
tion it  is  possible  to  put  on  excessive  overload  on  the  machine 
when  starting  u]>.  For  the  pinup  now  proposed  tlie  motor 
should  be  capable  of  developing  continuously  about  12  b.h.p. 
at  660  revs,  per  minute. 

Circulating  Pump. — This  pump  would  have  to  deal  with 
the  water  as  previously  calculated,  1,330  galls,  per 

minute,  and  deliver  same  against  a  pressure  or  head  consist- 
ing of  suction  lift,  condenser  friction,  static  head,  and  pipe 
friction. 


.Juorl  ,13 二  qooj  fuBnls  tTITBals  Jo  spuuot! 
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Friction  in  piping  may  be  calculated  by  Box  formula. 

H  =  G2xL/(3d>5 

Wliere 

H  =  friction  in  feet. 
L  =  total  length  of  piping,  in  yards. 
d  --  internal  diameter  of  pipe,  in  inches. 
G  =  gallons  per  minute. 
Friction  bends  may  be  estimated  as  follows  ： ― 
cV2 


H 


Where 


H  二  friction  in  feet. 
V  ―  velocity,  feet  per  second. 
g  =gravity  =  32*2. 

c  =  constant  =  0' 98  for  bend  with  radim 
pipe. 


1  x  bore  of 


V 


= constant 二  0' 6  for  bend  with  radius  =  3  x  bore  of 

= constant  =0" 2  for  bend  with  radius  二  6  x  bore  of 
pipe. 
G 

Where  G  二 gallons  per  minute. 

d  =  diameter  of  pipe,  in  inches. 

Friction  in  condenser  may  be  estimated  as  follows  ： ― 
w— V2T  (L  +  7-5) 

•       H==  c  

Where 

H  =  friction  in  feet. 

V  --  velocity  of  water  through  tubes  (feet  per  second). 
T  =  number  of  passes   (times  water  passes  through 
tube). 

L  ^  length  between  tube  plates. 

C  =  constant  =100  for    |iu.  o/s  diam.  tubes. 

=  140  ，，     fin. ，，      ，，  ，， 
=  160  ，，  1  in. ，， ，，  ，， 
For  the  condenser  we  have  just  fixed  up  the  friction 
would  be  equal  to ~~ 

V2T  (L  +  7  5) 


140 

:4-422  x  4  (10  +  7-5) 
140 


=  9  75  feet. 


We  will  suppose  that  the  total  head  on  the  circulating 
pump  will  not  exceed  25ft"  which  is  a  very  usual  figure  for 
a  compact  plant;  then  our  pump  has  to  deliver  1,330  galls, 
per  minute,  against  a  total  head  of  25  feet.  Fpr  these  con- 
ditions we  would  require  an  8in.  centrifugal  pump  running 
at  about  1,500  revs,  per  minute,  with  an  efficiency  of  60  per 
cent.  The  motor  for  driving  this  pump  should  be  capable 
of  developing  continuously  17  b.h.p. 

This  completes  the  main  apparatus  of  the  condensing 
plant.  The  author  would  have  preferred  to  treat  the  various 
sections  more  fully,  but  the  time  available  for  delivery  would 
not  allow  of  this.  Many  other  points  require  attention,  such 
as  switchgear,  gauges,  thermometers,  condenser  and  pump 
fittings,  spare  parts,  &c"  but  the  author  must  leave  these  for 
the  present. 


Design  of  Aeroplanes. ― A  report  has  recently  been  issued 
by  the  War  Office  Advisory  Committee  for  Aeronautics  as  to 
the  strength  of  construction  desirable  in  aeroplanes  in  view  of 
the  increasing  severity  of  conditions  under  which  flights  are 
undertaken.  The  Committee  is  of  opinion  that  an  attempt 
should  be  made  immediately  to  produce  machines  having  an 
increased  margin  of  strength,  and  suggests  that  for  the  future 
no  machine  should  be  accepted  for  service  unless  the  strength 
of  the  wing  structure  is  such  that  the  ratio  of  the  breaking 
stress  of  any  part  to  the  stress  produced  in.  that  part  by  a 
load  equal  to  'three  times  the  weight  of  the  machine  is  at 
least  two. 


FLEXIBLE  CROWN  STAY  AND  FLUE  EXPANDER  FOR 
LOCOMOTIVE  BOILERS. 

T \v ( >  devices  for  use  in  connection  with  locomotive  boilers 
have  been  devised  by  Mr.  Win.  Kerr,  of  the  Chicago  and 
North-western  Railway,  and  are  shown  in  the  accompanying 
cuts,  for  which,  along  with  the  following  particulars,  we  are 
indebted  to  our  American  contemporary  the  Railway 
Review."  The  flexible  crown  stay  for  radial-stayed  boilers 
shown  in  Fig.  1  is  made  in  the  form  indicated  with  the  view 
to  securing  flexibility,  and  to  avoid  the  necessity  of  making 
enlarged  holes  in  the  wrapper  sheet  in  order  to  apply  the 
bolts.  By  using  jigs  for  getting  the  proper  angles  of  the 
stays,  the  holes  can  be  drilled  and  tapped  before  the  firebox 
and  the  wrapper  sheets  are  assembled.    The  short  ball  ends 


|"^cve  、 

I 

' f  111 

、  mm 

IBThrri  >-,pr 

note- 

― Thn  style  t 
used  when 
plied  ds  a 
bellu  brace. 


Fig.  1.— Kebr  Flexible  Crown  Stay. 
of  the  bolts,  with  the  coupling  nuts,  can  be  inserted  in  the 
crown  slieet  prior  to  assembling,  and  after  the  firebox  is  in 
place  the  top  ends  of  the  bolts  can  be  inserted  in  successive 
rows  from  the  inside  and  uniform  tension  on  all  bolts  can 
be  secured  in  the  tightening  process  by  means  of  a  MTrencli. . 
The  shape  of  the  bolt  permits  of  its  being  readily  forged  on 
a  bolt  machine.  For  the  coupling  nuts  it  is  proposed  that 
cast  steel  be  used.  The  application  of  this  idea  in  the  con- 
struction of  longitudinal  braces  is  also  illustrated. 

The  flue  expander  shown  in  Fig.  2,  also  devised  by  Mr. 
Kerr,  is  in  use  on  the  Chicago  and  North-western  system. 
Its  construction  is  such  that  the  ends  of  the  flues,  which  are 
allowed  to  protrude  through  the  sheets  for  the  purpose  of 


4'  -  Secffon  Expander 
Fig.  2.— Kebr  Sectional  Flue  Expander. 

furnishing  material  from  which  to  form  the  beads,  are  not 
injured  in  the  expanding  process.  This  is  accomplished  by 
providing  each  of  the  four  segments  of  the  expander  with  a 
|in.  projection  which  serves  to  keep  tlie  body  of  the  expander 
that  distance  from  the  flue  sheet.  This  expander  is  likewise 
useful  for  round-house  work,  as  when  flues  are  tightened  by 
means  of  this  device,  the  beads  are  not  flattened  or  cracked 
as  is  likely  to  happen  with  those  forms  of  expanders  that 
allow  the  force  of  the  blow  from  the  air  hammer  to  be  taken 
on  the  end  of  the  flue. 


Depreciation  of  Railway  Rolling  Stock. — According  to  cli- 
mates made  by  the  Pennsylvania  Company,  the  locomotives 
and  passenger  coaches  on  that  road  will  last  20  years.  At 
the  end  of  that  period  their  scrap  value  will  be  20  per  cent, 
of  the  original  cost.  An  allowance  of  4  per  cent,  for  depre- 
ciation and  renewal  is  therefore  made  for  locomotives  and 
passenger  stock  ；  on  freight  cars  it  is  3  per  cent.  In  the  case 
of  steel  cars  4  per  cent,  is  allowed. 
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assumed  a  somewhat  lii^ln-r  amount ,  viz.,  1 ,870  k^s.  j"'r 
squaro  ('cntirtictre  (2*j,00()II)s.  per  s<jiiarc  iii('h),  atul  tl"'  \tx-n 
lion  of  this  maximum  Iiaving  sliiftetl  to  the  surface  layer. 
The  forces  in  ('(piililirimii,  amount  in^  in  tlu?  rase  oi'  V i ^ .  \  i 
to  2,520  kgs.  (shaded  area  on  one  side  of  the  horizontal  zero- 
line),  have  decreased  to  2,290  kgs.  at  the  end  of  two  years 
(Fig.  12).  This  would  seem  to  show  that  tlic  pof (  n( ia I  '二' v 
did  not  change  materially  in  course  of  time.  I  v  isli  t()  j»o  t 
pone  definite  conclusions  as  to  the  clianges  brought  about  I'v 
time,  until  the  results  of  the  contimuul  exper  mi'  ii 卜  a  i  t  '  r 
more  prolonged  intervals  of  time  are  at  liainl. 

The  effect  of  hmtiiuj  the  cold-drawn  bar  at  various  I'  m 
peratures  may  be  seen  by  comparing  the  Diagrams  11，  13， 
and  14.  The  former  refers  to  the  cold-drawn  bar  in  its 
original  state,  the  second  to  a  portion  of  the  same  bar  after 
three  hours'  reheating  at  160°  C.，  and  the  third  to  another 
portion  after  three  hours'  reheating  at  230°  C.  Fig.  15 
summarises  the  results  obtained  by  plotting  the  temperatures 
of  reheating  as  abscissae,  and  as  ordinates  the  maximum 
internal  tensions  (  +  ( 厂 „,:,、)  and  the  forces  P  in  kilogrammes 
represented  by  the  shaded  areas  in  Diagrams  11，  13，  and  14, 
lying  on  one  side  of  the  horizontal  zero-line.  The  curve  P 
illustrates  the  decrease  in  potential  energy  in  tlie  bar  by 
reheating.  From  Fig.  15  may  be  concluded  that  reheating 
gradually  relieves  the  internal  strains,  and  that  this  efTect 


I5(W 


3  2  f  Q 
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Vm. 】1.— ItouNi)  Hah,  Colu-duawn. 

Copper,  57"S  %  ；  Zinc,  40*8  %  ；  Lead,  ]"35  %.     Distribution  of  internal  strain  live 
days  after  the  bar  left  the  drawiug-platc. 

becomes  apparent  much  below  the  temperature  limit  fT%  at 
which  the  effect  of  cold-working  (increase  in  tensile  strength, 
increase  of  elastic  limit,  and  decrease  of  elongation)  is  per- 
fectly removed.  According  to  the  researches  of  Kudriurnow 
(monograph  of  copper-zinc  alloys)  that  limit  (T  would,  for  the 
alloy  under  consideration,  range  from  about  200°  to  400Q  C. 
The  specimens  reheated  for  three  hours  at  temperatures  below 
100°  C.  showed  cracking  when  dipped  in  merrurv  solution, 
whereas  specimens  reheated  three  hours  at  100。  C.  and  more 
stood  the  dipping  test  without  cracking. 

The  facts  revealed  by  the  experiments  dealt  with  in  the 
preceding  paragraphs  are  of  importance  for  the  manufacturer 
of  cold-drawn  metals,  since  often  specifications  demand  high 
amounts  of  tensile  strength,  which  can  only  be  obtained  hy 
severe  cold-working,  and  since,  on  the  other  hand,  too  high 
a  degree  of  internal  strain  must  be  avoided  for  the  sake  of 
the  safety  of  the  manufactured  products. 

In  order  to  corroborate  the  effect  of  heating  on  cold-drawn 
metals,  as  shown  above,  I  may  be  allowed  to  refer  to  experi- 
ments made  with  a  steel  round  bar  which  had  been  reduced 
by  cold-drawing  from  41*5  mm.  in  diameter  to  39  mm.  (reduc- 
tion of  sectional  area  by  about  12  per  cent.).  Reheating 
was  effected  for  four  hours  at  100°,  200。，  300°,  400°,  450°,  and 
500°  C.,with  subsequent  slow  cooling.  The  results  of  internal 
strain -measurements  are  somewhat  irregular,  since  the  cold- 
drawn  bar  evidently  had  been  straightened  in  some  unknown 
way,  which  gave  additional  strains  arranged  unsviiunetricallv 
to  the  axis  of  the  bar,  aud  varying  over  its  length.  Not- 


INTERNAL  STRAINS  IN  COLD-WROUGHT  METALS,  AND  SOME 
TROUBLES  CAUSfcD  THEREBY.- 

UY  PKOF.  E.  HKYN.-)* 

(Continued  from  page  50''i .、 
In  certain  cold -drawn  alloys  of  copper,  most  markedly  in 
those  of  copper  and  zinc,  liability  to  cracking  may  often  he 
revealed  by  dipping  the  piece  to  be  examined  in  "i(、r('ury  or 
in  solutions  of  mercury.  In  order  to  illustrate  tliis,  a  round 
bar  of  an  alloy  containing  57'8  per  cent,  of  copj""',  1(广8  per 
cent,  of  zinc,  0  per  cent,  of  tin,  1*35  per  cent,  of  lead,  and 
only  traces  of  iron  and  aluininiiuii,  had  been  cold-drawn  i'roin 
128  mm.  diarn.  to  25  mm.  (rcducl.ioti  in  sectional  area  equal 
to  26  per  cent.).  A  portion  of  this  l);u'，  about  180  mi",  m 
length,  which  was  free  from  any  superficial  cracks,  was  clipped 
in  a  solution  of  nitrate  of  mercury.  At  the  end  of  ten 
minutes  the  bar  cracked  with  a  sharj)  report,  showing  tho 
cracks  illustrated  in  Fig.  9.    The  fact  that  only  longitudinal 


- — ■  
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Fig.  9. 

cracks  were  formed  shows  that  the  transverse  internal  strains 
in  the  bar  prevailed  over  those  in  an  axial  direction.  Tlie 
further  fact  that  the  cracks  start  from  the  surface  and  gape 
shows  that  the  internal  transverse  strains  must  be  extension 
at  the  surface  and  compression  in  the  core.  The  outer  layer 
I  of  the  section  of  the  bar  must  press  on  the  core  like  a  ring 
slirunk  on  (Fig.  10).  If  by  boring  portions  of  the  core  are 
removed,  the  outer  ring  I  can  yield  to  its  tendency  to  assume 
a  smaller  diameter,  thus  involving  a  decrease  of  the  outer 
diameter  d.x.  The  results  of  the  measurements  are  tabulated 
below  ： —— 


Inner  Diauicter  <h  (niilliua'tre)  after 

1.  Boring. 

•2. 】im'iiig. 

10. 

CO 

Dt'croasc  of  outer  diamckT  da  ... 

Millimetre. 

o-ooo 

Millimetre. 
0010 

Millimetre. 
0025 

Since  after  boring  out  up  to  16  mm.  of  inner  diameter 
the  greater  part  of  the  internal  strains  must  have  been 
relieved,  it  may  be  concluded  that  the  remaining  hollow  cylin- 
der would  no  longer  develop  cracks  when  dipped  in  a  mercury 
solution.  The  experiment  proved 
this  to  be  the  case.  For  similar 
reasons  a  portion  of  the  cold- 
drawn  bar  no  longer  split  up  iti 
the  solution  after  the  removal  of 
a  surface  layer  by  turning  down 
to  an  outside  diameter  of  15  mm. 
It  was  also  of  interest  to  deter- 
mine the  longitudinal  internal 
strains  in  the  cold-drawn  bar 
mentioned  above.  The  result  is 
plotted  in  the  diagram,  Fig.  11. 
As  was  to  be  expected,  the 
outer  layers  proved  to  be  sub- 
jected to  tension,  the  central 
core  to  compression.  It  must  be  noted  here  that  the  maxi- 
mum tension  is  not  immediately  at  the  surface,  l)ut  ； it  <ouw 
distance  from  it,  and  amounts  to  about  1,575  kgs.  per  square 
centimetre  (22,4001bs.  per  square  inch).  The  measurements 
began  five  days  after  the  bar  had  left  the  d rawirg-die. 

In  order  to  see  whether  any  change  iti  the  distribution  of 
internal  stresses  would  be  brought  about  itt  voursr  of  t'um , 
another  portion  of  the  same  cold-drawn  bar  was  re-tested 
after  having  been  left  at  rest  for  two  years.  The  result  of 
the  measurement  is  shown  in  the  diagram,  Fig.  12，  wlncli 
would  seem  to  indicate  that  some  change  in  the  distribution 
has  been  brought  about,   the   maximum   ot'  tension  liavin^ 

•  May  k'cturt.'  dolivored  before  thu  Instilutc  of  MctMls.  ^lay  l*2tli.  l'Jll. 
t  Royal  Tochnital  Institute.  ('hai'lotU'iil'ui^,   and   Director  of  the  Koyal 
I'rus&iau  Institute  for  Testing  Mak'i'ials,  licrliu— Lkhtcrtckk'. 
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withstanding  this  irregularity,  the  general  eiTect  of  reheating 
may  be  seen  from  Fig.  16,  in  which  the  forces  P  being  in 
equilibrium  in  the  mass  of  the  bar,  and  corresponding  in  some 
way  to  the  amount  of  potential  energy  stored  up  in  it,  are 
plotted  as  ordi nates  to  the  reheating  temperatures  as  abscissae. 
The  internal  strains  gradually  decrease  with  increasing  tem- 


200G 


of  internal  strain 
)late. 


Fir.  I:\-Kound  Bab,  Co: 
Copper,  57-8  %  ；  Zinc, '40.8  %;  Lead,  1*35%.  Di 
years  after  the  bar  had  left  the 

perature  and  reach  a  very  low  amount  at  500°  C. ,  the 
temperature  limit       for  removing  the  effect  of  cold-working. 

Some  remarks  may  be  devoted  to  the  very  serious  question 
of  the  spon  crachuuf  of  cold-worked  metals.  This 

cracking  often  occurs  without  any  perceptible  cause,  especially 
in  cold-worked  brass,  alununiuni-bronze,  tin-bronze,  high  per 
cent,  nickel-steel,  and  so  on,  if  these  metals  are  affected  by 
severe  internal  strains.  Cracking  may  occur  long  after  they 
have  been  subjected  to  cold-working,  sometimes  years  after- 

1500- 
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at 
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Fig.  13. ― Kound  Bar,  Cold-dbawn. 
Copper,  57'8 %  ；  Zinc,  40"8  %  ；  Lead,  1'35  %.    Keheated  three  hours  at  160°  C. 

wards  ；  a  phenomenon  which,  in  the  literature,  is  generally 
termed  season-cracking." 

Thus,  for  instance,  a  cold-worked  bar  of  aluminium-bronze 
is  shown  in  Figs.  17  and  18.  The  composition  of  the  alloy 
is  the  following  ： ― 

Per  cent. 

Copper    88-2 

Zinc    0-70 

Iron    3*31 

Aluminium    765 

Phosphorus    0"028 

Silicon    0*086 

The  internal  strains  were  of  such  an  amount  that,  after  a 
certain  time  of  storing  the  bar,  transverse  cracks  developed 
spontaneously,  penetrating  to  a  depth  shown  in  Fig.  18. 
What  may  be  the  cause  of  such  cracking  ？ 

(a)  It  is  obvious  that  additional  stresses,  clue  to  the  action 
of   external   forces,  may  in  conjunction  with   the  internal 


si  i  ('ss('s  rcarh  such  a  degree  that  tlie  ultimate  tensile  strength 
of  the  material  is  exceeded  in  certain  parts  of  the  mass,  thus 
leading  to  cracking  or  partial  fracture. 

(h)  Additional  strains  may  be  caused  by  unequal  heating 
or  cooling,  thus  producing  the  effect  just  mentioned.  It  is 
most  probable  that  the  cracking  of  the  turbine  blades  pre- 
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Flti.  H.—  IiOUNU  15AR,   COLD  DUAWN. 

Copper,  57*8  %  ；  Zinc,  40*8  %  ；  Lead,  1*35%.   Keheated  three  hours  at  230°  C. 

viously  referred  to  was  due  to  this  cause.  As  was  shown,  the 
blades  were  subjected  to  severe  internal  tensions  at  A,  Fig.  5， 
that  is,  opposite  to  the  side  B，  which  is  struck  by  the  hot 
steam  jet.  When  the  blade  passes  before  this  jet  there  may 
for  a  very  short  interval  of 
time  exist  a  somewhat  higher 
temperature  at  B  than  at  A. 
This  is  equivalent  to  a  sudden 
tension  at  A  balanced  by  a 
corresponding  compression  of 
the  material  at  B,  thus 
causing  additional  temporary 
strains  in  the  blade.  Let  <rx 
be  the  internal  tension  stress 
at  A  due  to  cold-working,  (r\ 
the  temporary  additional  stress 
due  to  difference  of  tempe- 
n"ure  ；  then  the  side  A  of  the 
turbine  blades  will  be  sub- 
jected to  often-repeated  stresses 
between  the  limits  o-{  and 
(Ty  +  (T'r  As  is  generally 
known,  this  may  involve  crack- 
ing after  a  definite  number 
of  repetitions,  provided  the 
stresses  crx  and  crl  +  a\  exceed 
a  certain  limit. 

(c)  It  is  conceivable  that 
sera  tolling  or  other  in  jury  to 
the  surface  of  cold-worked 
metals  under  sever©  internal 
strains  may  help  the  formation 
of  cracks.  Let  crL  be  the  in- 
ternal tension  stress  in  the 
outer  surface  layer  I  of  a  cold- 
worked  round  bar  in  a  longi- 
tudinal direction  (Fig.  4)，  f  x 
i\\v  initial  sectional  area  of 
this  layer.  If  by  local  scratch- 
ing at  some  point  of  the  sur- 
face the  sectional  area  of  layer 
I  be  diminished  by  the  amount 
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Temperature  of  Rbhe^jing 

Fig.  15.~Kound  Bar,  Cold-drawn. 

Copper,  57*8  %；  Zioe,  40'3  %  ；  Lead, 
1*35  %.     Effect  of   three  hours  re- 
lieatirm  at  various  temperatures  on 
the  internal  strains. 
Ordi  nates ― 

+o"iiiiix.^ Maximum  tension  stress 

(kg.  per  cm.) 
r」:Forces  in  kg.  which  are  in  eiiui- 
libiiuiu  within  the  mass  of  the 
bar. 
Abscissae ― 
Teini»L'raturt'  of  reheating.    Deg.  C. 

0，  we  have  the  equation 


wliere  cr  is  the  stress  in  the  injured  section  f  \  ―  <p  ；  con- 
sequently 


/、'  —  </>• 

Relief  of  strains  will  not  occur,  since  the  length  /，  over  which 
the  strains  are  removed  by  the  scratching  effect,  is  only 
infinitesimal.  On  the  contrary,  according  to  the  above 
equation  the  stress  cr  in  the  injured  section  will  be  increased. 
In  addition  to  this  t  he  scratch  acts  like  a  notch,  thus  causing 
considerable  local  increase  of  stress  intensity  in  the  depth  of 
the  scratch If  by  this  increase  the  ultimate  tensile  strength 
is  reached,  fracture  may  start  from  the  scratch . 

A  very  similar  effect  may  be  produced  by  corroding  agents 
art  ing  on  the  surface  of  cold-worked  metals  and  giving  rise  lo 


*  Notching  effect : 
§339  319. 


see  Marteus-Hoyn,  Unndbuch  der     Mttterialicnk'ttmie,  llx. 
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local  attack  or  pitting.  (Uniform  attack  of  1  lie  surface  does 
not  involve  this  effect,  since  it  acts  like  removing  the  surface 
layer  by  turning  and  decreases  int ci  nal  si  rains.)  Tl"'  ad  inn 
of  mercury  and  its  solutions  on  certain  alloys  having;  str"ii;' 
internal  strains  li;is  already  been  iiHMitioncd .  I  ti  t  lu-  case  of 
cold-worked  brass  suhst  anccs  coul  aiii('(l  in  t  lie  air,  sudi  ;is 
carbonic  acid  in  conjiuiction  wit  h  moisture,  vapours  of 
ammonia,  of  sulphurous  a('i(i，  and  so  m»，  may,  after  siifliricut 
periods  of  action,  cause  cracking. 

It  is  no  rare  occurrence  that  condenser  tuljes  of  l>r;iss, 
which  have  been  stored  in  the  yard,  without  having  been  m 
service,  suddenly  show  severe  ('racking,  as  illustrated,  for 
instance,  in  Fi^.  1 9.  Tlieir  liability  to  cracking  could  be 
revealed  by  the  fact  that  port  ions  of  the  tubes  st  ill  i  r (屮 l'i'"m 
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Fig.  16.— Stkkl  Kocnd  Bar,  Cold-drawn. 

Carbon,  0  29  %  ；  Silicon,  0*08  %  ;  Manganese,  0*99  %  ；  Phosphorus.  0*031  %  ； 
Sulphur,  U'U4.4  *'(').    EtlVct  of  four  hours  lvlH  atiim  nt  the  truiperatures  as 
abscissjv  on  the  internal  strains. 

P= Forces  in  kg.  which  are  in  cquililtrinm  witliin  the  mass  of  the  \  n\x. 

cracks  split  up  after  being  dipped  in  mercury  solution. 

The  corroding  effect  may  sometimes  be  a  very  unexpected 
one.  For  instance,  a  person  painting  brass  tubes  with  cinna- 
bar will  not  be  aware  of  the  fact  that  be  is  thereby  endanger- 
ing cold-drawn  brass  or  bronze  objects  in  a  most  serious  way. 
To  illustrate  this，  cartridge-cases  were  made  of  cold-worked 
brass,  and  at  the  mouths  of  these  cases  rather  severe  internal 
strains  had  been  intentionally  produced  by  cold -work.  After 
painting  them  with  a  mixture  of  cinnabar  and  ordinary 
varnish,  and  after  exposing  them  to  the  air  in  the  presence 
of  moisture,  the  cases  split  up  at  the  mouth.  The  moisture 
acting  on  the  mercury  sulphide  (cinnabar)  in  contact  with 
the  copper  of  the  brass  produced  a  slow  chemical  reaction 
forming  sulphide  of  copper  and  free  mercury.  The  latter 
exerted  its  effect  on  the  cold-worked  brass  just  in  the  same 
way  as  if  the  cases  were  dipped  in  mercury  solutions.  The 


Fig. 17.  Fio. 18. 

time  in  which  this  effect  is  produced  is  shorter  the  less  the 
proportion  of  varnish  in  the  paint.  Without  tlie  presence 
of  moisture  the  reaction  is  impossible. 

A  phenomenon  observed  in  cold-rolled  aluminiuin  sheets 
must  be  recorded  here,  since  it  is  due  to  similar  causes.  In 
certain  kinds  of  water  these  sheets  show,  after  some  weeks' 
exposure,  local  bulging  and  blistering  covered  with  white 
efflorescences,  and  they  finally  split  up  at  some  parts  of  their 
edges  like  a  pack  of  cards,  as  may  be  seen  in  Fig.  '」（）■  Tho 
water  has,  in  this  case,  played  the  part  of  the  corroding  agent, 
which  by  local  attack  and  perhaps  besides  by  some  mech.miral 
effect  of  the  products  of  corrosion,  produces  strains  in  addition 


to  the  initial  internal  strains  brought  about  by  the  process  of 
cold-rolling,  so  \  hat  finally  local  destruction  occurs.  The 
same  sheets,  exposed  to  the  same  kind  of  、v;"''r  all «*r  having 
been  annealed,  no  longer  sliowed  the  <l<*t rirnent a!  dhct  just 
described,  since  t lio  internal  si  rains  fliif*  to  r''l'l、vorkiii 仁' liad 
been  removed.    Tiiis  is  shown  by  Vl^.  21 . 

Toiirliiii</  t  h*»  (|iH-sl  ion  of  removing  internal  strains  in  ">1'1- 
woi-kecl  metals,  some  characteristic  features  have  already  been 
nientioned. 

(a)  Kelieating  at  temperatures  ahovf  t  lie  limit  /,，  、vlu'  li 
removes  all  ciVoel  •；  of  1  in*  r(,l,l  "orki"?  on  tl"'    ！  pro- 


perties, at  the  same  time  eliminates  the  internal  strains.  As 
mentioned  previously,  remarkable  effects  towards  diminishing 
the  degree  of  internal  strains  can  even  be  brought  about  at 
temperatures  considerably  below  tliat  limit. 

(ft)  In  tlie  very  process  of  cold-working  it  is  possible  to 
avoid  the  formation  of  dangerous  internal  "rains  by  regu- 
lating the  reduction  in  the  different  jiarts  of  the  sectional 
area.  For  instance,  in  the  case  of  the  turbine  blades  in 
Fig.  5，  it  would  be  necessary  to  give  a  stronger  reduction 
between  two  passes  through  the  die  at  A  thau  in  the  neigh- 
bourhood of  the  edges. 

Since  colcl-rolling  and  cold-liamniering  are  apt  to  produce 
tension  strains  in  the  core  of  the  worked  pieces,  whereas  cold- 
drawing,  on  the  contrary,  brings  about  tension  strains  in  the 
superficial  layers,  it  must  be  possible  to  diminish  internal 
strains  V>y  alternate  cold-drawing  and  cold-rolling. 

(To  be  continued.) 


Explosion  at  a  Cement  Works. ~ •、  、  i!    ii  、  '  。  、'  rmuslv  in  ！ 
in  an  explosion  which  occurred  at  the    Aberthau  Cement 
"Works,  near  Barrv,  on  tlie  2Gth  ult.     Following  the  explosion 
fire  broke  out  in  the  engine-room  and  buildings. 
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IMPELLERS  FOR  CENTRIFUGAL  PUMPS,  TURBINES,  AND 
CONDENSERS. 

The  accompanying  illustrations  show  a  construction  of  im- 
peller for  centrifugal  pumps,  turbines,  condensers,  and  similar 
apparatus,  the  invention  of  The  Rees  Roturbo  Manufactur- 
ing Company,  Ltd.,  of  Wednesfield  Road,  Wolverhampton, 
and  its  primary  object  is  to  reduce  the  weight  and  size  and 
cost  of  construction  without  impairing  the  efficiency  of  the 
apparatus. 

Fig.  1  is  a  central  longitudinal  section  of  a  completely 
closed  or  shrouded  impeller  witli  part  of  the  external  casing, 
and  Fig.  2  is  a  transverse  section  of  the  same  partly  on  line 
A ― A  and  partly  on  line  B 一 B  of  Fig.  1  The  impeller  con- 
sists of  a  boss  E  carrying  blades  D，  the  sides  of  which  slope 


Fig. ： 


Fia.  2. 


inwardly  from  the  rim  towards  the  eye.  Tlie  peripheral 
disci  large  outlets  F  are  formed  within  a  trough  extending 
around  the  periphery  of  the  impeller,  the  side  walls  G  of  this 
trough  forming  the  sides  of  the  nozzle,  while  the  outer  and 
inner  walls  of  the  nozzles  are  formed  by  successive  portions 
of  the  floor  H  of  the  trough  which,  as  shown,  is  stepped  so 
that  the  trough  consists  of  a  series  of  triangular  portions 
each  of  a  depth  varying  from  zero  or  approximately  zero  at 
the  lip  of  the  discharge  nozzle  to  a  maximum  at  or  near  the 
point  of  greatest  constriction  of  the  nozzle     Tliere  are  thus 

left  on  each  side  of  the  nozzle 
trough  annular  chambers  of  the 
full  diameter  of  the  impeller, 
wherein  a  mass  of  liquid  at 
high  pressure  due  to  centrif  ugal 
force  is  stored.  The  inlets  of 
the  impeller  are  formed  of 
the  requisite  diameter  for  the 
lnaximum  output  fixed  by  prac- 
tice for  a  given  impeller,  and 
the  fixed  bush  K  of  the  casing 
is  formed  with  a  coned  flange, 
the  inner  surface  of  which 
Fig.  3.  forms  a  continuation  of  the  side 

wall  of  the  impeller.  This  construction  enables  the  effective 
aperture  of  the  impeller  eye  to  be  varied  simply  by  turning 
down  the  edge  of  the  coned  flange  to  a  greater  or  less  extent. 

Fig.  3  is  a  sectional  view  of  an  arrangement  applicable  to 
an  air  pump  or  extractor  or  condenser.  The  boss  is  hollow 
and  extends  outwards  to  the  nozzle  trough,  the  interior  of  the 
boss  being  in  communication  on  the  one  hand  with  tlie 
trough,  and  on  the  other  hand  through  the  hollow  shaft  M 
with  the  space  to  be  exhausted  or  other  gas  or  vapour  space. 
In  the  walls  of  the  trough  are  formed  nozzles,  arranged  in 
opposing  pairs  as  indicated  at  N,  the  jets  of  water  issuing 
through  which  from  the  pressure  reservoir  impinge  on  each 
other  at  the  centre  of  the  trough  so  as  to  form  flat  or  fan-like 
sheets  of  water  or  spray,  the  aspirating  action  of  these  sheets 
of  sprayed  water  drawing  gas  or  vapour  through  the  hollow 
shaft  and  impeller  boss,  the  entrained  gas  or  vapour  and  en- 
training water  being  discharged  into  the  vortex  chamber  or 
expanding  ducts  of  the  fixed  casing,  this  action  being  assisted 
by  short  transverse  blades  O  fitted'  across  the  outer  edge  of 
the  trough  which  act  as  an  extractor.  The  final  compression 
is  effected  by  the  streams  of  water  discharged  from  the 
pressure  tank  on  each  side  of  the  nozzle  trough  through  the 
two  annular  slits  P  (or  two  rings  of  nozzles)  formed  between 
tlie  walls  of  the  trough  and  those  of  the  pressure  tank. 


THE  TALBOT  PROCESS  IN  COMPARISON  WITH  OTHER 
OPEN-HEARTH  REFINING  PROCESSES,* 

IiV  DR.  FlilEDRICH  SCHUSTER  (WITKOWITZ). 

The  Witkowitz  Ironworks,  established  in  1829，  have  in  the 
course  of  time  employed  a  number  of  processes  of  steel  inanu- 
facture.  The  reason  for  this  is  to  be  souglit  for  partly  in 
the  changes  in  the  sources  of  raw  material  supply,  and  partly 
on  account  of  actual  technical  ]>rogress.  The  acid  process, 
introduced  in  the  year  1867,  had  to  be  abandoned  owing  to 
the  difficulty  oT  obtaining  non-])hosphoric  ores,  and  was  re- 
placed in  1879  bv  the  basic  process.  This,  again,  was  finally 
replaced  in  the  year  1882  by  the  well-known  duplex  process, 
which  had  its  origin  and  development  in  Witkowitz.  As 
auxiliary  to  this  last  process,  the  most  diverse  modifications 
of  the  open-liearth  process  on  a  basic  and  acid  hearth  were 
employed. 

Although  from  a  qualitative  point  of  view  the  results  of 
the  duplex  process  were  perfectly  satisfactory,  and,  in  com- 
parison with  other  systems,  the  output  of  the  various  furnaces 
was  considerable,  the  cost  of  production  of  the  steel  caused  by 
the  necessity  of  carrying  out  tlie  manufacture  in  two 
separate  apparatus  (the  Bessemer  converter  and  the  o]>en- 
hearth  furnace)  was  so  high  as  to  render  it  necessary,  for 
some  considerable  time  past,  to  consider  the  question  as 
how  best  to  replace  the  expensive  duplex  process  by  a  cheaper 
method  of  steel  manufacture. 

Owing  to  the  conditions  of  the  ore  supply,  it  was  not 
possible  to  change  over  to  the  basic  process,  which  is  to-day 
undeniably  the  cheapest  process  of  steel  manufacture.  Owiiig 
also  to  the  relatively  high  total  production,  the  introduction 
of  the  scrap  process  was  out  of  the  question,  since  the 
quantities  of  scrap  necessary  for  working  the  process  were  not 
obtainable  at  sufficiently  low  prices.  There  thus  remained 
only  the  pig-iron  ore  process  as  a  possible  practical  solution. 
Various  experiments  undertaken  in  this  direction  gave  results, 
however,  which  were  not  sufficiently  favourable  to  admit  of 
an  entire  change  of  the  previously  satisfactory  methods  being 
contemplated. 

The  solution  of  this  difficult  problem  was,  however,  a 
matter  of  considerable  urgency,  the  time  having  arrived  to 
consider  the  complete  reconstruction  of  the  rolling-mill  plant, 
which  had  become,  in  part,  antiquated.  As  in  all  old  works, 
difficulties  on  account  of  space  caused  the  original  plan  of 
a  reconstruction  of  the  steel  and  rolling-mill  plant  on  the 
existing  site  to  be  abandoned,  and  necessitated  the  re-erection 
of  the  plant  on  a  site  distant  about  one  and  a  half  miles  from 
the  old  works,  so  as  to  allow  for  possible  future  expansion. 

The  following  fundamental  points  were  taken  into  account 
in  designing  the  new  plant  ：  (1)  Introduction  of  a  steel  pro- 
cess which,  in  addition  to  admitting  of  the  possibility  of 
manufacturing  the  most  diverse  qualities  of  steel,  would 
ensure  the  lowest  costs  of  production,  taking  the  local  condi- 
tions into  account.  (2)  The  entire  exclusion  of  steam  power, 
and  its  replacement  by  electrical  energy  with  a  view  to 
utilising  the  surplus  gases  from  the  blastfurnaces  and  coke 
ovens.  (3)  Selection  of  a  site  permitting  of  future  exten- 
sions in  the  various  departments.  (4)  Shortest  transport  of 
material  from  the  raw  product  to  the  finished  goods,  without 
hindering  the  normal  working  of  the  individual  departments. 
(5)  The  adoption,  wherever  possible,  of  travelling  cranes  for 
the  transport  of  the  intermediate  products,  and  leaving  the 
ground  and  the  space  between  the  various  rolling-mills  as  free 
as  possible  for  the  work  of  rolling  proper.  (6)  Uniform  floor 
level  for  all  departments.  (7)  Easy  accessibility  to  all  moving 
machine  parts  from  the  floor.  (8)  Replacing  manual  labour 
as  far  as  possible  by  mechanical  equipment  in  dangerous 
metallurgical  operations. 

After  fully  considering  the  above  points,  the  result  was 
the  plant  now  in  use,  which  comprises :  An  ennular  lime 
furnace  and  dolomite  plant  for  the  purposes  of  the  steelwork  ； 
the  track  for  conveying  the  raw  material,  terminating  in  an 
overhead  railway  provided  witli  bunkers  for  all  kinds  of  raw 
material  ；  a  producer  plant,  comprising  20  Kerpely  pro- 
ducers, for  generating  gas  for  all  metallurgical  and  reheating 

*  Paper  read  before  the  Iron  and  Steel  Institute,  Ma> ,  1914. 
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furnaces  ；  store-yard,  traversed  hv  rna^uoi  ic  travelling  vvnn 
for  scrap  and  solid  pi^  iron  ；  steelworks  plant  ；  ！ oheati 
f urnaco  building  ；  co^^in^  mill. 

By  the  side  of  tlio  latter  is  Iho  lary  I  l  aiist'oriticr  stat  i 


At  a  ri^lit  angle  、、.iUi  i  lie  co^jm^  mill  runs  a  distrihiitin^ 
ie(l，  in  which  travelling  cranes  convey  the  i oii^Ii  rolled 
aterial,  cut  into  suitable  lengths,  to  the  various  trains  of 
"lis  to  be  worked  up  direct;  or  they  pass  it  to  the  reheat- 


Fig. 


LONGITII DINAL  SECTION  AND  ELKVATION  OP  A  200- TON   TALROT   FvUNAf  E  AT  WlTKOWITX  IRONWC 


for  the  reversing  rolling  mills,  wliicli  are  driven  by  direct 
current.  Tn  the  rolling-mill  Imildiiigs  a i*e  housed  a  total  of 
】r>  trains  of  rolls,  namely,  1  arnioui-  plate  rolling  mill,  3  sheet 
rolling  mills,  2  universal  thill  trains,  ； i  reversing  billet  mill, 


ing  furnaces,  whence  they  are  taken  to  be  finished  in  the 
various  mills. 

Perpendicular  to  t  lie  rolling-mill  houses  are  the  buildings 
for  containing  the  hot  banks  and  straightening  appliances,  the 


!Hx^、、、rA《i?<>g^，  c，  ^W>>^g^;  、v^^wg^'^y^ 

-A ~  3510   1- 

Fig.  2.— Cross-section  of  a  200-ton  Talbot  Furnace  at  Witkowitz  Ironworks. 

having  rolls  850  mm.  diain"  a  rail  and  girder  train  of  the  latter  communicating  witli  each  other  by  three  large  transepts, 
same  diameter  of  rolls,  a  GOO  nun.  three-high  breaking-down  Connected  with  this  entire  system  of  buildings  are  the  stores 
mill,  and  the  medium  and  small  mill  trains.  for    rails    and    girders,    with    their    corresponding  cold- 
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straightening  plant,  and  also  the  bar-iron  bank.  The  entire 
plant  is  completed  by  various  auxiliary  workshops,  a  roll- 
turning  shop,  smithy,  fitting  shop,  administration  buildings, 
laboratories,  workmen's  dining-hall,  and  bathrooms,  &c. 

To  give  some  idea  of  the  extent  of  the  new  plant,  it  may 
be  mentioned  that  the  entire  steel  and  rolling-mill  plant  has 
a  covered  area  of  rouglily  105,000  square  metres,  and  that, 
in  addition,  various  store  yards  of  45,000  square  metres  area 
are  served  by  crane  tracks,  so  that  the  total  covered  area  may 
be  taken,  in  round  numbers,  as  150,000  square  metres. 

As  will  be  seen  from  the  previous  statement  of  the  number 
of  rolling-mill  trains,  we  have  to  deal  in  Witkowitz  with  a 
very  considerable  programme  of  rolling  operations,  in  con- 
nection with  which  it  must  be  mentioned  that,  having  regard 
to  the  limited  market,  only  relatively  small  quantities  of  each 
individual  type  of  rolled  goods  can  be  produced  ；  while,  on  the 
other  hand,  the  rolling  mills  have  to  supply  diverse  qualities 
of  ingot  iron  and  steel.  The  prospective  steelworks  had 
therefore  to  be  adapted  to  specific  Austrian  conditions,  which 
do  not  render  possible  a  bulk  production  in  the  sense  of  the 
large  West  German  ironworks,  but  necessitates  the  manufac- 
ture of  a  multiplicity  of  products,  by  which  alone  we  are 
enabled  to  attain  a  production  equal  to  that  of  a  medium- 
sized  ironworks  in  Germany.  Taking  these  circumstances 
into  account,  the  proper  selection  of  the  most  suitable  steel 
process  offers  real  difficulties. 

The  steel  process  to  be  selected  had  to  possess  the  pos- 
sibility of  producing  any  desired  quality  of  steel,  individual 
charges  being  carried  out  in  quick  succession,  and,  further, 
of  using,  as  scrap,  the  waste  produced  in  the  work  of  rolling. 
A  further  natural  assumption  was  the  necessity  of  producing, 
at  as  low  a  cost  as  possible,  a  pig  iron  of  medium  phosphorus 
content  suitable  for  the  production  of  the  finished  steel,  such 
as  would  be  produced  on  the  basis  of  the  conditions  already 
laid  down. 

With  a  view  to  solving  this  question,  we  devoted  a  con- 
siderable amount  of  time  and  study  to  all  previous  forms 
of  reverberatory  furnaces  -  and  it  is  my  pleasant  duty  at 
this  stage  to  offer  our  cordial  thanks  to  all  steel  and  iron 
companies  who  granted  facilities  for  a  thorough  inspection  of 
their  plant  with  this  object  in  view.  The  longer  and  more 
profoundly  we  considered  the  question,  the  more  we  recog- 
nised that  a  process  which,  in  the  case  of  a  particular  steel- 
works, gave  perfectly  satisfactory  results  from  a  qualitative 
point  of  view,  as  well  as  showing  favourable  figures  for  the 
cost  of  production,  could  not  at  once  be  applied  where  en- 
tirely different  conditions  prevailed.  The  directly  contra- 
dictory opinions  concerning  one  and  the  same  process  carried 
out  in  different  localities  are  generally  based  on  the 
difference  of  the  costs  of  production  for  pig  iron  and  in  the 
price  of  scrap.  Mr.  N.  Schock  has  already  referred  to  this 
point  in  his  interesting  paper,  read  at  the  general  meeting  of 
the  ((  Sudwest  "  Ironworks,  on  February  15th  last,  on  the 
economy  of  the  open-hearth  process  in  comparison  with  the 
basic  process.  I  will  refer  in  more  detail  to  this  paper  later 
on. 

As  a  result  of  our  preliminary  investigations,  we  soon 
arrived  at  the  conviction  that,  for  Witkowitz,  the  pig-iron- ore 
process  was  the  only  one  possible,  and  it  was  now  a  question 
of  determining  whether  it  would  be  more  satisfactory  to 
work  with  fixed  or  tilting  open-hearth  furnaces.  Favourable 
reports  were  to  hand  from  England  and  America  concerning 
the  use  of  tilting  furnaces  ；  but  a  difficulty  was  raised  by  the 
fact  that,  in  spite  of  the  gradually  increasing  production  of 
open-hearth  steel  in  Germany,  this  type  of  furnace  was  now 
practically  nowhere  employed.  Apart  from  the  undoubtedly 
higher  initial  cost  of  a  tilting  furnace  compared  with  one  of 
the  fixed  type  of  the  same  capacity,  the  relatively  higher 
maintenance  costs  of  the  former  type,  and  the  higher  expendi- 
ture of  fuel,  were  cited  as  against  this  type  of  furnace. 

With  regard  to  the  Talbot  process ― only  practicable  in 
tilting  furnaces ― a  fact  in  its  disfavour  was  that  (apart 
from  America  and  England)  it  had  not  been  able  to  find 
a  footing  in  the  other  steel-producing  countries,  in  spite  of 
various  reports  upon  the  favourable  results  obtained  with  it: 
this  was  all  the  more  surprising  since  the  first  75-ton  Talbot 
furnace  was  put  into  operation  at  Pencoyd,  U.S.A.,  in  the 


year  1898.  On  the  Continent,  the  Senelle  Ironworks  in 
France  was  the  only  establishment  which,  up  to  1906，  had 
begun  to  produce  steel  in  a  175-ton  Talbot  furnace.  This 
furnace,  however,  was  in  1908  again  shut  down. 

I  u  spite  of  these  by  no  means  encouraging  facts,  we 
decided  to  make  an  exhaustive  investigation  of  the  Talbot 
jn-ocess  and  its  application  to  our  conditions  ；  aud  with  this 
object  our  steel  experts  made  repeated  visits  to  England 
and  America,  and  also  to  Senelle.  We  were  not  able,  how- 
ever, as  the  result  of  those  visits,  to  come  to  a  definite 
decision,  inasmuch  as  in  each  of  the  plants  inspected  funda- 
mental differences  existed  between  their  conditions  and  ours, 
partly  as  regarded  the  composition  of  the  pig  iron  employed, 
aiul  partly  as  regarded  the  quality  of  the  products  produced. 
Another  fact  that  rendered  our  decision  more  difficult  was 
that  practically  everybody  offered  conflicting  opinions  and 
advice  as  to  carrying  out  the  process.  It  was  a  matter  of 
considerable  surprise  to  us  that  an  American  works,  which 
had  installed  a  number  of  Talbot  furnaces,  had  reintroduced 
in  a  second  plant  the  duplex  process,  which  we  had  found 
too  expensive,  and  wished  to  replace  by  some  other  process. 

A  very  considerable  objection  io  the  introduction  of  the 
Talbot  furnace  consisted  in  the  relatively  great  length  of 
hearth,  which  considerably  exceeded  the  dimensions  hitherto 
usual  with  us,  and  made  us  apprehensive  as  to  whether  it 
would  be  possible  to  obtain  uniform  heating  over  the  entire 
surface  of  the  bath  with  the  short- flamed  Ostrau  coal  at  our 
disposal.  (This  fear  has  happily  proved  to  be  unfounded 
since  we  adopted  the  large  furnaces).  In  order  to  arrive  at 
as  sound  a  judgment  as  possible  on  the  Talbot  process,  we 
asked  Prof.  Eichhoff,  conjointly  with  Mr.  von  Maltitz,  again 
to  visit  all  the  English  Talbot  plants,  and,  on  the  data  placed 
at  their  disposal,  to  give  an  expert  opinion.  This  was  in 
favour  of  the  adaptability  of  the  Talbot  process,  with  certain 
important  modifications,  to  meet  our  local  conditions.  As 
the  result  of  all  our  studies  we  recognised  that  we  would  have 
ourselves  to  elaborate  the  most  suitable  process  for  our  condi- 
tions, employing  generally  recognised  principles,  and  arrive 
at  the  basis  of  the  final  arrangement  of  our  steelworks  by 
large  scale  comparative  experiments. 

We  have  already  mentioned  the  distance  of  the  new  steel- 
works from  our  blastfurnace  plant,  and  this  fact  rendered  it 
desirable  at  the  outset  to  provide  a  pig-iron  mixer,  which,  in 
view  of  the  prospective  daily  production  of  800  tons  of  steel, 
could  only  take  the  form  of  a  mixer  capable  of  being  heated. 
Since  we  were  confronted  with  the  necessity  of  providing  a 
second  mixer  sooner  or  later  in  view  of  the  future  develop- 
ment of  the  plant,  and  for  tlie  purpose  of  having  the  neces- 
sary stand-by,  it  was  found  possible  for  us,  by  simultaneously 
installing  two  300-ton  (heated)  tilting  furnaces,  to  use  one  as 
a  pig-iron  mixer  and  the  other  as  a  Talbot  furnace,  and,  in 
case  the  Talbot  process  should  give  unfavourable  results,  to 
use  tlie  latter  as  a  second  mixer.  The  higher  capital  cost  of 
the  new  steelworks  necessitated  by  this  assumption  had  also 
to  be  taken  into  account. 

Since  we,  moreover,  entertained  certain  doubts  as  to 
whether  the  Talbot  process  would  at  once  be  suitable  for 
manufacturing  different  qualities  of  steel  in  rapid  succession 
from  charge  to  charge,  we  decided,  as  a  precaation,  on  the 
construction  of  three  fixed,  50  to  60-ton  open-hearth  furnaces 
for  the  purpose  of  simultaneously  melting  the  scrap  from  the 
rolling  mill.  For  the  purpose  of  estimating  tlie  difference 
between  fixed  and  tilted  furnaces  of  the  same  capacity,  a 
60-ton  Wellman  (tilting)  furnace  was  also  installed.  To 
complete  the  whole,  a  small  electric  steel  plant  comprising 
two  furnaces  of  2  and  6  tons  capacity  was  arranged  for,  the 
smaller  serving  as  a  furnace  for  remelting  ferro-manganese 
and  the  larger  for  the  manufacture  of  special  qualities  of 
steel. 

The  producer  plant,  comprising  20  Kerpely  producers, 
has  an  automatic  ash  ejector  and  a  conveyer  belt  traversing 
the  entire  plant,  which  empties  the  falling  ashes  into  a  col- 
lecting pit  situated  at  the  end  of  the  building,  whence  the 
ashes  are  loaded  into  wagons  by  the  grab  cranes.  In  the 
producer  building  two  Garbe  water-tube  boilers,  each  liaving 
a  heating  surface  of  220  square  metres,  are  erected,  these 
boilers  being  the  only  steam  generators  in  use  in  the  entire 
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steelworks  and  rolling  mills.  Tn  tlio  wintor  months  tlio  steam  | 山 was  ； inanK0(]  so  that  a  parlin.l.ir  -roup  cnuhl  U'  ""！ : ' , 
necessary  for  lieating  a  number  of  n>t>ins  was  taken  tmm  tho  r\'rliisi、'Hy  on  one  furnaro  ；  Init  the  initial  imml'cr  of  pro- 
small  steam  generathig  plant.  山 i('(ts  lia«l  lo  I"'  somewhat  mrrm(l,  nl'  ('"m"',  in  unU-v  to 


Fig.  3.— Longitudinal  Skctiox  and  Elkvatiox  of  a  50  to  G0-ton  Tit-ting  Fru\.\cK  at  Witkowttx  Ironworks. 


To  enable  the  consumption  of  fuel  for  eacli  individual  provide  the  necessary  reserve  for  each  individual  group, 
system  of  furnace  to  be  determined  in  a  reliable  maimer  in  Since,  however,  all  the  producers  deliver  into  one  masonry 
the  comparative  experiments  which  were  made,  the  producer     gas  main,  it  was  possible  to  secure   the   desired   ohj^i  t  l»y 


Fig.  4.— Cross-section  op  a.  50  to  60- ton  Tiltixci  Fi*iinaci:  at  Witkowitz  Ironworks. 
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introducing  partition  walls  in  the  main,  which  could  be 
removed  later  when  the  separate  working  of  the  producer 
group  was  no  longer  required.  In  order  to  obtain  the  required 
reserve  it  was  only  necessary  to  add  to  the  original  nurnlier 
of  producers  installed  the  number  which  had  in  any  case 
been  provided  for  when  planning  extensions.  Outside  the 
j>rod ucer  building,  under  a  working  platform  of  8  metres 
width,  are  situated  the  purifiers,  consisting  of  cylindrical 
retorts  lined  with  masonry,  in  which  the  preliminary  opera- 
tion of  separating  the  dust  and  tar  is  carried  out.  Under- 
neath the  purifying  chambers,  provided  with  water  seals,  an 
electrically-driven  truck  runs  in  a  trough  in  which  the  dust 
from  each  purifier  is  emptied  into  this  wagon  and  deposited 
in  a  separate  dust  pit  at  the  end  of  the  plant.  Between  the 
producer  plant  and  the  steelworks  building  is  the  stockyard 
for  scrap,  pig  iron,  and  ore,  these  stocks  being  traversed  by 
two  magnet  cranes  and  two  travelling  cranes.  The  charging 
boxes  are  filled  here,  being  taken  up  by  the  crane  travelling 
on  the  side  wall  of  the  steelworks  building  and  brought  to  the 
charging  platform,  where  they  are  taken  over  by  the  charging 
machines. 

The  steelworks  building  proper  comprises  two  houses, 
each  of  20h  metres  span,  and  a  total  length  of,  roughly,  200 
metres,  in  one  of  which  the  furnaces,  with  the  working  plat- 

Table  L- 


600  mm.,  and  holds  60  tons.  The  three  fixed  open-hearth 
furnaces  have  a  length  of  bath  of  10,000  mm.,  a  width  of 
3,600  mm.,  and  a  depth  of  bath  of  700  mm.  The  regenerator 
chambers  for  the  preliminary  heating  of  gas  and  air  are 
situated  somewhat  to  the  back  towards  the  working  platt'oirn, 
and  all  have  easily  accessible  slag  pockets.  This  arrangement 
has  necessitated  the  regenerator  chambers  being  built  to  lie 
somewhat  low,  giving  somewhat  longer  uptakes. 

The  Talbot  furnace  has  one  inlet  port  for  gas  and  one  for 
air,  while  the  Wellman  furnace  and  the  fixed  open-hearth 
furnaces  each  have  two  inlet  ports  for  gas  and  air ― an 
arrangement  which,  on  any  future  reconstruction,  we  should 
modify  so  as  to  secure  uniformity  with  the  Talbot  furnaces. 
All  furnaces  have  interchangeable  ends,  constructed  on  the 
Friedrich  system.  The  chimneys  for  the  two  large  tilting 
furnaces  are  55  metres  high  and  2' 135  metres  in  internal 
diameter;  those  for  the  four  other  furnaces  are  55  metres 
high  and  2  metres  internal  diameter. 

On  the  working  platform,  behind  the  furnaces,  run  two 
electrically-driven  charging  machines,  and  above  them,  two 
50- ton  travelling  cranes  for  the  transport  of  pig  iron  and 
mixer  iron,  each  of  these  having  a  15 -ton  auxiliary  crab. 
The  casting  house  (Fig.  5)  is  traversed  by  two  80-ton  casting 
cranes,  each  having  a  20-ton  auxiliary  crab  ；    while,  on  a 

ixon  of  Furnaces. 


Furnace. 

Dimensions  of 
Hearth*. 

Capacity  of 
Chamber  for 
each  Half  of 

Furnace.f 

Average  Weight  of  Charge. 

Daily  Production 
with  Pig  Iron 
containingj 

Production  per 
Square  Millimetre 
Hearth  Area  with 
Pig  Iron  con- 
tainingj 

One  Ton  of  Steel 
is  produced  with 
Pig  Iron  con- 
tainingj 

Kilos  of 
Sla<r  per  Ton 
of  Yield  ；  Vi<s 
Iron  containing^ 

Total  P,.205  of  the 
Slag  ；  Pi 2  Iron 
containingj 

Per  cent.,  Chemical  combincil 
Iron  in  the  Slag. 

Length. 

Width. 

Area. 

o 

< 

1-1  per- 
cent. P. 

1  *7  per 
cent.  P. 

1  •  1  per 
cent.  P. 

1  -7  per 

cent.  P. 

cent.  P. 

i— ( 

1  •!  per 
cent.  P. 

1  -7  per 

cent.  P. 

1  -1  per 

cent.  P. 

1  -7  per 
cent.  P. 

m. 

wf. 

Tons. 

Tons. 

Tons. 

Tons. 

Tons. 

Mins. 

Se3s. 

Mins. 

Sees. 

Kilos. 

Kilos. 

Per 
cent. 

Per 
cent. 

Per  cent. 

Talbot   

14-4 

3-95 

53 '8 

68 

115 

G5-6 

320 

295' 

r»  -!H 

5*48 

4 

30 

4 

53 

155 

187 

15-1 

10-1 

Circular  9 

Wellman    . . 

10-5 

3-75 

30-4 

6S 

101 

(>2  -8 

200 

175 

r>  -M) 

4-81 

12 

8 

13 

200 

250 

13-2 

C  ireular  0  *5 

Open-hearth 

10 '0 

3  GO 

33  -0 

68 

101 

170 

150 

5-15 

4-54 

8 

1) 

36 

175 

210 

11-2 

14-2 

Circular  10  -5 

Mixer  

I" 

4*50 

(>l-0 

68 

115 

ca.  30 

450 

= 500 

ca 

. 8 

Circular  G 

*  Hearth  dimensions  at  height  of  bath  、vith  an  average  charge.    Wulth=  maximum  width. 
卞 Chamber  capacity,  i.e.  the  part  of  chamber  filled  with  bricks=  capacity  of  choquer  work + spaces. 
X  Assumed  ：  Talbot  with    5  per  cent,  scrap  \ 

Wellman  、vith  13  per  cent,  scrap    Y  and  using  mixer  iron. 
Open  hearth  with  25  per  cent,  scrap  j 
The  mixer  production  is  entirely  dependent  on  charge  and  output  of  pig  iron. 


form,  and  in  the  other,  the  casting  platforms  and  ladle  shop, 
are  installed.  In  the  furnace-house  are  installed,  as  has 
already  been  stated,  two  large  tilting  furnaces  of  nearly  simi- 
lar construction,  the  only  difference  being  in  their  capacity, 
owing  to  the  difference  in  lining.  Whereas  the  furnace  used 
as  a  mixer  (capable  of  being  heated)  holds  300  tons  of  liquid 
pig  iron,  the  Talbot  oven  is  lined  so  as  to  hold  200  tons. 

As  may  be  seen  from  Table  L，  both  furnaces  have  a 
length'  of  bath  of  14,400  mm.  ；  and  in  the  Talbot  furnace 
(Figs.  1  and  2)  a  breadth  of  bath  of  3,950  mm.,  and  in  the 
mixer  of  4,500  mm.  ；  a  depth  of  bath  of  900  mm.  in  the 
Talbot  furnace,  and  1,070  mm.  in  the  mixer,  the  total  length 
of  the  tipping  frame  being  16,940  mm.  The  other  dimen- 
sions may  be  seen  on  reference  to  the  drawing. 

In  distinction  to  the  type  of  furnace  largely  used  in  Eng- 
land, with  removable  ends,  our  two  tilting  furnaces  have 
fixed,  interchangeable  ends  on  the  Friedrich  system,  between 
which  the  hearth  can  be  moved,  by  hydraulic  cylinders,  about 
an  axis  passing  through  the  centre  of  the  two  gas  ports,  an 
arrangement  offering  considerable  advantages.  All  cooling 
rings,  as  well  as  doors  and  door  frames,  are  water-cooled,  and 
tlie  doors,  chimney  dampers,  and  reversing  gears  are  driven 
by  electric  motors. 

The  tilting  Wellman  furnace  (Figs.  3  and  4)  lias  a  length 
of  bath  of  10,500  mm.,  a  width  of  3,750  mm.,  and  a  depth  of 


second  track,  situated  at  the  higher  level,  is  a  50-ton  crane 
provided  with  a  15 -ton  auxiliary  crab.  In  addition,  for 
transporting  lesser  loads,  various'  bracket  travelling  cranes 
are  installed. 

The  working  procedure  is  as  follows  ：  The  pig  iron  is 
brought  to  the  steelworks  from  the  blast  furnaces,  situate  at 
a  distance  of  rather  less  than  1^  miles,  in  standard  gauge 
ladle  trucks  each  of  30  tons  capacity.  These  ladles  are 
thoroughly  pre-heatecl  with  blastfurnace  gas,  and  after  filling 
are  closed  with  a  cover  lined  with  refractory  bricks,  thus 
obviating  (1)  spurting  of  the  material  during  the  relatively 
long  journey  ；  (2)  any  large  amount  of  cooling  of  the  pig  iron 
even  when  the  full  ladles  are  left  standing  for  some  hours. 

The  pig-iron  ladles  are  first  brought  into  the  steelworks 
casting  house,  and,  on  the  Jid  having  been  removed,  they  are 
hoisted  up  by  the  50-ton  crane  and  placed  on  a  bogie  on 
the  working  platform  between  the  mixer  and  the  Wellman 
f u rnace,  which  runs  between  the  casting  house  and  the  fur- 
nace house.  The  50-ton  crane  in  the  latter  house  takes  over 
the  ladles,  emptying  their  contents  into  the  mixer  through 
one  of  the  openings  in  the  door  (Fig.  5).  The  mixer,  before 
introducing  the  pig  iron,  is  charged  with  about  3*5  per  cent, 
ore  and  about  1  per  cent,  limestone. 

As  a  result  of  experiments,  it  has  been  found  to  be  most 
advantageous  to  use  the  mixer  chiefly  as  a  collecting  vessel, 
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furnaces  last  as  long  as  possible,  we  employ  pig  iron  con- 
taining, on  the  average,  below  1  \)vv  (viit.  of  silicon,  we  always 
attempt,  as  far  as  possible,  to  remove  this  latter  impurity 


in  tlie  】mxer，  which  is  done  vvilhoiit  diHicult y.  Tin-  I'm'' 
tion  of  keeping  down  the  sulphur  content  of  pig  iron  ；卜 nui'-li 
as  possible  is  fulfilled  by  tlie  mixer  all  the  more  easily  since 
we  were  able  to  ascertain  hy  numerous  experinienth  tliat  in 
some  cases  up  to  50  per  cent,  of  the  original  sulphur  content 
can  be  removed  du ring  the  transport  of  the  pig  iron  in  t Ik- 
ladles.  Taking  the  mean  of  an  extensive  series  of  exp*'ri 
nients,  it  was  found  that  the  average  decreaHe  of  the  sulj'lmi. 
in  the  pig-iron  ladles  was  36'5  per  cent.,  and  of  the  man- 
ganese 12*06  per  cent. 

Since  with  the  type  of  ladle  selected  no  appreciable  scale 
is  formed  even  when  the  liquid  pig  iron  is  kept  in  the  ladle 
for  a  number  of  hours  (individual  ladles  were  allowed  to  stand 
for  four  hours  for  the  purpose  of  the  experiments),  tlie  work 
can  he  arranged  so  that,  according  to  tlie  requirement  oi' 
the  open-hearth  furnaces,  mixer  iron  can  be  taken,  a 
which  the  operation  of  refilling  with  fresli  pig  iron  is  carried 
out.  Table  II.  shows  the  average  composition  of  the  in", 
used  in  our  various  experiments,  as  also  the  average  composi- 
tion of  the  mixer  iron  and  mixer  slag  relating  thereto. 


TAliLE  II. 一 A  rerfff/r  .  I  〃〃/,/.、'  >. 


('/)  Pi^  Iron. 

(b)  Mixer  Iron. 

Mn.  per 
cent. 

Si.  per 
cent. 

P.  per 
cent. 

S.  per 
cunt. 

Mn.  per 
cent. 

8i.  per 
cent. 

P.  per    S.  per 
cent.  cent. 

2-11 

0-83 

0-55 

0*07 

2-09 

0-72 

0-77 

IM"i 

Mixer  not 

ui  operation. 

1  -82 

0  -54 

0-!)7 

0-07 

l-«7 

0  •(»<) 

1  -08 

0  0(i 

， 0  -94 

0-2L 

1  07        0  04 

0-(i!) 

0-07 

0-97 

0-2.5 

1  -48        0  04 

1 -5G 

0-50 

1-74 

0-07 

0*80 

0-17 

1  -67       0  03 

(c)  Mixer  .Slag. 


With  a  Pi^  Inm 
containing 

Si(  »_,  |irr 
cent. 

P.  per 

cejit. 

二" 
c 

P  =  1  "1  per  cent  

1-78 
1-96 

The  quantity  of  liquid  pig  iron  dealt  with  in  the  mixer  in 
24  hours  is  roughly  500  tons,  thus  giving  an  average  daily 
production  per  square  metre  of  about  8  tons,  with  a  lieartli 
area  of  61  square  metres.  The  following  average  charge  was 
employed  per  ton  of  mixer  iron : -— 

Kilos. 

Pig  iron,  liquid   967 

Pig  iron,  charged  cold    29 

Ore    35 

Limestone   10 

Since  the  start  on  May  10th,  1913,  150,000  tons  (rouglily) 
have  been  produced  during  the  entire  working  period,  the 
average  fuel  consumption  being  60  kilos  per  to  a.  The  yield 
obtained  is  approximately  100  per  cent.  Up  to  the  】>r*  、'  f  i 
no  appreciable  repairs  have  been  necessary  to  the  mixer 
lining,  and  we  still  anticipate,  in  view  of  the  present  st;itc 
of  preservation,  carrying  out  a  fairly  considerable  number  of 
heats. 

1  a  order  to  be  able  to  introduce  the  liquid  pig  iron  from 
the  blastfurnaces  into  the  mixer,  even  in  cases  in  which  for 
some  cause  the  standard  gauge  track  leading  into  the  >tw\ - 
works  casting  house  cannot  be  used,  or,  in  the  event  of  the 
50-ton  pig-iron  crane  sustaining  any  damage,  the  ladle  tnu-ks 
can  be  brought  on  an  auxiliary  line  directly  below  the  work- 
ing platform  of  the  furnace  house,  whence  the  ladle  would  he 
taken  over  by  one  of  the  50-ton  travelling  craiu's. 

As  has  already  been  pointed  out,  we  endeavour  as  far  as 
possible  to  reduce  the  amount  of  refining  carried  out  in  t\\v 
heated  mixer,  such  work  being  ！ nainlv  confined  to  the  oxida- 
tion of  the  silicon  and  a  portion  of  the  manganese,  in  which, 
incidentally,  considerable  desulphurisation  of  the  pig  iron 
takes  place.  Tlie  main  advantage  of  the  mixer  is,  from  our 
point  of  view,  that  it  is  perfectly  iiulej)endent  of  the  workiiii: 
of  the  blastfurnaces,  in  that  the  finishing  furnaces  alwavs 


without  carrying  out  in  it— as  is  done  in  a  mimhcr  of  works 
― any  consideraMt'  ； iniount  of  refilling.  Altliougli,  for  I  lie 
purpose   of   making   the   hearth    linings       the  open  lieartli 
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h;t\c  at  their  disposal,  without  any  waiting,  the  quantity  of 
mixer  iron  whicli  tliey  require  with  a  uniform  chemical  com- 
position. The  increase  in  production  of  the  steel  furnaces 
since  the  mixer  was  put  into  operation  has  been  found  to  be 
roughly  30  per  cent.  At  the  same  time,  however,  it  is  always 
possible  to  me】t  certain  quantities  of  cold  pig  iron  and  even 


su))]>]ied  through  a  distrilniting  box  B  from  a  pipe  C.  The 
distributing  box  is  provided  with  an  emergency  cock  D  wliich, 
in  one  position,  admits  oil  to  tlie  Imrners  A，  while  in  another 
position  it  cuts  off  the  oil  supply  from  these  burners  and  at 
the  same  time  admits  steam  through  the  valves  E  to  the 
burners  A，  thereby  blowing  out  any  oil  and  preventing  car- 


FlG.  1. 


fig. 


Fig.  3. 


Liquid  Fuel  Bitbning  Systkm  for  Locomotive  Boilers. 


scrap  in  the  mixer  without  any  appreciable  increase  in  the 
fuel  consumption.  The  mode  of  operation  of  the  finishing 
furnaces  is,  of  course,  different  in  the  case  of  the  Talbot  fur- 
nace than  in  the  case  of  the  Wellman  tipping-furnace  and  the 
fixed  open-hearth  furnaces. 

(To  be  continued.) 

LIQUID  FUEL  BURNING  SYSTEM  FOR  LOCOMOTIVE  BOILERS. 

A  systkm  of  oil  burning  applicable  to  locomotive  boilers  lias 
recently  been  designed  and  patented  by  Mr.  Andrew  Laing, 
of  15，  Osborne  Road,  Newcastle-on-Tyne.    This  is  shown  in 


bonisation  of  the  same.  The  steam  is  also  delivered  to  the 
blow-through  cocks  F  by  pipe  G,  which  branches  off  from  the 
steam  supply  pipe  H  to  the  oil  pump  J,  and  these  cocks  are 
fitted  so  that  steam  can  be  admitted  to  any  one  burner  for  the 
purpose  of  clearing  that  particular  burner  of  oil,  inde- 
pendently of  the  remaining  burners.  The  oil  fuel  pump 
draws  oil  from  a  tank  or  reservoir  which  may  be  situated  in 
the  engine  tender  and  connected  with  the  suction  inlet  of  the 
pump  by  a  flexible  pipe  and  delivers  the  oil  to  a  heater  K 
and  thence  through  a  filter  to  the  supply  pipe  C  leading  to 
the  distributing  box.  Steam  is  supplied  to  the  pump  J 
through  pipe  H,  from  which  latter  pipe  branch  leads  to  the 


Fig.  5. 

Liquid  Fuel  Burning  System  for  Locomotive  Boilekh. 


the  cuts  herewith,  of  which  Figs.  1  and  2  show  the  general 
arrangement,  Figs.  3  and  4  longitudinal  sections  of  the  fur- 
nace, showing  different  dispositions  of  the  fuel  burners,  and 
Fig.  5  the  distributing  valve  box.  The  firebox,  wliich,  to- 
gether with  the  bridge,  has  a  lining  of  refractory  material,  is 
provided  with  a  number  of  oil  burners  to  which  the  oil  is 


heater  K  through  a  regulating  cock  L,  actuated  by  a  lever 
simultaneously  with  the  emergency  cock  D,  so  that  when  the 
oil  supply  is  cut  off  from  the  burners  A  the  steam  supply  to 
the  heater  is  correspondingly  reduced.  In  addition  to  the 
valves  mentioned  the  various  parts  of  the  apparatus  are  pro- 
vided with  manually-operated  regulating  or  shut-off  valves, 
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and  one  or  more  pressure  gauges  arc  also  fittcci  to  show  fJic 
oil  pressure  at  one  or  more  points  of  tlie  installation. 

Tlie  distributing  box  H,  in  addition  to  ("'livery  to 
burners,  also  delivers  through  a  by-pass  v;ilv(>  M  to  a  pipe  N 
leading  to  the  suction  side  of  Hie  pump  so  as  to  rnuinl ain  a 
circulation  of  oil  \\1hmi  tlie  emergeiu')  cock  is  tiirmul  to  cut 
oil'  the  main  burners.  This  hy-pass,  like  tlie  l>iini("'s  ilicin- 
sclves,  is  fitted  witli  ； i  regulator  controlling  the  flow  of  oil 
tliGretlirough.  The  valve-box  body  is  divided  into  two  |>()r- 
iions  W  and  X  l)y  the  emergency  valve  D，  the  portion  X  乂 
connected  to  the  hurm'i's  A  adapted  to  be  cut  oil  simul- 
taneously by  the  emergency  valve  D.  Tlie  otlicr  portion  \\T  i^ 
connected  hy  n  (lange  joint  with  the  oil  supply  pipe  C.  A 
main  oil  chauiu'l  ()  runs  throughout  t lie  v;ilv('- l)()x  and  is 
connected  by  suitable  ports  to  the  supply  pipos  P  leading  to 
ll»e  three  burners,  valves  Q  for  inclej)endent  n'"mi;ifimi  o!' 
the  flow  through  these  pipes  Ixmm^  fitted  in  the  box.  A  ])ort 
in  the  channel  ()  also  coiiununicates  with  the  pipe  M  adapted 
to  permit  of  a  continuous  circulation  of  oil  through  tho  pump 
wIumi  the  burners  are  cut  off,  and  a  valve  R  is  pi'ovi(lt"l  lor 
iii(lt'])t'iKlently  cutting  ofT  or  regulating  the  flow  through  Hit- 
pipe.  The  burner  S  being  the  pilot  or  station  l)urner， 
adapted  to  be  constantly  alight,  and  tlie  pipe  M  arc  con- 
nected to  part  W  of  the  valve-box,  which  is  always  in  con- 
nection with  the  oil  supply  ；  whilst  tlie  burners  A,  adapted 
to  be  cut  off  on  an  emergency  simultaneously,  are  n('('"'(l 
to  the  part  X.  The  emergency  valve  D  is  arranged  so  that 
it  can  close  the  main  oil  channel  ()  and  cut  off  the  supply 
of  oil  to  the  part  X  of  the  valve-box.  A  steam  sii]>]>ly  ]>i|>e 
T  is  also  connected  to  valve  D  by  the  port  U}  which  is  also 
provided  with  a  port  V,  the  ports  being  arranged  in  such  a 
inaniier  that  when  the  valve  D  is  ])artially  turned  steam  is 
directed  therethrough  into  the  part  X  of  the  valve-l)ox  and 
so  to  the  burners  to  blow  out  an v  oil  reniainiii^  therein.  A 
further  movement  of  the  valve  D  cuts  off  both  oil  and  steam. 
Independent  steam  connections  are  also  made  through  tlie 
va】ve-box  to  the  burner  supply  pipes  and  are  provided  with 
cocks  so  that  steam  may  be  blown  through  each  bun""' 
independently  of  the  others.  A  thermometer  may  be  pro- 
vided on  the  valve  box  to  indicate  tlie  temperature  of  the  oil. 

In  the  furnace  illustrated  in  Fig.  3  the  burners  are  fitted 
in  the  front  plate  of  the  firebox,  the  burner  nozzles  projecting 
inwardly  within  sleeves  extending  through  tlie  water  spare 
included  between  the  front  plate  of  the  firebox  and  the  boiler 
plate,  the  nozzle  being  preferably  given  a  slightly  downward 
inclination,  as  shown.  Air  is  supplied  for  the  combustion  of 
the  fuel  both  through  the  sleeves  and  also  through  air  inlets 
in  the  outer  and  inner  walls  of  the  firebox,  which  are  con- 
trolled by  dampers.  In  the  modified  construction  of  fur- 
nace shown  in  Fig.  4  the  burners  project  through  sleeves,  but 
extending  through  the  inner  or  forward  wall  of  the  firebox 
so  that  the  oil  and  products  o f  coni1)iistion  are  projected 
rearwardly  under  the  bridge  towards  the  front  end  of  the  fire- 
box. 


CORES,  WITH  SPECIAL  REFERENCE  TO  CORES  OF 
SILICA  SAND. 

BV  F.  C.  PULSFORD,  A.M. INST. M.E. 

Some  years  ago  tlie  company  witli  whom  1  was  engaged 
experienced  considerable  difficulty  in  th  -  rtMuoval  of  core 
irons  from  castings  of  light,  hollow  form,  and  it  was  with 
some  amount  of  incredulity  that  my  proposal  was  received  to 
make  the  cores  without  irons,  rods,  or  sujiports  of  anv  kind. 
There  did  not  appear  to  be  any  literature  on  the  subject  to 
guide  one.  Advertisements  for  foremen  with  a  working 
knowledge  of  such  method  did  not  yield  a  satisfactory  result, 
and  as  my  own  foreman  was  somewhat  sceptical  ； nul  unsym- 
]>athetic,  I  proceeded  alone  witli  my  experiments  At  that 
time  great  pressure  of  business  prevented  my  giving  adequate 
attention  to  the  subject  during  the  usual  working  hours,  so 
I  proceeded,  as  will  now  be  described.  The  first  essential 
was  time,  which  I  volunteered  out  of  my  evenings:  then  a 
few  gallons  of  core  compound,  which  I  obtained  from  ilir 
United  States  of  America.    It  was  Syracuse  core  oil.  Whilst 

*  PaiR'r  prosentod  at  the  annual  convontiou  of  the  liritish  Foundry uicn's 
Association,  Loiccbter,  May  V2th  to  1  Hh,  1911. 


the  compound  was  l)eiii^f  con vcyed  ； htoss  tlie  Atlantic  I  wa^ 
hustling  around  for  a  sharp  santl,  clicap,  and  of  suit;il»lc  linc- 
ness,  and  obtained  a  sack  Iron!  tlu-  Wcvnioutli  ion-slioic 

Well,  eventually  the  suj)j)ly  of  lirjuid  core  compound  was 
delivered,  also  the  sharp  santl,  after  which  the  real  trouble 
coinrneiiced.  The  ad  vised  (juantity  of  core  coinpound  was 
inixed  with  water,  applied  lo  tlie  yen  sand,  and  after  niuch 
tuniin^  and  niixing  of  the  sand  to  ensure  every  grain  liaviii^' 
a  rubbing  acquaintance  with  its  neighbour,  I  coriirnenced  oil 
the  ramming  operation,  and  duly  stoved  the  core,  giving  it  an 
over-night  drying.  Tlie  outcome  was  most  unsatisfactory. 
It  was  evident  that  I  had  used  too  "iii'  li  muscle  but  too  little 
brain,  with  the  result  that  tlie  core  was  most  obstinately 
glued  to  the  iron  box  in  which  it  was  dried,  and  was  only 
removed  from  it  by  a  fettler's  hammer  and  chisel.  1  would 
point  out  here  that  the  important  factor  of  temperature  in 
the  drying  stove  was  an  unknown  quantity.  The  core  stove 
was  of  the  ordinary  coal-fired  variety,  and  ha  J  done  service 
for  25  years.  It  was  of  the  pudding-bag  type ― the  entrance 
was  also  the  exit ~ firing  also  being  done  from  the  same  end. 

1  mixed  another  quantity  of  sand,  using  the  Syracuse 
liquid  compound,  bub  I  added  to  the  sea  sand  a  proportion 
of  spent  sand  from  the  fettling  shop  ；  one  part  of  old  s;m(l 
to  two  parts  of  new  sea  sand.  The  core  was  also  more  care- 
fully dried,  and  not  having  had  so  inucli  fire  was  more  satis- 
factory. I  proceeded  along  these  lines  until  I  began  to 
collect  a  few  cores,  which  were  hung  around  my  office  as  an 
evidence  that  something  was  being  done.  Hereabout  a  new 
trouble  appeared.  The  cores  were  36in.  long,  of  oval  sectiou, 
about  3in.  by  |in.?  and  were  continued  around  the  end  of 
the  box,  giving  three  legs  coupled  up  together  at  both  ends. 
The  cores  contracted  a  little  whilst  drying,  and  as  it  was 
necessary  to  give  a  slight  tap  to  the  core  box  to  loosen  the 
core  from  its  walls,  fracture  invariably  occurred.  I  patclicd 
up  a  few  cores  with  core  gum,  and  by  such  means  succeeded 
in  obtaining  a  cast.  The  result  was  most  satisfactory  ；  the 
core  withstood  the  pressure  of  casting,  and  when  the  casting 
cooled  off  a  few  taps  with  a  wooden  mallet  removed  the  core, 
leaving  a  bright  glossy  interior  to  the  casting,  which  was  one 
of  the  problems  I  had  to  solve. 

Experiments  with  cores  of  different  sections  were  still 
more  successful.  Core  pans  were  made  with  all  sharp  edges 
worked  into  an  easy  radius.  A  little  dry,  or  parting  sand, 
dusted  on  the  face  of  the  core  pans  solved  the  difficulty  of 
both  contraction  and  adherence.  Such  results,  however,  were 
not  readily  attained.  Numerous  experiments  were  made  witli 
several  American  liquid  coinpoiuids,  also  linseed  oil,  cotton- 
seed oil,  and  fish  oil,  but  the  most  satisfactory  result  was 
secured  by  using  the  production  of  the  C.  E.  Mills  Company, 
of  United  States  of  America.  iIt  was  a  compound  which 
more  nearly  resembled  linseed  oil  than  any  of  the  others  I 
had  used.  Patent  gums,  resin,  pea  flour,  and  many  other 
compositions  were  brought  into  requisition,  but  the  C.  E. 
Mills  oil  binder  was  the  only  one  that  gave  all-round  work- 
able results.  Its  chief  drawback  was  its  higli  cost.  This 
result  and  opinion  had  taken  a  long  time  to  obtain,  for  the 
experiments  passed  through  many  vicissitudes,  little  svui- 
pathy  and  no  encouragement,  until  it  seemed  to  me  that 
failure  and  not  success  would  be  more  vigorously  welcomed 
by  rny  colleagues. 

At  this  period  personal  contact  with  the  managing  dine 
tor  resulted  in  my  visiting  the  United  States,  where,  although 
I  carried  numerous  letters  of  introduction,  these  failed  to  gt、t 
me  into  most  of  the  plants  I  was  anxious  to  visit,  and  wli'  r'' 
I  could  observe  for  myself  what  was  being  done  on  similar 
work.  Eventually  I  did  succeed  in  getting  on  the  sand  floor 
of  two  plants,  and  tlie  observations  I  made  were  sufficient 
to  indicate  I  was  proceeding  on  right  lines  at  home.  When  I 
returned  here  I  continued  on  the  old  lines  witli  the-  Mills 
compound  until  eventually  I  got  hold  of  a  foreman  who  had 
had  some  Yankee  experience.  He  was  young  and  enthusias- 
tic, and  so  fell  in  with  my  ideas,  and  with  liis  sympathetic 
assistance  tlie  result  I  had  anticipated  seemed  assu red,  ami 
eventually  became  an  accomplished  t'art.  With  tlie  foreman's 
co-operation  these  special  cores,  without  rods  or  support^  of 
any  kind,  were  further  cheapened  liv  the  introdurtion  of  cold- 
clrawu  cod  oil  as  a  substitute  for  tlie  Mills  conipouncl,  and 
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also  by  the  addition  of  black  floor  sand.  Beeston  Rock  sand 
and  Bedford  pit  sand  were  also  introduced  instead  of  Sutton 
sea  sand,  which  we  were  then  using,  until  we  were  able  to 
produce  all  our  intricate  cores  without  rods  or  supports,  or 
with  the  minimum  support  where  experience  suggested  such 
was  advisable.  The  outcome  of  these  re-arrangements  was 
very  satisfactory,  for  we  were  now  able  to  improve  the  fineness 
on  the  interior  of  the  castings,  at  the  same  time  to  decrease 
the  cost  of  the  cores,  and  also  to  obtain  the  oil  from  our  home 
markets,  which  was  an  advantage,  as  it  enabled  us  to  carry 
less  stock.  My  experiments  with  these  cores  lead  me  to  the 
following  as  being  the  best  mode  of  procedure  ： ― 

Mixing, — Care  must  be  taken  with  the  mixing.  It  is  pre- 
ferable to  well  mix  the  old  floor  sand,  the  Beeston,  Bedford, 
and  spent  sand  thoroughly  whilst  in  a  dry  state.  The  mixing 
is  best  done  by  hand.  When  using  a  mixer  of  the  centri- 
fugal type  the  heavier  grains  of  sand  separate  from  the 
lighter  particles  at  different  points  and  an  unequal  mixture 
results,  the  coarse  grains  being  at  the  extreme  edge  of  the 
mixture,  as  will  be  well  understood.  After  the  sand  has 
been  thus  thoroughly  mixed  by  hand,  the  oil  should  be  added. 
If  it  is  necessary  to  add  water  it  is  best  to  add  it  to  the  oil 
and  well  mix  until  emulsified.  After  thoroughly  turning 
over  the  sand  and  oil  mixture  a  few  times  it  should  be  passed 
through  a  Jin.  mesh  riddle. 

Ramming. ― Don't  ram  hard.  A  dolly  rammer  is  all  that 
is  necessary  unless  the  box  is  too  small  for  such  a  tool.  In 
any  case,  whatever  core  is  being  made,  the  sand  only  requires 
to  be  tightly  tucked  home. 

Patching  and  Venting* ― Free  vents  are  essential  as  a  lot 
of  gases  have  to  escape  when  pouring.  With  oil-sand  cores 
no  patching  nor  external  venting  is  necessary.  Coke  breeze, 
hay,  &c"  aud  all  the  ramifications  a  coremaker  needs  to 
secure  "  a  good  job  "  are  dispensed  with  ；  the  time  required 
to  iron  weak  parts,  the  difficulty  of  ramming  around  these, 
aud  the  cost  of  irons,  may  be  eliminated  from  much  of  the 
work  in  the  core  shop  by  the  adoption  of  oil-sand  cores.  The 
method  is,  of  course,  more  ideal  where  repetition  work  is  a 
speciality,  but  it  can  with  advantage  be  adopted  for  much  of 
the  jobbing  work  passing  through  our  foundries  every  day. 
The  method  requires  perseverance  to  achieve  success,  also  the 
breaking  down  of  foolish  opposition,  which  usually  emanates 
from  the  ignoraut  or  prejudiced,  or  perhaps  from  the  person 
who  is  content  to  do  as  his  father  did  before  him,  considering 
that  way  good  enough.  Objections  have  been  raised  to  the 
use  of  oil-sand  cores  on  account  of  the  odour  when  casting. 
When  pouring  off  a  good  deal  of  gas  is  generated,  but  a 
reasonably  ventilated  foundry  is  able  to  deal  successfully  with 
the  fumes.  No  evil  effects  attend  the  men  who  work  this 
process.  We  have  been  busy  with  it  for  11  years  and  the 
men  have  no  fault  to  find. 

JJryiny, ― Experience  has  shown  that  the  term  drying  is 
not  suitable.  The  process  is  better  termed  baking.  Care 
must  be  exercised  at  this  stage,  otherwise  a  whole  oven-full 
of  cores  may  be  scrapped  ；  for  after  a  certain  temperature 
the  cohesion  of  the  sand  particles  diminishes  and  the  cores 
become  useless.  We  have  long  since  used  a  recording  pyro- 
meter of  the  Bristol  type,  and  we  find  if  the  cores  are  baked 
at  about  400°  Fah.  satisfactory  results  are  obtained.  These 
cores  will  remain  good  for  days  after  baking,  even  if  removed 
from  the  stove,  as  they  do  not  absorb  moisture  like  the  usual 
loam-sand  core. 

Core  Pans  or  Shelh. ― If  the  job  on  hand  is  not  repeti- 
tion work,  oil-sand  cores  may  still  be  used  by  the  judicious 
adoption  of  frames  which  will  surround  the  core.  If  such  a 
frame  is  being  used,  ordinary  damp  spent  floor  sand  can  be 
packed  around  the  core  and  well  secured  by  pressure,  but  this 
pressure  must  not  be  enough  to  distort  the  shape  of  the  core, 
which  is  very  fragile  and  practically  without  bond.  The  cores 
sliould  be  covered  with  an  ordinary  carrying  plate,  turned 
over  and  out  of  the  core  box  just  as  would  be  done  with 
ordinary  cores.  On  account  of  the  economy,  the  facility  of 
production,  and  the  ease  with  which  the  fettlers  can  perform 
the  interior  cleaning,  I  can  with  confidence  recommend  the 
method  to  the  careful  consideration  of  foundrymen. 

( I  iccn-^tnd  〃o/v'.s'. —— During  last  year  I  introduced 
into  our  foundry  the  manufacture  of  green-sand  cores  for 


bends,  tees,  and,  straight  pipes.  Our  foreman  is  a  real  good 
fellow,  but  trained  in  the  old  school,  and  about  as  conserva- 
tive as  you  could  find.  He  walked  past  a  new  repeat  pipe 
job  day  after  day  until  the  ultimatum  was  made  to  him  to 
put  the  job  in  work,  or  I  would.  He  confessed  he  was  afraid. 
Thousands  of  tons  of  metal  are,  of  course,  being  poured  every 
year  in  various  districts  of  the  country  with  green-sand  cores, 
but  here  we  are  encompassed  with  prejudice.  Needless  to 
say,  the  introduction  proved  successful  here,  and  as  there 
is  not  anything  new  in  it，  I  claim  no  achievement  I  merely 
mention  the  fact  as  an  instance  of  what  can  be  done  by  per- 
severance and  determination  to  succeed,  but  this  must  be 
backed  by  some  knowledge  of  the  ironfounder's  art,  an 
intelligent  conception  of  its  possibilities  and  the  removal  of 
prejudice,  by  which  means  only  can  success  be  assured. 


A  LOCOMOTIVE  SMOKE  PROSECUTION  CASE. 

A  somewhat  unusual  11  black  smoke  "  prosecution  case  came 
before  the  Salford  Stipendiary  Magistrate  (Mr.  W.  P.  Atkin) 
on  the  27th  ult"  when  the  London  &  North-western  Railway 
Company  were  summoned  under  the  Salford  Improvement 
Act,  1862,  for  having  permitted  dense  black  smoke  to  issue 
from  the  chimney  of  a  locomotive  engine  on  April  24th.  Mr. 
S.  Carnt,  deputy  town  clerk,  prosecuted  on  behalf  of  the  Cor- 
poration, and  Mr.  Branthwaite  appeared  for  the  railway  com- 
pany. Inspector  Deakin  stated  that  while  he  stood  on  the 
Ordsall  Lane  station  waiting  for  the  train  to  which  the 
offending  engine  was  attached  he  saw  it  approach  emitting 
dense  black  smoke.  While  the  train  stood  in  the  station  this 
continued.  He  called  the  attention  of  the  driver,  who 
immediately  put  a  stop  to  it. 

Mr.  Branthwaite  suggested  that  the  whole  period  of  obser- 
vation did  not  cover  three-quarters  of  a  minute,  but  the 
witness  said  it  would  be  about  two  minutes.  Mr.  Branth- 
waite said  this  engine  was  fitted  with  proper  smoke-preventing 
appliances  which  were  all  in  perfectly  good  order.  But,  no 
matter  how  perfect  appliances  were,  it  sometimes  happened 
that  a  jolt  would  cause  the  adjustable  firedoor  to  slip  from 
its  bracket  and  momentarily  cause  the  black  smoke  to  be 
emitted,  as  in  this  case.  The  engine-driver  gave  evidence, 
and  said  that  he  reopened  the  firedoor  as  soon  as  possible  of 
his  own  accord. 

Mr.  Joseph  Beaumont,  chief  engineer  for  the  L.  &l  N.W. 
Railway  Company  at  Crewe,  said  the  engine  was  of  the  most 
perfect  type  for  the  consumption  of  its  own  smoke,  but  it 
frequently  happened  that  a  firedoor  would  slip  from  a  bracket 
without  the  driver  being  in  any  way  negligent.  Mr.  Bran- 
thwaite said  this  was  the  first  instance  in  which  the  London 
and  North-western  Company  had  been  prosecuted  for  such  an 
offence,  and  lie  urged  that  it  was  not  sufficient  to  convict  that 
black  smoke  should  be  emitted  for  two  minutes.  It  must  he 
further  proved  that  all  practicable  precautions  had  not  been 
taken,  and  he  subiriitted  that  in  this  case  they  had. 

The  Stipendiary  Magistrate  said  he  considered  the  case 
proved,  but  as  it  was  the  first  offence  of  the  railway  company 
he  would  impose  the  lowest  fine  possible  under  the  section ― 
that  was  40s.  It  seemed  to  him  unfair,  however,  that  a  rail- 
way company  should  be  dealt  with  more  severely  than  a  mill 
for  a  slight  first  offence  like  this.  A  millowner  would  only 
have  been  fined  10s"  therefore  in  inflicting  a  fine  of  40s.  and 
costs  he  would  remit  30s.  of  it. 


Seventh  Congress  of  the  International  Association  for  Testing 
Materials.  ―  Tlie  seventh  congress  of  the  International  Asso- 
ciation for  Testing  Materials  will  be  held  under  the  patronage 
of  H.M.  the  Czar  of  Russia,  in  St.  Petersburg,  from  August 
12th  to  17th,  1915.  Four  days  will  be  devoted  to  the  dis- 
cussion of  the  most  important  problems  on  testing  materials. 
After  the  congress  extensive  excursions  in  the  interior  of 
Russia  liave  been  arranged.  The  offices  of  the  British  Section 
of  the  association  are  at  the  Iron  and  Steel  Institute,  28, 
Victoria.  Street,  London,  S.W. 
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THE    MECHANICAL  FA'GIXKKR. 


THE  OCTO  WELDING  PROCESS. 

During  recent  years  quite  a  number  of  methods  have  been 
devised  for  the  welding  of  metals.  One  of  the  most  successful 
of  these  is  that  known  as  the  Octo  welding  process,  which 
has  been  introduced  by  Octo  Welding,  Ltd.,  6,  Han  way 
Street  Works,  Oxford  Street,  London,  W.  By  means  of 
this  process  broken  parts  of  machines,  &(••，  which  were  usually 
scrapped,  can  be  rcpairtMl  in  an  eflicient  manner,  result  ing 


Fig.  2. 

not  only  in  considerable  saving  in  money,  but  also  in  time, 
as  repairs  can  in  many  cases  be  completed  in  24  liours,  thus 
avoiding  the  delays  which  usually  occur  in  obtaining  new 
parts.  ， 

Tt  is  desirable  to  point  out  that  tor  the  efficient  welding 
of  metals,  which  is  a  highly  technical  operation,  skilled  work- 
men are  essential.  The  average  mechanic  is  not  a  metal  expert 
and  knows  little  about  "  fusion  point/'  ' '  mirror  "*  alloy 
tests,  and  percentages,  and  all  the  other  scientific  considera- 
tions which  must  be  at  the  finger  ends  of  every  welding 
operator  who  can  claim  to  a  sound  knowledge  of  his  subject. 
Some  interesting  examples  of  repairs  effected  at  the  works 
of  Octo  Welding,  Ltd.,  where  only  skilled  operators  are  em- 
ployed, are  shown  in  the  accompanying  photo  views.  In 
the  case  of  the  fractured  crank  shaft  shown  in  Fig.  1,  taken 
from  a  16  li.p.  ear,  the  shaft  was  broken  in  two  at  one  of  the 
centre  webs.  By  means  of  the  Octo  process  the  repair  was 
effected  in  a  perfect  manner  in  less  than  24  hours,  as  indi- 
cated in  Fig.  2.  This  work  involved  not  only  the  actual 
welding,  but  also  machining  and  lining  up. 

The  cylinder  unit  shown  in  Fig.  3  is  another  example  of 
perfect  welding  repair  work.  In  this  instance  the  combus- 
tion head  was  blown  completely  out  and  part  of  the  water 


Fig.  3. 

jacket  carried  away.  When  it  is  considered  to  what  tre- 
mendous stress  the  combustion  head  of  a  cylinder  is  subjected, 
the  fact  that  this  repaired  unit  (-、 Fig.  4)  has  been  back  at 
work  in  its  engine  for  months  past,  and  has  given  entire 
satisfaction,  indicates  the  efficiency  of  Octo  welding. 

A  further  interesting  repair  is  that  to  the  crank  chamber 
shown  in  Fig.  5.  It  will  be  seen  that  the  main  end  bearing 
was  completely  broken  away,  and  that  the  wall  ol'  the  cham- 


ber itself  was  badly  cracked.  Fig.  6  sIiowh  how  the  Octo 
welder  finislied  tlie  work.  There  is  no  \  race  whatever  of  the 
weld  ；  the  job  is  as  clean  and  t  ni*»  as  though  machined  to 


Fio.  4, 

pattern.  The  repair  was  effected  absolutely  without  any 
distortion  whatsoever. 

Til  addition  to  the  special  departments  dealing  exclusively 
with  automobile  welding  repairs,  which  are  equipped  to  deal 
effectively  with  the  repair  of  any  car  part  in  any  metal  or 
alloy,  the  firm  have  other  departments  for    dealing  with 


Fig.  5. 

heavy  machine  repairs,  and  maintain  a  staff  of  expert  opera- 
tors who  can  be  dispatched  at  a  moment's  notice  with  the 
necessary  plant  to  repair  flywheels,  boilers,  furnaces,  girders, 
and  all  similar  constructions,  as  well  as  traction  engines, 
ploughs,  and  all  other  large  agricultural  marhines.  As 
regards  the  reliability  of  the  process  the  firm  guarantee  per- 


Fig.  6. 


fection  in  every  repair  undertaken,  and  even  go  so  far  a?  to 
offer  the  refund  of  all  money  disbursed  by  the  customer  on 
the  repair  if  the  welding  shows  imperfection  in  any  way. 
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THE  PRODUCTION  OF  STEEL  DIRECT  FROM  ORF.* 

BY  ERNEST  HUMBERT  AND  AXEL  HETHEY,  B.SC. 

The  first  iron  and  steel  that  we  know  of  in  history  was  pro- 
duced by  more  or  less  direct  reduction  of  iron  ore,  in  some- 
what primitive  furnaces.  The  best  examples  of  this  material 
are  afforded  by  the  old  Damascus  and  Toledo  blades. 
Although  the  steel  of  which  these  swords  were  made  was 
sometimes  of  very  uneven  composition  and  full  of  slaggy 
enclosures,  it  certainly  possessed  remarkable  qualities  of 
strength,  endurance,  and  toughness.  It  is,  even  nowadays, 
difficult  to  produce  material  to  equal  these  old  direct  steels. 
Direct  iron  and  steel  has  been  made  all  over  the  world, 
usually  in  districts  where  simple  surface  ores  were  found 
with  a  convenient  supply  of  charcoal.  Modern  methods  of 
manufacture,  however,  with  their  large  productions  and  con- 
sequent cheapness  of  manufacture,  have  in  the  last  century 
displaced  these  direct  processes. 

Now  that  modern  conditions  demand  such  severe  specifica- 
tions for  steel,  the  steelmaker  is  daily  experiencing  greater 
difficulty  in  meeting  these  demands,  with  the  result  that  he 
has  had  to  go  from  a  simple  carbon-manganese  iron  alloy  to 
costly  and  complicated  alloys  of  iron  with  more  or  less  rarer 
metals.  The  difficulty  experienced  in  eliminating  such  im- 
purities as  oxygen,  phosphorus,  sulphur,  and  silicon,  and  tlio 
practical  failure  to  eliminate  nitrogen  and  hydrogen,  led  the 
authors  to  search  for  a  method  of  manufacture  with  which  a 
purer  steel  could  more  readily  be  obtained.  Remembering 
the  old  adage  that  prevention  is  better  than  cure,  and  seeing 
the  satisfactory  results  that  were  obtained  with  the  old  im- 
perfect methods  of  production,  the  authors'  attention  was 
drawn  to  direct  processes  of  manufacture.  Considering  the 
experiments  which  Stassano  and  others  made  some  years  ago, 
and  the  practicability  of  the  modern  electric  furnace,  it  was 
decided  that  an  ordinary  arc  furnace  would  sufficiently  fulfil 
the  necessary  conditions  to  enable  experiments  on  a  somewhat 
more  practical  scale  to  be  made.  The  ease  with  which  an 
electric  furnace  can  be  controlled,  and  oxidising  and  reducing 
conditions  obtained  at  will,  were  the  chief  factors  influencing 
this  decision.  The  various  heats  were  made  in  a  normal 
Heroult  electric  furnace  of  G-ton  capacity  and  working  with 
single-phase  current. 

Three  series  of  tests  were  made : — 

S<  rics  A  , ― Direct  reduction  of  siliceous  Swedish  iron  ore. 
(1)  One  heat  of  hard  steel.  (2)  One  heat  of  rail  steel.  (3) 
One  heat  of  soft  steel. 

S<  rics  H, —— Direct  reduction  of  Swedish  hikI  a  siliceous 
Swedish  iron  ore,  with  30  per  cent,  of  scrap  mixed  with  the 
charge. 

S rries  C . ― Direct  reduction  of  Brazilian  iron  ore. 

The  materials  used  and  their  composition  were  as  follows  ： 


Magnetite  Orr  from 
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B 
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(Hiidlierg). 
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Per  cent. 
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Fe  ... 
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Lime. 

Per  cent. 

Per  cent. 

C   

.. 901fi 

CaO  ... 

..；  90-0 

Ash   

.. 7-33 

 lo 

Volatile  matter  ... 

.. 2-51 

Series  A. 

1.  //rat  Jo.  8G6. ― The  charge  was  made  up  as  follows : 

Kilo^rannnos. 

Iron  ore  (Swedish)   1,000 

Coke   '.  200 

Lime   100 


Six  charges  of  this  mixture  were  prepared,  and  two  were 
charged  on  the  bottom  of  the  furnace.  30  kgs.  of  coke  in 
pieces  as  large  as  a  man's  fist  were  added  to  start  the  current. 
The  current  was  put  on  at  5-40  a.m.  on  April  4  ;  at  7  a.m.  the 
load  was  well  established  with  8,000  amperes  and  90  volts, 
cos  <f>  being  ―  0'90.  During  the  first  part  of  the  melt  violent 
boiling  occurred,  and  a  considerable  amount  of  slag  was 
thrown  out  of  doors.  The  30  kgs.  of  coke,  which  were  added 
to  start  the  current,  were  withdrawn  at  8  a.m.  The  slag 
being  acid,  300  kgs.  of  lime  were  now  added.  At  7  p.m.  the 
charge  was  reduced,  and  a  sample  of  the  metal  taken  gave 
carbon  =  1*50  per  cent.  1,000  kgs.  of  slag  containing  only 
traces  of  iron  were  then  removed,  and  300  kgs.  of  iron  ore 
were  added  in  small  quantities.  At  9  p.m.  50  kgs.  of  lime 
were  added.  At  9-30  p.m.  a  sample  was  taken  which  forged 
very  well  and  gave  1'20  per  cent,  of  carbon.  The  heat  lasted 
16  hours  and  was  teemed  at  9-40  p.m.  There  was  an  excess 
of  coke  on  the  slag  at  the  time  of  pouring. 


Toial  Wr'njh  t  of  the  Charge. 


Iron  ore 
Coke 
Lime  ... 


Kilogrammes. 
…  6,300 
…  1,200 
...  950 


]\' eight  of  St  id  Froduced. 

Kilogrammes. 

Ingots   :•    ...    3,600 

Scrap    120  一- 

Iron  lost  in  melting,  G'5  per  cent. 

Eh  ri  rir  En  < njif  V.^rfl. 

K  i  1  o  vol  t-a  in  pero  m  inn  tos   "()(>,! "广」 

Kilowatt-minutes    o40, 8G6 

Kilowatt-hours    9,014 

Kilowatt  hours  per  tnn  of  steel    2,397 

Corrected  for  3  per  cent,  zero  error    ...  2,459 

Fhm(  .1 of  StrtJ. 


Per  cent. 
. 1-39 
. 0  055 
•  0-038 
. 0*13 
-. 0-26 


paper  read  before  tin:  lion  and  Steel  Institute,  May.  1911. 


Carbon   

Phosphorus   

Sulphur   

Silicon … ―、 …'  i.  * 

Manganese  

Forf/c  Tests. ― The  steel  forged  well. 

2.  I  I  tat  No.  867. ― The  mixture  was  made  up  as  follows: 

Kilogram  mes. 

Iron  ore  (Swedish)   1,000 

Coke    200 

Lime  --    150 

Five  charges  of  this  mixture  were  prepared  and  1^  charged 
on  the  bottom  of  the  furnace  with  200  kgs.  of  scrap  to 
start  the  current.  The  current  was  put  on  at  11  p.ni>  on 
April  4 th.  At  11-30  p.m.  the  load  was  well  established. 
Boiling  occurred  during  reduction,  and  slag  was  thrown  out 
of  the  doors.  Some  small  pieces  of  electrodes  broke  off  and 
fell  into  the  charge.  The  slag  being  acid,  200  kgs.  of  lime 
were  added.  At  8-30  a.m.  the  bath  was  covered  with  an 
excess  of  coke  and  the  current  stopped,  and  33  kgs.  of  coke 
removed.  At  11  a.m.  the  charge  was  nearly  completely 
molten  and  a  sample  gave  1*50  per  cent,  carbon.  Part  of  the 
slag  was  removed.  From  11-10  a.m.  to  2-30  p.m.  550  kgs.  of 
iron  ore  and  200  kgs.  of  limestone  were  added,  and  these 
produced  violent  ebullition.  Considerable  difficulty  was 
experienced  in  lowering  the  carbon  content  owing  to  the 
broken  electrodes.  At  2-40  p.m.  the  current  was  stopped  for 
ten  minutes,  and  200  kgs.  of  iron  ore  and  160  kgs.  of  lime- 
stone were  charged.  At  3-30  p.m.  a  sample  was  taken  show- 
ing 0'45  per  cent,  carbon.  The  reaction  between  the  iron 
oxide  and  carbon  was  not  completed.  At  4  p.m.  60  kgs.  of 
lime  and  30  kgs.  of  coke  dust  were  added,  but  it  was  found 
difficult  to  obtain  a  white  slag.  The  following  additions  were 
then  made : — 

Kilogrammes. 

80  per  cent,  ferro- manganese   12 

40  per  cent,  ferro  silicon   20 

The  heat  was  tapped  at  5-35  p.m.  on  April  5th.  The  time 
of  charge  was  18  hours  35  minutes.  The  length  of  this  heat 
was  due  to  broken  electrodes,  which  necessitated  the  addition 
of  a  considerable  quantity  of  iron  ore. 
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Tntal  W  riiiht  of  the  Charije. 

Kilogrammes. 

I  ron  (，i 
Scinp  . 
('"1、,' . 
Lime  • 

liiinrst) 

>ne  

...  200 
...  1,000 
...  1,010 
...  2(30 

(•out.  i(M'ro  nian^aiicsi'   

cent,  ferro-silicon   

...  12 
...  20 

Ki]()g!  HIlllllCS. 

...  3,(330 

Scrap  ..    85 

Iron  lost  in  melting,  4  -  lf>  per  (viit. 
Eh't  tric  Em  /.!〃/  / '."  '/. 

Kilovt>li  a nipoiv  minutes    688，'— '.'in 

Kilow  att  minutes    "1".  H'" 

Kilowatt-hours    ]0,:V2:i 

Kilowatt-hours  per  ton  oi  s"'('l    2,77!l 

Corrected  for  3  per  cent,  zero  erroi-    ...  2,802 

Final  Anahj.s'hs  "/  Sf  <•<  ( . 


Per  (v'i  t . 

. 0-023 
. 0-027 
. 0-15 
.. U'28 


Carbon   

Phosphorus   

Sulphur   

Silicon   

Manganese  

Forge  Test, ― The  steel  forged  very  well  at  all  tempera- 
tures, and  was  found  to  be  very  tough. 

3.  H tat  Jo.  869. ― The  mixture  was  made  up  as  follows : 

Kilogrammes. 

Iron  ore  (Swedish)   1,000 

Coke    ..    .；；    "■  '   180 

Lime   175 

Five  charges  of  this  mixture  were  prepared,  and  1^  charges 
were  charged  on  the  bottom  of  the  furnace  with  200  kgs. 
of  scrap  to  start  the  current.  The  current  was  started  at 
4-30  a.m.  on  April  6th,  and  a  load  was  established  imme- 
diately without  any  difficulty.  The  ebullition  was  less  than 
in  the  previous  charges,  and  at  5  p.m.  practically  the  whole 
charge  was  reduced.  A  test  gave  1*20  per  cent,  carbon  and 
forged  very  well.  From  5  to  9-30  p.m.  650  kgs.  of  ore  and 
100  kgs.  of  lime  were  added  ；  an  electrode  then  broke  several 
times  and  the  pieces  had  to  be  removed  from  the  furnace.  At 
10  p.m.  a  test  gave  carbon  0*10  per  cent.,  and  the  steel  was 
found  to  be  over-oxidised.  To  deoxidise  the  slag  60  kgs.  of 
lime  were  added,  and,  when  melted,  30  kgs.  of  coke  dust. 
Considerable  difficulty  was  experienced  in  obtaining  a  white 
slag.    At  11  p.m.  the  following  additions  were  made:  — 

Kilogrammes. 

80  per  cent,  ferro  manganese    2:) 

10  per  cent,  t'erro  silicon    50 

The  heat  was  poured  at  11-15  p.m.  and  took  18  hours  and 
45  minutes. 

Total  Wvitjht  of  the  Charge. 


Iron  ore  … 

Scrap  

Coke   

Lime   

80  per  cent. 
10  per  cent. 

11 


f  erro-ma  uga  nese     . . 

ferro-silicon   

ujh  t  of  Steel  l，n"! , 


Kilogrammes. 

...  5,650 

-..  200 

…  930 

…  1,035 

"-  25 

...  50 


Kilogrammes. 

-. 3,580 
•  •  10 


Ingots   

Scrap  

Iron  lost  iu  melting.  4-(>(i  \\vv  cent. 
Electric  Energy  Used. 

Kilovolt  ampero  niimitos    G61.99!) 

Kilowatt-minutes    595, 75  Ml 

Kilowatt-hours    9,930 

Kilowatt-hours  pt、r  ton  oi  sttvl   2,760 

Corrected  for  3  per  cent,  zero  error …  2,84.'i 
Analysis. 

Per  coiit  - 

Carbon    0*23 

Phosphorus    0*015 

Sulphur    0030 

Silicon    0*11 

Manganese   ...  0*47 


The  increase  in  carbon  was  due  to  pieces  of  coke  from  the 
slag  mixing  with  the  met al  wliilc  |>onring  int"  the  ladle.  The 
delays  were  caused  by  the  breaking  of  tlie  electrodes. 

Fortje  Test. ― The  steel  forged  very  well  and  i\ut  test-piece 
bent  180°  without  a  sign  of  fracture.  A  jjin.  mmid  bar  of 
the  steel  was  twisted  into  a  douhlo  knot  while  cold 


Ih  at  Jo.  870.- 


Seiues  B. 
-The  charge  was  made  ujj  as  follows 


Ii 

Sri  ;i  p 
('("、,、 


ore  (S\\ cdisli ) 


J\  jloj^rainmcfi. 
...  4,000 
,.. 1,200 
...  720 
...  8(KJ 


Tlie  iron  ore  and  scrap  were  cliarged  together.  Tlie  fur- 
nace was  started  at  1  p.m.  on  April  7tli.  Tlie  charge  con- 
ducted the  current  perfectly  from  the  start,  and  very  s  1 1 ^ 1 1 i 
ebullition  occurred  during  the  melting.  At  1 1-55  p.m.  the 
furnace  was  stopped  for  15  minutes  to  pull  some  scrap  whicli 
was  stuck  on  tlie  banks  down  into  the  bath  ；  100  kgs.  of  ore 
were  then  added.  At  12-30  a.m.  a  test  gave  1  per  cent,  of 
carbon,  and  between  1-30  to  2  a.m.  200  kgs.  of  iron  were 
taken  and  added  in  small  quantities.  At  2-20  a.m.  tlie 
slag  was  drawn  off,  and  150  kgs.  of  lime  were  added,  and, 
when  this  was  fluid,  30  kgs.  of  coke  and  coke  dust  were  fed  on 
to  the  slag.  A  test  gave  0  80  per  cent,  of  carbon.  At 
2-50  a.m.  the  following  additions  were  made  ： ― 

Kilogrammes. 

80  per  cent,  ferro manganese    T  o 

40  per  cent,  ferro-silicon    11.0 

The  heat  was  poured  at  3-15  p.m.  and  took  14  hours  and 
15  minutes. 

Total  Weight  of  the  Charge. 


Iron  ore   

Scrap   

Coke   

Lime   

80  per  cent,  feno  manganese  

Ferro  silicon   ' ... 

Weight  of  Steel  Vrothmd. 


Kilogrammes. 
4,300 
1,200 
750 
950 

110 


Kilogrammes. 
2,970 
215 


Ingots   

Scrap   

Iron  lost  in  melting,  18  per  cent. 
Ehviric  En rrtjij  U • 

】〈ilovolt  aiupei'e-iuiruites    536,317 

Kilowatt- minutes    482,712 

Kilow  att  hours    8,045 

Kilowatt-hours  per  ton  of  steel    '2.,'」" 

Corrected  for  3  per  cent,  zero  error     …  2,602 

Anuiyais. 

Per  cent 

Carbon    089 

Phosphorus    0*014 

Sulphur    003? 

Silicon  •    0.10 

Manganese   0'27 

Farm  Test, ― The  steel  forged  similar  to  tool  steel  and 
crucible  steel. 

Series  C. 

II tat  Xo.  871. ― The  charge  was  made  up  as  follows  ： ― 

Two  Charges.  Three  Charges. 

Kilo^ramuies.  I  Kilogratuuie^. 
Brazilian  iron  ore  1,000  Brazilian  iron  ore  1,000 

Coke    200  Coke    180 

Lime    - -..      50  Lime    30 

One  and  a  half  charges  were  put  on  the  bottom  of  the 
furnace,  and  200  kgs.  of  scrap  charged  on  top  to  start  the 
current.  The  furnace  was  started  at  3-50  p.m.  on  April  7th. 
The  charge  conducted  well  and  was  quickly  melted  without 
any  ebullition  at  9  p.m.  A  test  was  taken  wliirli  gave  carbon 
0  05  per  cent.  At  1  a.m.  the  metal  froze  on  the  bottom  of  the 
furnace,  being  pure  iron.  The  two  electrodes  were  raised 
and  60  kgs.  of  coke  added  under  tlie  electrodes.  At  2  a.m. 
a  violent  reaction  occurred,  and  the  current  was  stopped  and 
30  kgs.  of  lime  were  added.  At  8  a.m.  a  test  srave  0'30  per 
cent,  carbon,  and  the  slag  was  brown.    Two-thirds  of  the 
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charge  were  melted  and  reduced.  At  4  a.m.  a  test  gave  0'30 
per  cent,  carbon  and  the  slag  was  brown.  At  4-10  a.m. 
10  kgs.  of  coke  dust  were  added  to  make  a  white  slag.  At 
4-30  a.m.  the  slag  was  removed.  At  5  a.m.  100  kgs.  of  ore 
were  added  to  reduce  the  carbon.  At  5-20  a.m.  a  test  gave 
0  50  per  cent,  carbon  and  the  metal  was  much  oxidised. 
From  5-25  a.m.  to  5-45  a.m.  the  furnace  was  stopped  to  pull 
down  a  part  of  the  charge,  which  was  stuck  on  the  banks,  and 
which  had  been  reduced  to  iron.  At  5-50  a.m.  10  kgs.  of 
coke  dust  and  20  kgs.  of  fluor-spar  were  added,  and  at 
6  o'clock  20  kgs.  of  10  per  cent,  ferro-silicon  and  17  5  kgs. 
of  80  per  cent,  ferro-manganese.  At  6-30  a.m.  the  heat 
was  tapped,  the  metal  being  very  hot.  The  duration  of  the 
heat  was  14  hours  and  40  minutes. 

Total  Weight  of  the  Charge. 

Kilogrammes. 


Iron  ore    5,000 

Scrap    200 

Coke    1,050 

Lime    250 

Fluor-spar     ...      20 

80  per  cent,  ferro-manganese    17*5 

10  per  cent,  ferro-silicou    20 

We'ujht  of  Steel  Prod  a  red. 

Kilogrammes. 

Ingots    3,268 

Scrap    90 

Iron  lost  in  melting,  2  54  per  cent. 

Electric  Energy  UsaL 

Kilovolt-ampere-miimtes    018,831 

Kilowatt-minutes    556,948 

Kilowatt-hours    9,289 

Kilowatt-hours  per  ton  of  steel    2,709 

A  nah/sis. 

Per  cent. 

Carbon    027 

Phosphorus    0031 

Sulphur    0058 

Silicon   0.05 

Manganese   0*31 


Forge  Test. ― The  steel  forged  very  well  and  welded  with 
ease. 

With  this  heat  the  authors  attempted  to  prove  that  steel 
direct  can  be  made  without  the  carbon  being  above  0*4  per 
cent,  at  any  time  during  the  heat.  Tests  were  taken  at  short 
intervals  to  show  that  the  carbon  content  remained  below 
this  figure.  Working  in  this  manner,  however,  more  time  is 
taken,  as  the  melting  point  of  a  low-carbon  steel  is  much 
higher  and  the  material  is  not  so  fluid.  A  good  carbon 
content  for  normal  working  was  found  to  be  about  0'6  per 
cent. 

Consumption  of  Electrodes, ― The  electrodes  were  weighed 
before  they  were  put  into  the  furnace  and  after  their  removal. 
Two  qualities  of  electrodes  were  used.  For  heats  866  and 
867  two  electrodes  made  by  the  normal  process  were  used. 
For  heat  869  one  anthracite  electrode  of  the  authors'  mix- 
ture and  process  was  used.  During  lieat  870  a  second 
electrode  made  by  the  same  process  was  added.  After  heat 
871  these  two  electrodes  were  weighed.  The  first  two  elec- 
trodes broke  several  times  and  their  consumption  was  36^  kgs. 
per  ton  of  steel.  The  two  others,  made  by  the  latter  process, 
did  not  break,  and  their  consumption  was  32  kgs.  per  ton  of 
steel. 

Wear  of  Furnace  Lining. —— The  wear  was  approximately 
the  same  as  when  melting  scrap.  For  the  first  heat  the  roof 
was  attacked  by  the  violent  ebullition.  With  a  furnace 
especially  constructed  for  this  class  of  work  this  will  be 
avoided,  and  these  repairs  would  be  very  small. 

Theoretical  Considerations. ― The  charges  are  divided  up 
into  portions  so  as  to  make  melting  easier.  It  is  important 
to  have  the  various  constituent  materials  of  small  and  equal 
size  (nut  size).  Coke  or  scrap  is  added  in  each  case  to  estab- 
lish the  electrical  circuit  readily.  Melting  proceeds  quite 
normally.  Reduction  of  the  ore  also  follows  normal  chemical 
laws.  There  is  much  ebullition  owing  to  the  large  volume  of 
oxides  of  carbon  set  free  from  the  liquid  bath.  This  is  an 
essential  difference  from  the  reactions  in  modern  blastfurnaces, 
where  spongy  iron  is  first  produced  and  then  melted.  When 


all  the  ore  is  reduced,  the  slag  should  be  taken  off  the  bath, 
and  the  charge  treated  as  an  ordinary  pig  and  scrap  charge. 
If  the  bath  contains  too  much  carbon,  ore  should  be  added  : 
if  too  little  carbon,  the  charge  should  be  recarburised  in  any 
convenient  manner.  A  final  basic  slag,  consisting  of  lime  and 
treated  with  coke  to  produce  a  slag  containing  calcium  car- 
bide, should  be  obtained  to  reduce  any  excess  of  oxide.  The 
final  additions  of  ferro-manganese,  ferro-silicon,  &c.，  are  added 
and  the  heat  finished  and  poured  in  a  normal  manner.  Care 
should  be  taken  that  the  slag  is  kept  fluid  and  basic  during 
reduction.  A  minimum  of  0*5  per  cent,  carbon  should  be 
retained  during  reduction,  as  the  iron  may  otherwise  freeze 
on  the  bottom  and  cause  delay  and  trouble.  If  scrap  be 
used  in  the  heat,  it  is  better  first  to  reduce  the  ore  with  an 
increased  excess  of  carbon  and  to  add  the  scrap  when  this 
charge  is  melted  and  ebullition  dies  down.  The  scrap  should 
not  be  added  with  the  ore.  The  charge  will  then  melt  more 
quickly  and  a  quieter  melt  be  obtained. 

The  outstanding  quality  of  steel  produced  by  this  process 
is  its  toughness.  From  the  rough  forge  tests  made  at  the 
furnace  it  was  found  that  the  steel  would  readily  bend  with- 
out fracture  even  when  containing  high  percentages  of  carbon. 
In  one  case  a  drill  made  from  heat  No.  870  and  subjected 
to  an  unusual  strain  was  bent  25°  from  the  horizontal.  The 
authors  regret  very  much  that  they  were  at  the  time  unable 
to  make  any  close  analyses  and  other  investigations  of  the 
material,  but  hope  to  present  the  results  of  a  closer  study  of 
the  subject  in  a  future  communication.  To  one  point,  how- 
ever, they  would  like  to  draw  attention. 

More  and  more  is  now  being  heard  about  the  presence  of 
gases  in  steel  and  their  baneful  influences.  This  applies  more 
especially  to  the  presence  of  nitrogen  and  hydrogen  in  steel, 
and  it  must  be  reckoned  a  distinct  advantage  of  this  process 
that  these  gases  are  never  introduced  into  the  charge.  The 
only  gases  that  can  be  imagined  as  present  are  oxides  of 
carbon  with  possibly  traces  of  hydrogen.  The  effect  of  nitro- 
gen on  steel  is  generally  considered  to  cause  an  increase  in 
tenacity  and  hardness,  thus  producing  brittleness  and  a  de- 
crease in  elongation.  It  is  usually  considered  that  nitrogen 
has  about  five  times  the  influence  which  phosphorus  produces 
in  that  direction.  It  might  be  appropriate  here  to  call  atten- 
tion to  the  importance  of  considering  the  quantity  of  nitrogen 
in  steel.  Opinions  are  much  divided  on  that  point,  to  a  great 
extent  owing  to  the  absence  of  ready  and  reliable  methods  of 
analyses.  A  rough  rule  to  ensure  safety  in  specifications  has 
been  suggested  as  follows :  The  percentage  of  phosphorus  plus 
five  times  the  percentage  of  nitrogen  should  not  exceed  0"06 
per  cent.  The  following  figures  show  the  quantities  of  nitro- 
gen present  in  steels  of  different  carbon  content : ~ 

1'15  per  cent,  carbon  contain  0  030  to  0*035  per  cent,  nitrogen. 
0-5         "  ，，  ，，       0-040  to  0*045      ，，  ，， 

0-2  ，，  ，，  "       0-05()  to  0-060      ，，  ，， 

These  amounts  of  nitrogen  may  be  taken  as  critical  limits 
at  which  elongation  begins  to  disappear,  and  the  steel  is  found 
to  be  very  brittle.  The  presence  of  nitrogen  is  perhaps  the 
cause  of  much  of  the  brittleness  found  in  many  hard  steels. 
The  limits  depend  on  the  carbon  content,  and  it  will  be  noted 
tli at  hard  steels  are  rendered  more  readily  brittle  than  mild 
steels.  Nitrogen  is  supposed  to  be  present;  in  the  ferrite 
constituent  of  the  steel  as  a  nitride.  It  does  not  combine 
with  the  iron  carbides.  Nitrogen  is  added  to  steel  by  means 
of  the  air-blast  in  the  case  of  blastfurnaces,  converters,  and 
cupolas.  In  the  case  of  open-hearth  furnaces,  it  is  probably 
added  in  the  shape  of  cyanogen  and  ammonivim  compounds 
by  means  of  the  flame. 

To  produce  high  carbon  steels  of  highest  qualities  in  the 
open-hearth  furnaces,  the  gases  should  therefore  be  purified. 
Crucible  steels  are  found  to  contain  very  little  nitrogen . 
Commercial  steels  usually  contain  between  0*03  to  0'04  per 
cent.  The  most  satisfactory  substance  for  removing  nitrogen 
from  steel  appears  to  be  vanadium,  which  is,  however,  expen- 
sive to  use. 

The  effect  of  hydrogen  on  steel  is  also  little  understood, 
but  its  action  is  probably  similar  to  that  of  nitrogen.  This 
may  be  inferred  from  the  following  example  ：  When  steel  is 
pickled,  nascent  hydrogen  is  absorbed  and  the  material  is 
more  brittle.    Annealing,  however,  overcomes  this  effect  by 
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eliminating  the  absorbed  hydrogen,  and  brings  the  material 
1)  u-k  to  its  original  ductile  state. 

Although  the  authors  have  been  unable  to  make  analyses 
of  Ihe  gases  contained  in  this  material,  they  conclude  that 
from  the  nature  of  the  process  and  the  toughness  and  ductility 
of  the  material  obtained,  both  nitrogen  and  hydrogen  are 
either  absent  or  present  in  infinitesimal  quantities.  The 
question  is  one  that  commends  itself  for  investigation. 

Conclusions,  ―  The  authors  have  come  to  the  conclusion 
that  with  the  aid  of  the  modern  electric  furnace,  and  given 
satisfactory  conditions,  the  economic  manufacture  of  steel 
direct  from  ore  is  a  practical  possibility.  The  material  pro- 
duced will  be  superior  to  that  】nanufactured  by  present 
methods,  and  will  have  properties  of  the  greatest  importance 
and  value  to  the  steel  user.  A  special  type  of  furnace  will 
probably  be  developed,  although  the  standard  Heroult  fur- 
nace is  satisfactory  for  occasional  charges.  The  charge  should 
lie  deep  in  the  furnace,  to  permit  violent  ebullition  of  the 
bath  without  overflowing.  Anthracite  electrodes  will  probably 
be  found  most  satisfactory  owing  to  their  freedom  from  break- 
ages. The  best  use  for  this  process  will  be  found  in  countries 
that  possess  readily  available  sources  of  water  power  together 
with  deposits  of  pure,  rich  ores.  Charcoal,  coke,  or  anthracite 
coal  can  be  used  as  fuel.  In  countries  where  cheap  power, 
produced  from  waste  heat  such  as  blastfurnace  gases,  coke- 
oven  gases,  &c.，  can  be  obtained,  its  most  useful  sphere  will 
probably  be  found  in  making  high-grade  steels  for  springs, 
drills,  and  similar  tools,  shafts,  and  all  grades  requiring  ex- 
ceptional toughness. 

Economic  Advantages  of  this  Process, — (1)  One  operation 
instead  of  several.  (2)  One  furnace  instead  of  a  large  and 
complicated  plant.  (3)  Simplicity,  cleanliness,  and  ease  of 
control  of  electricity  as  a  source  of  fuel  and  power.  (4) 
Ability  to  use  refractory  and  richer  ores,  such  as  titaniferous 
magnetites,  &c.  (5)  Freedom  of  the  steel  from  impurities. 
(6)  Speed  of  manufacture.  (7)  General  cost  depends  largely 
on  cost  of  electric  power,  but  will  be  cheaper  than  the  electri- 
cal production  of  steel  from  pig  iron.  (8)  Less  labour  needed. 
(9)  Metallurgical  simplicity  of  the  process.  (10)  Efficient 
control  of  quality  of  steel  to  be  obtained,  both  from  an 
analytical  and  physical  point  of  view. 


INDUSTRIAL  AND  TRADE  NOTES. 

Personal. ― The  Home  Secretary  has  appointed  Mr.  W.  Walker 
His  Majesty's  Inspector  of  Mines  in  charge  of  the  Scotland 
Division,  to  the  newly  created  post  of  Deputy  Chief  Inspector  of 
Mines  at  the  Home  Office. 

Union  of  Shipbuilding  Firms. ― An  arrangement  has,  we  learn,  been 
concluded,  \\  lierohy  an  exchange  of  shares  is  effected  and  a 
community  of  interests  ensured  between  the  two  shipbuilding 
firms  of  Messrs.  8wan,  Hunter,  A;  Wigham  Richardson,  of 
Wallsend  and  Walker-on-Tyne,  and  Messrs.  H.  &  C.  Grayson,  of 
Liverpool  and  Birkenhead. 

New  Clyde-built  Destroyer. ― The  torpedo-boat  destroyer  "  Miranda,*' 
built  by  Messrs.  Yarrow  &  Co.,  Glasgow,  for  the  British 
Admiralty,  was  launched  on  the  27th  ult.  This  vessel,  one 
of  the  three  special  destroyers  ordered  from  Messrs.  Yarrow 
and  Co"  is  of  their  own  design.  She  is  260ft.  Imig  l>v  'iott.  Tin. 
beam.  The  contract  speed  is  35  knots.  She  is  fitted  with  Messrs. 
Va i  row  's  latest  type  of  Avater  tul)e  boilers  and  supei  heaters. 

Hours  and  Output  in  Shipyards. ― At  the  adjourned  conference  in 
London  on  the  26th  ult.  between  the  Engineering  】《mplovt'rs' 
Federation  and  representatives  of  the  Federation  of  Knti;ineerin<i 
and  Shipbuilding  Trades,  on  tlio  demand  of  the  men  for  a  48  hour 
working  week,  the  Federation  representatives  intin»;it*»d  that 
they  were  unable  to  give  the  guarantee  tho  employeis  dtMiiandod, 
that  the  output  per  week  w  oukl  not  be  reduced,  but  they 
believed  that  by  better  timekeeping  and  other  economies  the 
reduction  would  he  kept  at  a  minimum.  The  matter  is  to  I"' 
leforred  to  the  Employers'  Focloration. 

North  of  England  Ironworkers'  Wages. ― The  return  made  to  th,' 
Ndrtli  of  England  Iron  Trade  Conciliation  Board  shows  that  tl、c 
production  of  manufactured  iron  in  March  and  April  was  9,077 
tons,  an  increase  of  283  tons  on  the  previous  return,  but  a 
decrease  of  3,932  tons  compared  with  the  same  period  last  、、'；u'. 
The  net  average  selling  price  of  bars  was  £6.  16s.  6d.,  plates 
£6.  7s.  0'46d.，  rails  £6.  6s.  7d..  and  angles  £7.  2s.  lid.  Under 
the  sliding  scale  there  will  be  a  reduction  of  3d.  per  ton  on 
puddling  and  2^  per  cent,  on  all  other  mill  and  forge  wages. 


Three  Months'  Railway  Accidents.  I'mm;'  tl"'  tlm"  inont *is  ''ii'l'-'l 
Drr'  mU'r  .'ilst,  tlx*  total  iimnhcr  '，，  casiialtio  on  tin-  i  ;i il 

ways  of  tho  Unitod  K in^dom  in  tl"'  courht  ot  i'iiI'Iic  t  raffir-  、、；'、： 
Killrd  'M)r)y  injiirrd  2，:灼!,，  coinpa \^\  w  ith  278  aiifl  2,."(-Vi  n-^n  r 
tivoly  in  the  corrcspoiulii^  period  \U\'2  ()i  tl"〜. " pass^n^crs 
were  killed  and  197  injured  from  accidents  to  trains,  rolling- 
stock,  tVrc.  ；  while  31  、、("•（'  kill<><l  and  ">7.>  injurcfl  l,v  '>U"'r  a"'i 
dents.  Ot  railway  s"rv;ii，ts，  Ac,  109  were  killed  anrl  1  ..*>|() 
injured  I'y  accidonts  in  Iwth  t)i*»s*»  <  atc^(»rH»s,  uhilo 】 ！'  jh-i  m.h^ 
were  killed  and  10  injured  at  1,'vol  crossings.  Of  tn'spaw  、, 
including  suicides,  127  woro  killed  and  30  "i,j，m'(l.  T*'m  jm-i  soi^ 
on  business  at  stations,  &(••，  wore  killed  and  47  "ijiii'd  I n 
addition,  14  pwso"s  "f"c  killed  and  6，4:W  injurefl  I'y  "((  i 山' '"、 
in  which  tlio  movciiKMits  of  railway  vehicles  wore  not  exclusively 
coiiccriKMl. 

State  rurihase  of  Railways.  ―  The  text  of  tl"，  -、' ati',rial 卜 ati'.n 
of  Railways  Bill  has  just  been  issued.  The  Bill  gives  power  to  the 
State  to  purchase  tho  railways  either  as  a  whole  or  in  instalni<>iits. 
and  hand  tliem  ovor  to  a  -Minister  oi  Posts  u\\(\  Uailw  ays.  wlio  will 
also  take  over  the  Post  Office.  The  purchase  price  will  l>c  paifl 
in  State  railway  stock,  which  is  to  be  redeemed  within  63  y'  ;ir、 
through  a  sinking  fund.  A  railway  board  is  to  be  formed  to 
operate  the  State  system  under  the  Minister  for  Posts  and 
Railways,  and  there  is  to  be  a  railway  council  representative  of 
local  authorities,  industry,  agriculture,  and  commerce,  which 
will  advise  on  questions  of  rates,  fares,  and  wages.  Its  decisions 
、vill  be  binding  on  the  board  of  managemont  if  they  are  appmv','1 
by  the  Minister.  The  members  of  the  Board  are  to  be  paid 
(as  the  present  railway  directors  are),  but  must  give  their  whole 
time  to  their  duties.  The  members  of  the  Railway  Council  are 
to  be  unpaid,  but  to  have  free  passes  over  the  State  system. 

British  Trade  with  Brazil. ― In  his  report  for  the  |'; 卜' 

the  trade  of  the  Consular  district  of  Porto  Alegre,  Dr.  T.  Cantrell 
Dillon,  the  British  Consul,  says  the  greater  part  of  the  importa 
tion  from  Europe  is  from  the  United  Kingdom  and  Germany, 
in  about  equal  shares.  Much  of  the  machinery  imported  is  of 
German  make.  Agricultural  implements  and  machinery  ( w  hicli 
are  duty  free)  come  principally  from  the  United  States. 
Enamelled  goods  come  chiefly  from  Germany,  as  do  cheap  iron- 
mongery and  tools  ；  the  better  kinds  of  these  goods  are  of  Bi  itisli 
manufacture.  Welded  iron  tubes,  galvanised  iron  roofing  sheets, 
tinplates,  and  hollow-ware  come  almost  exclusively  from  the 
United  Kingdom.  Fencing  wire  formerly  came  principally  from 
Belgium  and  Germany,  but  is  now  imported  on  a  large  scale 
from  the  United  States,  which  country  is  making  vast  and  iapid 
strides  in  trade  in  this  country.  Iron  sheets,  rods,  bars,  hoop 
iron,  and  other  similar  products  come  chiefly  from  Germany. 
Pig  iron  is  imported  almost  exclusively  from  the  l"nito<l  King 
dom,  as  are  copper  bottoms  and  sheets.  Rails  for  tramways 
come  from  Germany,  for  railways  they  come  from  Belgium. 

Shipbuilding  at  Antwerp. ― Sir  Cecil  Hertslet.  the  !>>riti>h  (.'oii-ul 
General  at  Antwerp,  in  his  report  for  the  past  year,  points  out 
that  all  the  building  yards  at  that  port  were  fully  occupied 
and  a  record  tonnage  was  turned  out.  amounting  to  30,137  tons 
gross.  The  total  tonnage  launched  during  1913  shows  an  increase 
of  11,350  tons  over  that  of  1912.  The  prospects  for  1914  ；" v 
good  in  the  Belgian  Imilding  yards,  ft  is  curious  lu»  adds,  tliat 
at  the  time  the  British  press  referred  to  an  order  passed  to 
shijjhuilders  at  Dunkirk  tor  British  v，'wls  lm  mention  was  nia<lf 
of  tho  fact  that  a  number  of  steamships  lia w  l">""  constructed 
at  Antwerp  for  British  ouners.  In  1912  two  vessels  ot  ov«" 
1,200  tons  each  were  launched  at  Antwerp  for  thr  British  flag. 
Dviring  ]913  three  steamships,  measuring  respectively  \,27H, 
1,950,  and  4,020  tons  gross,  were  launched  at  Antwerp  lor  Bnti>li 
owners.  Since  the  year  (1913)  to  which  these  figures  refer ― viz., 
in  February,  1914 ― a  large  British  vessel,  the  "  Lowther  Castle," 
of  4,333  tons  gross,  has  been  launchod  from  the  yards  of  the 
Antwerp  Engineering  Company  at  Hoboken,  and  is  the  largest 
British  vessel  that  has  ever  been  built  in  Hol«iium.  The  fact  is 
noteworthy  as  showing  the  progress  which  is  being  made  in  ship 
construction  at  Antwerp. 


The  British  Acetylene  and  Welding  Association.  一  The  thir- 
teenth annual  general  meeting  of  the  association  was  recently 
held  in  London.  Mr.  E.  W.  Sprott  read  a  report  of  the  work 
done  during  the  year,  and  also  mentioned  that  the  member- 
ship had  greatly  increased.  Mr.  T.  G.  Allen  was  elected  pre- 
sident for  the  present  year,  Mr.  C.  E.  Bingham  vice-president, 
and  Mr.  C.  George  was  re-elected  treasurer.  Two  papers  were 
read,  one  on  The  Welding  Schools,"  by  Mr.  K.  S.  Murray, 
and  '(  The  Testing  of  Carbide,"  by  Mr.  C.  E.  Bingham.  Par- 
ticulars as  to  the  welding  schools  can  be  obtained  from  the 
association  at  103-104，  Cheapside,  London. 
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NEW  PATENTS. 

Specifications  of  th  e  fnlhm  nuf  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  10 d.  Addrvss 
" Mechanical  Engineer^  53,  New  Bailey  Street,  Manchester. 

MECHANICAL  1912. 

C'.i rliuretters  of  internal-comlnistion  engines.    Redknap.  26299. 

1913. 

Starting  systems  for  engines.    Kettering.  3"'V). 

Feeding  devices  for  oil  engines.    Renault.  f",)7. 

Vaporisation    of    liquid    fuels  for    intornal-comhustioii  engines. 

Tivey  &  Dale.  1072G. 
►Scale  scrapers  tor  l>oiler  tubes.    Nirnscou.  10784 
Heating  installations.    J\rellersh-Jackson.  10799. 
i  nternal-conil)iistion  motors.    Miller.  110:27. 

Transmission  of  i)o\ver  l»v  cliains  and  pulleys.  Jeffreys  &  INfuir- 
liead.  11151. 

Rotary  valves  for  internal-combustion  engines.    Ellis.    1 1291. 
Laminated  springs.    Brndbuni,  Forder,  &:  Fortler.  11319. 
Automatic  coupling  <^oa v  ior  railway  cars,    (larankin.  11337. 
Bedplates  or  frames  of  interiutl-conihustioii  olivines.    Bentall  aiul 

Hin^ham.  11344. 
Steel  manufacture.     British  Thomson-Houston  Company.  11370. 
Muffle  and  similar  furnaces.    August's  Whiffle  Furnaoos,  Ltd.,  and 

August.  11386. 

Cooling  and  lubricatinp;  the  valves  of  internal-combustion  engines. 
Hen'.  11479. 

1  nstruments  for  measuring  the  velocity  of  flow  of  fluids.  Contzen. 
11513. 

Wire  jopeways.    Conrad.  ll'.'iO. 

Vaporisers  or  carburetters  for  intern  a  1-comhustion  engines. 
-、 1, vers.  11763. 

Ca rliuretters  tor  inteinial-comhustion  engines.    IVTyers.  11704. 
Ca  rhu  retters.    Myers.    1 1 765. 
Engine  starters.    Myers.  11766. 

Valve  gear  for  intern al-combtistion  engines.    Jones.  12-*>41. 
Internal-combustion  engines.    Atwood.  V273^. 

Means  for  automatically  controliing  and  I'pgulntin^  winding 
engines.    Butterley  Company,  and  Drabble.  12764. 

Force-feed  lubricators.  Electric  Ignition  Comjianv,  (1913),  and 
Harper.  13l>ll. 

Speed  controllers.    Douglas.  13887. 

Apparatus  for  stopping  trains  indepwdfMit] v  of  drivers.  Brun- 
skill,  14906. 

Four-stroke  cycle  explosion  motors.  Hoc.  ties  IVIoteurs  Gnome. 
1497.5, 

Valves.    Skelland.  15451. 

Safety  susp^ndin^  devices  for  mine  cages.    Pearson.  18214. 
Steam  traps  for  low-pressure  steam-lieating  systems.  Bousfield 
18825. 

Furnace  efficiency  meters.    Blonck.  19558. 

("lain  grate  furnaces.    Bermis.  20079. 

Power  transmission  mechanism.    Phillips.  20298. 

Self-starters  for  internal-combustion  motors.    Diehl.  20823. 

Reversino;  gearing  for  cranes.    Bal>cofk  and  Willcox,   Ltd.,  and 

Hollick.  22141. 
Kxplosion-en^ine  valves.    Pfleiderer.  23870. 

Explosion  motor  having  cylindrical  slide  valves.  Vernaz  &  Piotet. 
24225. 

Carburetters  for  oil  engines.    Snapper.  26118. 

Two-stroke  internal-combustion  engines.     Every-Clayton.  28115. 

Automatic    air-inlet   controlling    device   for  internal-combustion 

engines.    Jiangan.  28-1 
Sand 動 ii lding  machines.    Oetling.  28526. 
Fire  bars.    Bennis.   291  (Ki. 

1914. 

Internal-com}"istion  engines.    Anzani.  387. 

Cooling    of    cylinder    covers    of    internal-combustion  engines. 

Maschinenfal)rik  Augsburg-Nurnberg  Akt-Ges.  965. 
Ball   hearings.     Deutsche   WafFen   und   Munitionsfahriken  unci 

Heinrich.  2295. 
Adjustable  spanners.    Muller.  7307. 

Valve  gear  for  internal-combustion  engines.    Bentall  &  Bingham 
8667. 


ELECTRICAL,  1913. 

Elertrioal  printing  telegraphs.  Soldatenoow 
Trolleys  for  eleotric  traction  systems. 

struction  Company.  3857. 
Systems  for  supplying  from    high- pressure    mains  continuous 

eur 冊 t  at  a  lower  pressure.    Graham  &  Rickets.  10920. 
Means  for  controlling  elpotric  cirouits.    Leitner.  11115. 


Telephone  exchange  system.    Corwin.  11177, 

Wireless  telegraph  traiism itters.    Marconi.  ]l:i71. 

Means  lor  detecting  continuous  ole<  trical  oscillations.  ISIarconi's 

Wireless  Tele^rapli  Company,  and  Franklin.    J \4-r>'A. 
Svnchroiious  dynamos.    Kost'iilwg.  1 

Trolleys  for  oleotrie  traction  systems.  Mimro,  and  R.  E.  T  Con- 
struction Company.  11029. 

Production  of  electrical  resistance  materials.  Kesisto-Eleftrical 
Manuhu'turing  Company,  and  l{nzi<-ka.  1197.r). 

Klectrio  are  lamps,    "ailing  &  A n^old .  12,919. 

Devices  for  braking  electric  motors.  Kliiikciihor^. 

KI'M-trio  elements  for  cooking.    Venner.  13988. 

Sparking  plu^s  for  internal-combustion  engines.  Eleftric  Ignition 

Company,  (1913),  and  Cox.  15974. 
Manufacture  of  electrolytic  iron.    Soc.  Anon.  "  Le  Fer.，，  16565. 
I^lectrodes  for  searchlights.    Ge!».  Siemens  &  Co.  28286. 
Current   interrupting   devices   for   electric   i^uitin^  apparatus 

Schroter  &  Kiister.  28535. 
Electrolytic    converter    for    the    transformation    of  alternating 

f'urrent  at  a  lower  pressure.    Grnham  &  liir-kpts-.  l()i>i>(l. 

1914 

Electrical  control  systems  for  motors.    (Jirardelli.  1265. 
Arc  lamps.    Hughes.  2737. 


METAL  QUOTATIONS. 

TUESDAY,  JUNE  2nd. 

Aluminium  ingot   86/-  per  cwt. 

，，        wire,  according  to  sizes,  Sec  from  107/4  ，， 

，，         sheets        ，，  -，，   ，  112/ -  " 

Antimony  £27/-/-  to  £28/-/-  per  ton. 

Brass,  rolled   7*|d.  per  lb. 

" tubes  (brazed)    9gd.  ,， 

"       ，，    (solid  drawn)   7Jd.  ，， 

"       ，， wire  •   7Jd.  " 

Copper,  Standard   £C3/-/-  per  tnn. 

Iron,  Cleveland   51/3  " 

，， Scotch   57/3  ，， 

Lead,  English    £19/10/-  " 

，， Foreign  (soft)   £19/2/6  ，， 

Mica  (in  original  eases),  small    fid.  to  3/-  per  lb. 

"  v  ，，       medium   3/6  to  6/-  ，， 

"  "  "       large   7/6  to  11/— " 

Quicksilver    £7/-/-  per  bottle. 

Silver   26 Jd.  per  oz. 

Spelter    £21/7/6  per  ton. 

Tin,  block   £142/15/-  per  ton. 

Tin  plates,  I.C   12/3  per  box. 

Zinc  sheets  (Silesian)    £24/10/-  per  ton. 

，，         (Stettin  ；  Vieille  Montagne)   £24/12/6  " 


Institution  of  Water  Engineers.  ― The  summer  meeting  of 
this  Institution  will  be  held  at  Stockport  on  the  11th,  12th, 
and  13th  of  June.  Several  important  papers  will  be  read  and 
discussed  during  the  meeting,  while  an  interesting  programme 
of  visits  to  works  has  been  arranged.  The  president  of  the 
institution  is  Mr.  Thomas  Molyneux,  waterworks  engineer  to 
the 
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Mnnro,  and  R.E.T.  Coiv 


The  Junior  Institution  of  Engineers  :  North-western  Section. ― 

A  meeting  of  this  section  was  recently  held  in  Manchester, 
when  a  discussion  on  "  The  Use  and  Abuse  of  Gauges yy 
was  opened  by  Mr.  J.  Hulme.  Various  types  of  gauges  were 
explained  and,  in  many  cases,  illustrated  by  samples,  which 
included  callipers,  micrometers,  Vernier  limit  gauges  (both 
snag  and  ring  and  plug),  and  length  rods.  The  value  and 
necessity  of  gauges  in  multiple  manufacture  was  expatiated 
upon  and  practical  results  detailed.  The  question  of  inter- 
changeability  of  parts,  especially  of  replacements  at  long 
distances  from  the  manufacturers'  works,  was  dealt  with,  it- 
being  pointed  out  that  wear  of  existing  parts  may  easily 
prevent  a  new  part  (although  absolutely  to  gauge)  giving 
satisfaction  when  introduced  into  an  old  machine.  Numerous 
instances  were  given  of  the  abuse  of  gauges,  such  as  physi- 
cal abuse  of  the  gauges  themselves,  using  a  gauge  on  a  part 
that  was  afterwards  painted,  using  gauges  whose  limits  had 
been  improperly  determined,  and  failing  to  instal  an  inspec- 
tion department  along  with  the  introduction  of  gauges  into  a 
factory. 
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Measurement  of  Smoke  Density  from  Boiler  Chimneys. 

The  last  issue  of  "  The  Electrician  "  gives  a  description  of  an 
interesting  piece  of  electrical  apparatus  that  has  been  devised 
by  Prof.  W.  W.  Strong,  an  American  investigator,  who  has 
for  some  time  been  devoting  himself  to  various  questions 
relating  to  the  smoke  problem.  As  many  steam  users  and 
engineers  who  have  had  to  deal  with  smoke  prosecutions 
here  will  be  aware,  the  question  of  smoke  density  is  a  point 
011  which  the  evidence  is  often  contradictory.  "  Black 
smoke/'  as  it  issues  from  the  chimney  top  is,  in  the  absence 
of  scientific  standards  of  comparison  or  measurement,  not 
easy  to  define,  and  it  is  difficult  to  controvert  the  evidence 
of  a  smoke  inspector  who  tenders  nothing  in  evidence  but 
his  unchecked  statement  when  a  prosecution  is  instituted. 
Though  magistrates  have  usually  little  but  this  to  go  upon  in 
judging  offences,  it  cannot  be  considered  satisfactory,  and  in 
view  of  the  Departmental  Committee  now  sitting  and  the 
importance  which  promises  to  attach  before  long  to  the  wliole 
problem  of  smoke  emission  in  manufacturing  towns,  refer- 
ence to  the  methods  of  measuring  smoke  density  may  be 
opportune.  Several  have  been  devised,  the  best  known 
and  probably  the  most  practical  so  far  being  that  introduced 
by  Ringelmann,  who  adopts  six  conventional  scales  ranging 
from  white  to  black,  with  four  intervening  shades,  Nos.  1， 
2,  3,  and  4.  No.  1  is  formed  by  ruling  black  parallel  lines 
1  mm.  thick  at  right  angles  to  each  other  10  mm.  apart  from 
centre  to  centre  so  as  to  form  white  spaces  9  mm. 
square  ；  in  No.  2  the  lines  are  2*3  mm.  thick  and  7  7  urni. 
apart  ；  in  No.  3，  3*7  mm.  thick  and  6*3  mm.  apart  ；  and  in 
No.  4，  5  5  mm.  thick  aud  4  5  mm.  apart.  These  four  scales 
practically  constitute  the  standards  of  comparison, 
since  the  extremes  of  all  white  or  all  black  seldom 
come  into  consideration.  Sheets  of  paper  about  lSin.  square 
with  scales  ruled  as  indicated,  wbeu  placed  at  a  distance  of 
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about  60ft.  to  80ft.  (depending  on  the  eye  of  the  observer), 
resolve  themselves  into  a  uniform  tint,  which,  if  placed 
between  the  observer  and  the  chimney,  may  be  used  for  the 
purpose  of  comparison  with  smoke  issuing  from  the  (、himm'v、 
and,  if  there  be  two  observers  to  confirm  these  comparisons, 
they  obviously  may  be  regarded  as  fairly  reliable.  The 
method,  it  must  be  admitted,  is  somewhat  clumsy,  and,  owing 
to  the  position  of  buildings,  &c.，  is  not  always  applicable,  but 
when  it  is  it  at  all  events  affords  more  rational  comparisons 
than  the  individual  judgments  of  observers,  resting  only 
on  memory  and  affected  by  the  condition  of  the  sky,  as  well 
as  their  position  with  regard  to  the  smoke  and  whether  it  is 
seen  by  reflected  or  transmitted  light.  Observers  themselves 
differ  as  to  what  constitutes  "  light,"  "  dark,"  and  "  black/' 
and  the  most  unprejudiced  one  watching  a  stream  of  smoke  of 
changing  density  will  find  great  difficulty  in  drawing  dividing 
lines.  The  defects  in  Ringelmann's  methods  were  largely  recti- 
fied iu  an  instrument  shown  by  the  Austrian  Society  of  Steam 
Boiler  Owners  at  the  Paris  Exhibition  in  1900.  This 
instrument  consists  of  two  concentric  tubes,  the  inner  one 
having  glass  ends  and  being  also  fitted  with  branches  so  that 
a  continuous  stream  of  smoke  or  furnace  gas  can  be  led 
continuously  through  it.  One  end  of  the  inner  tube  is 
illuminated  by  an  electric  lamp  of  definite  caudle-power.  At 
the  opposite  end  is  a  transparent  annulus  with  Ringel- 
mann's  scales  to  a  reduced  pattern  drawn  upon  it,  so  that 
the  scale  and  colour  of  the  smoke  as  seen  through  the  inner 
tube  are  viewed  from  the  same  source  of  light  and  thus 
permit  of  comparisons  being  made  between  the  scales  and  the 
smoke  in  the  internal  tube.  Though  instruments  of  this  kind 
have  been  used  on  the  Continent^  they  have  not  so  far  as  we 
are  aware  been  adopted  in  this  country,  and  it  would  not  be 
difficult  even  to  raise  objections  to  smoke  density  readings 
taken  in  this  way  owing  to  troubles  in  securing  fair  samples 
of  smoke,  and  the  fact  that  the  instrument  does  not  furnish 
a  record.  The  new  type  of  electrical  indicator  devised  by 
Prof.  Strong  aims  to  remedy  some  of  these  defects,  but  as  it 
involves  considerable  electrical  knowledge  to  understand  its 
working  and  operation  it  will  hardly  appeal  to  the 
average  steam  user  or  engineer  in  charge.  Briefly, 
the  action  of  the  apparatus  turns  upon  the  fact 
that  flue  gases  when  smoke  is  not  present  are  strongly 
ionised,  in  other  words,  are  a  better  conductor  of  electricity, 
so  that  if  an  alternating  current  is  applied  to  a  sparl^  gap 
placed  in  the  flue  and  so  adjusted  that  a  discharge  takes  place 
when  the  flue  gases  are  normal,  the  presence  of  additional 
smoke  will  prevent  electrical  discharge  and  cause  in  that 
event  the  discharge  to  pass  between  two  other  spark  gaps 
situated  outside  the  chimney  under  ordinary  atmospheric 
conditions,  in  which  case,  by  means  of  suitable  electrical 
connections,  it  may  be  made  to  ring  a  bell  or  control  some 
other  signalling  device  within  sight  of  the  stoker,  who  is 
often  so  situated  that  he  cannot  see  the  chimney  top  and  thus 
make  him  aware  that  the  smoke  conditions  are  abnormal. 
Such,  briefly,  is  the  theory  of  the  apparatus.  Whether  it 
would  be  sufficiently  reliable  under  the  rough  daily  conditions 
of  boiler  working  is  another  matter ;  but  as  an  effort  to  deal 
with  a  point  in  connection  with  smoke  prosecutions  that 
nearly  always  gives  rise  to  contradictory  evidence  it  is  worth 
placing  on  record.  A  close  study  of  such  a  smoke  indicator, 
it  may  be  well  to  point  out,  would  in  any  case  be  a  poor 
substitute  for  a  good  C02  recorder,  of  which  there  are  now 
several  reliable  types,  and  an  intelligent  comprehension  of 
which  by  the  stoker  is  a  better  guide  to  boiler  economy  than 
a  study  of  the  colour  of  the  smoke. 


SELECTION  OF  MATERIAL  FOR  CASTINGS. 

In  ； i  paper  on  "  The  Properties,  Tro  if-in^nt,  and  Selection  of 
I  run  and  Steel  For  Engineering  Purposes,"  read  recently 
before  ( 'leveland  Engineering  Society,  Mr.  James  H. 

Herron  said  thai  in  the  case  of  castings  that  were  only  sub- 
jected to  a,  condition  of  static  loading,  and  where  no  limits 
of  space  or  weight  were  prescribed,  iron  castings  answered 
the  purpose  in  every  way.  They  not  only  offered  the  easiest 
problem  in  castings,  but  were  subject  to  less  shrinkage  and 
were  much  easier  to  machine  than  castings  made  from  other 
material.  For  this  reason  iron  castings  were  satisfactory  to 
use  in  machine  parts  and  formed  the  bulk  of  such  castings. 
There  were,  of  course,  conditions  of  loading  where  it  was 
not-  one  of  static  condition,  but  in  a  measure  dynamic,  as 
in  the  steam  engine,  but  the  rate  of  change  in  the  stress  was 
uniform,  and  the  reversal  of  stress  took  place  in  an  appre- 
ciable length  of  time,  so  that  it  might  be  considered  perfectly 
feasible  to  use  castings  of  this  character  if  a  unit  stress  was 
selected  sufficiently  low.  Steam  engine  builders  allowed  a 
very  low  unit  stress  on  all  cast  iron.  In  machine  design 
unit  stresses  allowed  were  inversely  proportioned  to  the 
service  expected.  Many  designers  did  not  exceed  a  unit 
stress  of  2,0001bs.  for  ordinary  conditions,  assuming  that 
the  requirement  varied  from  zero  to  a  maximum  minus.  The 
compressive  stress  was  usually  regarded  as  negligible.  In 
steam  cylinders,  or  other  containers  for  an  elastic  fluid,  the 
unit  stress  was  often  as  low  as  4001bs.  As  a  rule  castings 
were  subjected  to  a  stress  as  above  given,  i.e.,  from  zero 
tr>  a  maximum  plus  or  minus.  This  condition  of  loading 
had  not  in  the  past  been  considered  one  of  dynamic  char- 
acter, but  it  was,  nevertheless.  Engineers  while  not  gene- 
rally recognising  such  condition  allowed  for  it  in  the  low 
unit  stresses  assumed. 

Where  a  greater  strength  was  required  than  in  cast  iron 
the  semi-steel  casting  could,  the  author  observed,  be  resorted 
to  and  seemed  to  give  satisfactory  results.  There  was  a 
question  whether  semi-steel  castings  could  be  depended  upon 
to  show  a  consistent  ductility.  There  were  tests  of  these 
castings  which  showed  an  appreciable  elongation,  although 
there  was  no  way  from  the  test  or  analysis  of  ascertaining 
the  proportion  of  steel  entering  into  the  mixture. 

Where  still  additional .  strength  was  required  and  a  con- 
siderable toughness,  the  malleable  casting  offered  an  excel- 
lent solution,  especially  where  the  castings  were  small.  The 
malleable  casting  should  not  be  confused  in  value  with  steel 
forgings,  as  the  only  part  that  was  at  all  ductile  was  the 
outside  skin.  Malleable  castings  were,  in  the  author's 
opinion,  of  about  twice  the  value  of  grey  iron  castings. 

Where  combined  strength  and  ductility  were  required 
the  steel  casting  was  the  only  form  that  could  be  used  where 
a  cast  shape  was  necessary.  One  of  the  great  objections  to 
steel  castings  was  the  danger  of  superficial  blow-holes,  so 
that  where  a  clean  finished  surface  was  required  it  was  well 
to  substitute  some  other  form  of  casting,  unless  sufficient 
confidence  could  be  placed  in  the  foundryman  to  furnish  the 
proper  material.  There  was  no  question  that  castings  could 
be  made  free  from  blow-holes  if  proper  precaution  was  taken, 
and  from  personal  observation  by  the  author  both  vanadium 
and  titanium  treated  steel  had  proved  iu  every  way  satisfac- 
tory for  castings.  Not  only  had  the  steel  been  free  from 
blow- holes,  but  it  had  been  rendered  much  denser  by  the 
expulsion  of  the  occluded  gases. 

Dealing  with  the  proper  design  of  castings,  the  author 
stated  that  these  should,  if  possible,  be  of  uniform  cross- 
section  with  the  corners  well  rounded  and  generous  fillets  in 
the  angles.  This  was  especially  the  case  in  steel  castings 
where  the  shrinkage  was  large.  When  iron  and  steel  solidi- 
fied the  crystals  forming  tended  to  set  themselves  normal  to 
the  surface,  consequently,  when  the  corners  were  square,  a 
plane  of  weakness  was  formed,  the  plane  bisecting  the  angle 
at  the  corner. 

The  value  of  the  haminer  forging  was  in  the  mechanical 
refining  which  took  place  throughout  the  entire  mass  due 
to  the  equal  hammering  of  the  forging.  In  the  drop  forging 
the  hammer  tended  to  hammer  one  part  of  the  forging  much 
greater  than  oilier  parts,  resulting  in  unequal  stresses  which 


June  V2,  1914J 


THK    MKCIIANICAL  ENGINEER. 


547 


icn(l(M|  to  either  wo;ikcn  I  lie  ina  I  cri;i  I  or  ('； ； i  sultsciiucni 
distort  ion.  With  t  lie  i>m|>(T  lic;i  i  1  ici  I  mcnl  ； i  (h.',j»  t'or^in^ 
would  be  of  equal  v;ilu<、  (o  the  ha  nmicr  tor^in^  provided  it, 
had  had  care  in  heating  For  1  lie  forging  o]>c rat  ion.  Uni'or- 
tunaiely,  there  was  a  lencioncy  to  overheat  tlir  si  eel  (o  liavc 
i t  ronform  readily  to  t  lir  sli;i  pc  of  t  lie  die  a  ti<l  1  <»  ]  «  ( I  ikt  1  he 
work  involved  in  forging  to  a  lniiiinuun.  Tliis  w;is,  of  course, 
a,  great  mistake  and  const  ituted  the  cliicf  ohjeel  ion 
to  drop  forcings.  There  was  one  point  in  drop 
forcings  that  should  not  be  overlooked,  iiaincly,  t all  drop 
forgin^s  sulijectod  to  any  very  considerable  stress  should  lie 
either  annealed  or  heat  t  rented  hoi'orc  use.  This  \v;ts  v('rv 
imperative  with  goars  wliw  t iicy  w(、r(，  to  lu、  suliscijiicnl  Iv 
liardened  or  tiMiipn'od  and  sliould  ho  done  prior  to  1  \\v  m;i 
cliiiiing  operation,  so  1 1 i ;» t  t  ho  distortion  result  in^  t  i  oni  1 1  u.' 
annealing  operation  might  l)e  machined  out. 


A  COMBINED  VERTICAL  AND  LOCOMOTIVE  BOILER. 

Thk  acconipanying  illustrat ions  show  n  tlcsi^n  of  r(,mlnn('il 
vert ical  and  locomotive  boiler,  the  invention  of  Mr.  K.  V'\v\o,-k, 
of  Landshuterstrasse  14，  Berlin.  The  air  for  comhusi  ion  is 
heated  in  a  chamber  having  a  stepped  wall.  This  i'liaint)or  is 
situated  between  the  vertical  boiler  and  the  horizontal  loco- 
motive boiler,  and  the  air  for  combustion  is  conducted 
through  passages  and  distributed  beneath  the  fire-grate.  Tlio 
combustion  gases  strike  against  Hie  stepped  wall,  heating  it  to 
iiuvnidescence,  and  are  deprived  of  floating  ashes  before  pass- 
ing through  the  smoke  tubes  into  the  smokebox. 

Fig.  1  is  a  longitudinal  section  of  the  steam  generator  ； 


，m《 S  of  a  size  calculalcd       gi、"  tin*  small*  .^t  'n,^s  、'■'•"'，" 
a  d os i red  maximum  vclocil y       t  lie     i-rs  sr>  t  li;it   1  lie  (*-r 
"my  siriko  with  gnv"  卜 itv  against  \ \w  arrh  J|.  This 

violent  impact  with  tlie  steps  of  ilie  arch  causes  the  gaseH  to 
mix  int  imal  cly  and  ； it  I  he  same  time  to  sc|»ar;it  r-  r>ut  t  In- 
solids  carried  witii  t  lie  iscs,  1  he  solids  lallin^'  in",  the 
collecting  space  T  of  ihf  ''li'imli'  r  Iv  Wil  h  1  Itis  ； irran^friM  iit 
comploio  coinhiist  if)ii  is,  it  is  cljiimcd,  ol»i  aiiu-fl,  wliiW*  ,'mii  i  mi 
of  burning  fuel  from  ilie  cliiiimcy  and  t  Ih*  rl",kiiig  l»v  ；卜 I"' 
of  the  smoke  tubes  in  t  he,  locoinol  ivo  boiN  r  ;m'  |'r;i'  l  i' ;i  II  v 
avoided.  The  air  entering  iho  opfnin^  J  above  ilu*  ； ir'!i('fl 
roof  becomes  heated  in  ilie  space  1*  hy  t  lir;  uppr:!1  hri<*k  wf;rk 
and  also  hy  passing  along  1  \\v  channfls  G  round  t  lie 
walls  F,  the  heat  being  taken  u]>  by  iron  |»l;it<s  ； m;m_，'i 
between  projecting  parts  K  of  i  lie  l"  "  k  walls,  wliilo  at  » l:c 
same  time  the  air  cools  the  walls  and  so  causes  same  to  last 
longer  than  tlirv  would  ot  ln  rwisc. 


INTERNATIONAL  ENGINEERING  CONGRESS,  1915, 

Among  the  general  subjects  to  be  treated  before  the  IiiI't 
national  Engineering  Congress,  to  be  held  ； it  S;m  Kr;i no  *■<,, 
Cal.,  September  20th  to  25tli，  1!)1.、，  proli.ililv  the  diic  lia ving 
the  broadest  interest  is  that  of  Materials  of  En^iiu'crin^ 
Construction,  which  enters  into  all  phases  of  cn^inci  riir_' 
activity.  The  list  of  topics  which  will  l)e  treated  in  Hi 卜 
section  is  as  follows :  (1)  Timber.  (2)  Preservative  Treat  - 
ment of  Timber.  (3)  Substitutes  for  Timlier  in  EngiMcerin^ 
Construction.     (4)   Brick  in  Engineering  Structures.  (5) 
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Pig.  1. 

and  Locomotive  Boiler. 


1'igs.  3  AND 


Fig.  2  is  a  cross-section  taken  on  the  line  A ― B  of  Fig.  1  ； 
Fig.  3  is  a  cross-section  through  the  fire-grate  and  ash-pit  ； 
and  Fig.  4  is  a  horizontal  section  taken  on  the  line  C ― D  of 
Fig.  3.  Between  the  vertical  boiler  and  the  horizontal  loco- 
motive boiler  is  the  combustion  chamber  E,  in  which  are  <  mii 
tained  walls  F  of  refractory  material  which  separate  t  lie  inner 
space  from  the  outer  walls  of  the  chamber  and  leave  channels 
G  at  both  sides  for  the  air  supply  to  the  grate  of  the  vert 
boiler.  In  the  chamber  E  surrounded  by  walls  F  there  is  a 
depending  wall  H  in  the  form  of  an  arch  composed  of  st cps 
facing  towards  the  vertical  boiler,  the  arch  being  of  refract urv 
material  and  rendered  incandescent  by  the  flames  from  1  he 
fire.  The  lower  part  of  the  chamber  E  receives  thr  ashes 
separated  from  the  fire  gases  in  striking  the  arch .  The  air 
suppl\r  for  the  grate  enters  through  a  closeable  aperluic  ,1  and 
passes  along  the  channels  G  and  through  a  door  K  into 
channels,  built  in  the  ash-pit,  and  so  beneath  the  grate. 

Tlio  ash-pit  M,  shown  sr]>;ir;itely  in  Figs.  3  and  4，  is 
entirely  closed  during  working,  cinders  being  prevented  from 
falling  out  and  air  being  supplied  from  the  chan- 
nels to  the  sides  and  the  middle  of  the  grat-e.  The 
passages  are  tapered  ，  as  shown  in  Fig.  '1  ，  so  as 
to  widen  towards  the  front  of  the  lmil('r，  i.r.、  in 
the  direction  of  tlie  flow  o(  t  lir  air,  so  as  to  ensure  hcticr  dis- 
trihution  of  the  air.  Tlie  air  current  can  l>o  regulated  by 
means  of  the  door  K  from  the  exterior,  ！ For  the  supply  of  air 
above  the  grate  there  are  provided  clist rihxit  ing  nozzles  N 
along  the  rear  wall  of  the  vertical  boiler,  those  nozzles  receiv- 
ing air  from  the  channels  G  and  being  cont rollod  by  a  slide 
extending  along  the  entire  wall  of  the  firebox.  Tho  fire  gases 
in  leaving  the  vertical  boiler  O  have  to  pass  through  an  open- 


Clay  Products  in  Engineering  Structures.  (6)  Probable  and 
Presumptive  Life  of  Concrete  Structures  made  from  Modern 
Cements.  (7)  Aggregates  foe-  Concrete.  (8)  Slag  Cement. 
(9)  Waterproof  Concrete.  (10)  Cements  containing  Addi- 
tions of  Finely  Ground  Foreign  Material.  (11)  Economics 
of  the  World's  Supply  of  Iron.  (12)  The  Life  of  Iron  and 
Steel  Structures.  (13). The  Employment  of  Special  vSteel  in 
Engineering  Construction.  (14)  The  Place  of  Copper  in  tlie 
Present  Engineering  Field,  and  the  Economics  of  the  World  s 
Supply  Thereof.  (15)  Alloys  and  Their  Use  in  Engineering 
Construction.  (16)  Aluiniiiium  iu  Engineering  Construc- 
tion. (17)  The  Influence  of  the  Testing  of  Materials  upou 
Advances  in  the  Designing  of  Engineering  Structures  and 
Machines.  (18)  Cement  Testing.  (19)  Testing  of  Metals. 
(20)  Testing  of  Full-sized  Members.  (21)  Proof  Testing  of 
Structures.  Tlie  papers  to  be  presented  from  the  Unit'  d 
States  have  already  been  arranged  for  from  the  recognised 
leading  authorities  on  the  various  topics.  Arrangements 
for  the  papers  from  foreign  authors  are  being  rapidly  con- 
cluded, and  the  aggregation  of  papers  which  will  be  pre- 
sented will  constitute  a  broad  review  of  tlie  field  and  be  of 
Hie  highest  value.  Marked  interest  in  tlie  Congress  from 
foreign  countries  con tiuues,  and  there  is  every  evuleiu-o  llt.it 
the  attcnclance  from  abroad  will  be  large.  Full  in  forma  tiou 
concerning  the  Congress,  the  price  of  subscription,  and  the 
arrangement  for  purcliase  of  volumes  of  the  proceedings,  may 
be  obtained  by  addressing  the  Committee  of  Management, 
International  Engineering  Congress,  1915,  Foxcroft-  Build- 
ing, San  Francisco.  Cal..  U.S.A. 
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INTERNAL  STRAINS  IN  COLD-WROUGHT  METALS,  AND  SOME 
TROUBLES  CAUSfcD  THEREBY, 

BY  PROF.  E.  HEYN.f 

(Concluded  from  page  529.) 
In  forgings  sometimes  defects  occur  as  illustrated  in  Figs.  22 
and  23.  Fig.  22  refers  to  a  hot-forged  piston  rod  made  of 
malleable  brass  (about  40  per  cent,  of  zinc).  It  broke  after 
a  very  short  period  of  working,  one  of  the  fractured  pieces 
slmwing  a  hollow  cone  II  (indicated  by  the  broken  lines  in 
the  figure),  the  other  a  cone  I，  fitting  into  the  hollow  II.  The 
two  parts  I  and  II  were  separated  from  each  other  by  an 
intervening  space,  and  were  coherent  only  within  a  small 
annular  area  of  the  thickness  d.    This  latter  being  unable  to 


Fig.  22. 


FtG.  23. 


bear  the  working  load  to  which  the  piston  rod  was  subjected, 
failure  was  sure  to  ensue.  There  was  in  the  appearance  of 
the  rod,  even  after  finishing  on  the  lathe,  not  the  least  indica- 
tion of  the  dangerous  internal  fracture.  The  same  applies  to 
the  tensile  test-bar  in  Fig.  23.  It  had  been  machined  in  the 
ordinary  way,  showing  no  sign  of  any  irregularity.  Pulled 
in  the  testing  machine,  it  broke  at  a  very  low  load  into  three 
pieces,  two  of  which  are  reproduced  in  Fig.  23.  They  fit  into 
each  other  like  a  dagger  into  its  sheath. 

In  order  to  give  the  explanation  of  the  phenomena  stated 
in  the  preceding  paragraph,  attention  must  be  directed  to  the 
following  well-known  experiment.  A  round  bar  of  soft  steel 
was  hammered  in  the  cold  under  a  rapidly  acting  machine- 
hammer,  the  bar  being  uninterruptedly  turned  round  its  axis. 
The  mutual  position  of  hammer  and  bar  is  shown  in  Fig.  24. 
The  effect  was  a  longitudinal  crack  rr  in  the  axis  of  the  bar, 
as  shown  in  Figs.  24  and  25.  If  we  consider  a  cross-section 
through  the  bar  (Fig.  24，  right  liand),  the  outer  layer  a  is 
directly  influenced  by  the  blows  of  the  hammer  and  is  there- 
fore stretched,  more  severely  than  the  central  core  i,  which 

*  May  lecture  delivered  before  the  Institute  of  Metals,  May  12th,  1914. 
t  Royal  Technical  Institute,  Charlottcnburg,  and  Director  of  the  Royal 
Prussian  Institute  for  Testing  Materials,  Bcrlin—Lichterfeldc. 


acts  like  an  anvil.  Hence  the  ring  a  tends  to  increase  its 
diameter,  whilst  the  core  opposes  this  tendency,  being  itself 
subjected  to  radial  strains  in  an  outward  direction.  When 
the  hammering  is  continued  to  a  sufficient  degree  the  stresses 
set  up  may  exceed  the  resisting  power  of  the  material  - 
Since  the  stresses  are  greatest  in  the  axis,  internal  fracture 
will  be  produced  in  this  axis  along  the  line  rr  in  Figs.  24 
and  25.  Hot-forging  may  lead  to  similar  results  when  the 
work  is  done  under  a  hammer  of  too  small  a  weight  falling 
with  great  velocity,  or  when  the  bar  was  unequally  heated 
before  forging. 

Whilst  in  the  example  referred  to  in  Figs.  24  and  25  the 
ultimate  tensile  strength  was  exhausted  in  a  direction  cross- 
wise to  the  axis  of  the  bar,  giving  rise  to  a  longitudinal 
crack,  it  is  also  possible  that,  in  consequence  of  the  more 
pronounced  effect  of  stretching  in  the  superficial  layers  as 
compared  with  the  inferior  effect  in  the  core,  the  longitudinal 
stresses  may  reach  the  tensile  limit,  which  must  lead  to 
internal  transverse  fractures  within  the  core.  On  hammering 
being  continued,  these  fractures  assume  a  cuplike  shape  on 
account  of  the  unequal  stretching  in  the  different  layers  in 
various  distances  from  the  axis.  Finally  the  fractures  show 
the  appearance  illustrated  in  Figs.  22  and  23. 

Let  us  now  consider  the  question  whether  and  to  what 
degree  the  indications  of  the  ordinary  tensile  test  may  be 
affected  by  internal  strains,  for  instance,  by  those  due  to 
cold-working.  Above  all,  it  is  important  to  know  whether 
the  tensile  test  gives  the  correct  amounts  of  the  limit  of 
proportionality,  of  the  yield-point,  the  correct  relation 
between  stress  and  strain  in  test-pieces  affected  by  internal 
stresses. 

Let— 

/,  be  the  sectional  area  of  the  outer  layer  I  in  Fig.  3. 
ju  ，，  "  central  core  II  " 

/  =  /i  +  /„■ 

+  toj  be  the  internal  stress  (tension)  in  I  - 

— crOj!     "         ，，  "     (compression)  in  II. 

+  wl       "      elastic  elongation  per  unit  of  length  in  I, 

brought  about  by  stress +  0^. 
一  wn  be  the  elastic  compression  per  unit  of  length  in  II 

brought  about  by  stress  ―  (ron. 
E  be  the  modulus  of  elasticity.  • 
o-        "    stress  reckoned  per  unit  of  sectional  area. 
€        "    strain  per  unit  of  length,  measured  between 
marks  on  the  test-bar  under  a  load  producing 
stress  o*. 

Let  us  assume  that  core  II  has  undergone  more  severe 
colcl-stretching  than  the  outer  layer  I，  which,  as  was  stated 
above,  leads  to  internal  tension  stress  +(rol  in  I，  and  internal 
compression  stress  ―  cron  in  II.  In  order  that  equilibrium 
may  be  established  between  the  forces  o-Oj/j  and  ―  o-ouflu  the 
equation 

ooljl  一  cronfn  =  o 
must  be  fulfilled,  consequently 

(tov  _fn 

77， 


or,  since 


<to{  -—  'Ei€(rl  and  aron  = 

€0"!  —fll 

fi ' 


Eeo, 


In  Fig.  26,  in  which  the  strains  e  (reckoned  per  unit  of 
length)  are  plotted  as  abscissae  and  the  stresses  e  (reckoned 
per  unit  of  sectional  area)  as  ordinates,  the  original  state  of 
the  two  portions  I  and  II  in  the  bar,  before  external  load  is 
applied,  is  characterised  by  the  points  C  and  D,  OC  indicating 
the  internal  tension  stress  +  o-o,,  and  OD  the  internal  com- 
pression stress  一  cou.  If  the  two  portions  I  and  II  were 
separated  from  each  other,  so  that  each  could  assume  its 
natural  length,  the  portion  I  would  shorten  elastically  by  the 
amount  OA  =  eou  whereas  the  core  II  would  extend  elastically 
by  the  amount  OB  =  eon,  the  points  A  and  B  representing  the 
stress-free  state  of  the  portions  after  separation. 

Let  us  now  suppose  the  bar  (I  and  II  combined,  and  self- 
strained)  to  be  subjected  to  the  load  Fiy  giving  rise  to  an 
increase 入【 of  the  distance  I  of  the  two  gauge-marks  on  Hie 
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From  the  curves  I  and  1 1  it  is  possil^le  to  find  Uit'  curve  M 
giving  the  relation  between  the  strains  e  =  -厂 (入 being  the 
change  of  the  distance  I  of  the  gauge-marks  on  the  surface  of 


T 

applied  and  f  the  sectioiuil  area  of  the  bar). 


the  bar)  and  the  streshes  (r  = —厂 (where  P  is  the  external  loa-l 
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Fig.  *26. 

Under  the  load  P  二  0，  the  change 入 of  the  gait^o  (l"t;m(  '' 
and  consequently  the  amoiuit  of  e  is  equal  to  zero.  Ileiu-  ■ 
the  curve  M  must  take  rise  in  the  origin  O  of  the  system  of 
co-ordinates.  A  definite  external  load  P1?  im'olviiig  tlio 
strain  e,  measureable  by  the  cluuigo 入〃"' t  he  gauge-length,  gives 
rise  to  the  stress  cr,  =  EF  in  portion  I  and  (ru  =  EG  in  core  II， 


-(0 


20 


-6 


^20  *^0/0 


Fig.  n. 


20 


'10  to' 


Fu;.  '23. 


P2J  P3  ,  .  .，  and  strains  e15  e2,  e3  .  .  the  points  1，  2，  3  .  • 
of  the  curve  M  may  be  traced  as  in  Figs.  27  to  29. 

The  curve  M  is  the  direct  result  of  the  tensile  test.  The 
comparison  of  the  three  figures  shows  how  this  result  will  he 
affected  by  the  presence  of  internal  strains.  In  these  figures 
it  is  assumed  that  the  sum  of  the  internal  strains  tox  -rO)n  is 

kept  invariable,  and  that  only  the  ratio  A.  of  the  sectional 

areas  of  the  portions  I  and  II  varies  from  1:1  in  Fig.  *J7  to 
1  ： 3  in  Fig.  28  and  3:1  in  Fig,  29.  Tlie  shape  of  the  curves 
I  and  II  is  supposed  identical  in  all  three  cases,  only  the 
position  of  the  points  A  and  B  with  respect  to  the  origin  O 

"      Tlie  onlinates  of  II  and  F,  in  which 


,'aries  as  the  ralio 


the  curves  I  and  II  begin  to  deviate  from  the  elasti<-  lines  I' 
and  II',  represent  the  respective  limits  of  proportionality 
0-P|  (  =  40*)  and  (rPu  (  =  60*)  of  the  material  in  the  portions 

I  and  II.   

*  Expressed  iu  arbitrary  units. 


surface  of  the  bar  and 

6j  =  厂1，  tlien  the  total  slri 

AE，  t  he  tot  ;il  st  r;iin  in  ro 
sponding  stresses  are  o,l  = 


ntly  t< 
in  portion 


addit  ional  si i 
11  he  c,  =  co.  + 


i  II  f, 


Fio.  25. 


=c,  —  ro,,  :  BE.  The  rorre- 
(|  a-,i  一  EG.  Tlie  curves  I 
and  1 1  in  Fig.  2(;  an: 
assumed  to  rcpresnil  t  In- 
t  vuv  rcl;ii  ion  between  strain 
and  stress  iti  the  port  ions  I 
and  I  I  of  the  bar.  <  )n 
account  of  the  modulus  ()1 
elasticity  being  tho  s;im('  in 
1  and  I  I，  1  Iu1  two  c.urx'cs  will 
be  parallel  witliin  \\w  <'hs 
tic  ranges  A 1 1  and  BF  re- 
spectively. On  ""、  assuni|)- 
tion  that  the  core  1 1  is  moi c 
severely  cold-siretched  tli;m 
portion  T，  the  yield  poini  1? 
in  the  former  will,  accord- 
ing to  «i  law  generally 
accepted,  be  raised  by  the 
process  of  cold  woikiu^ 
above  the  yield-point  II  oi 
the  portion  I，  wliicli  rv- 
cei vcmI  less  cold-wurk. 


and  to  ilio  average  stress  irx  in  the  total  section  f  of  the  bar, 
(T,  =  ^  .     For  equililjriuin  、v('  nui.st  have 
(ri/  =  tri/i  +  (ri!/n» 

rr,  is  represented  by  or<lin;itf  HI  of  the  curve  M，  pro- 
vided Uiat  the  point  1  in  l'，ig.  2()  is  located  so  iliai  Fl 巧 TG 

and  Gl  =  ('FG.    The  proof  is  us  follows  ： ― 
El  =  EG  +  Gl  =  EG  -I  |' FG 

= o-ii  +  -j  (^i  -  ^n) ； 
El  =  o-,A  +  iT  J  ' 


I  ， 

El  =  o-,      +  o-I( . "卜 

:onsequently 


80 


By  proceeding  in  the  same  manner  for  different  loads  1)【， 

fl  ff  , 

fia'  fa'  ^ 

•t€>  I    M  B'  t  ft  I      M  n 


"nil  1、 


一  or 
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Though  these  limits  are  supposed  to  be  invariable  in  the 
three  cases  shown  in  Figs.  27  to  29,  the  corresponding  limits 
o-PM  in  the  curves  M  found  experimentally  by  the  tensile  test 
may  differ  widely.  Thus  in  the  case  of  Fig.  28  the  limit  o-PM 
lowered  to  about  10*  to  20  in  Fig.  27,  and  to  30  in  Fig.  29. 


Fig.  -29. 

Next  lei  us  consider  the  amount  of  the  stresses  <rce  pro- 
ducing a  permanent  set  r，  or  to  put  it  in  other  words,  the 
stresses  giving  rise  to  strains  indicated  by  the  abscissae  of  the 
curves  I，  II，  and  M  exceeding  those  corresponding  to  the  finely 
dotted  straight  lines  V，  II7,  M'  by  the  amount  x.  Assuming 
x  to  be  4*10~*  (in  arbitrary  units),  the  stresses  orce  in  the 
portions  I  and  II  are  cr" 八 =  52*  and  crce  — & 9.     The  experi- 

*  Expressed  in  arbitrary  un  its.  . 


4-m'luence  of  culd-rolling  on  the  sxkkkgth  i  il'jpekties  < 
Copper  Sheet. 


Electrolytic  Copper  Remelted— Sn=0 ;  Pb  =  0;  8b=0;  As=0;  Bi  =  0; 
Fe<0'01  ；  Al,  traces;  Zn,  traces  ；  Cd  =  0;  Ni,  traces;  S<0"01  ；  O=010 
per  cent. 

cB= Ultimate  tensile  stress  in  kilogrammes  per  square  centimetre. 


0*2   per  cent. 
0"  1    per  cent. 
\>vr  cent. 


I  Sti't'ws  in  kilogrammes  per   square  centimetre 
producing  a  permanent  set  of  

P0"05=  BalUjuxssuif  hardness  according  to  Martens-Heyn  :  pressure  in 
kilogrammes  producing  a  permanent  impression  of  0"05  millimetre  of 
a  5-millimetre  ball. 

fo/f  =  Ratio  of  the  sectional  areas  of  the  sheets  before  and  after  cold- 
roll  ing. 


mental  curves  M  will  indicate  the  following  amounts  of  crce : 
in  the  case  of  Fig.  27  (fl :  /„=  1  : 1)  vcesl=  44,  in  Fig.  28  (/,：/„ 
=  1:3)  acBsl  =  58'5，  and  in  Fig.  29  (/,  ： /„  =  3  ：  1)  <rcesl  =  47, 

From  the  above  can  be  seen  that  the  values  of  the  limit  of 
proportionality,  o-PM,  or  those  of  any  other  limit,  <rceM,  as 
found  by  the  tensile  test,  must  be  highly  dependent  upon  the 
amount  of  internal  stresses  and  upon  their  distribution  over 
the  sectional  area  of  the  bar  tested .  It  is  even  possible  that 
the  limits  o-PM  and  trcesh  which,  according  to  a  law  well 
established,  are  raised  by  cold-work,  may  appear  depressed 
instead  of  raised,  because  the  effect  of  cold-work,  as  indicated 
by  the  tensile  test,  may  be  completely  masked  by  the  above- 
mentioned  effect  of  internal  strain. 

This  affords  an  explanation  for  the  curious  fact  shown  in 
Fig.  30，  which  has  reference  to  cold-rolled  copper  sheets.  A 
sheet  of  hot-rolled  copper  7'5  mm.  in  thickness  was  succes- 
sively cold-rolled  to  5  mm.,  3*4  mm.,  2*3  mm.,  1'5  mm., 
10  mm.  in  thickness  without  intervening  reheating.  The 
corresponding  ratios  /",/  of  the  original  section  /„  before 
cold-rolling  to  the  section  f  after  cold-rolling  are  1'5，  2  21, 
3*26,  5，  7'5，  and  are  plotted  as  abscissae  in  Fig.  30.  The 
ordinates  represent  the  ultimate  tensile  strength  trB  (in  kilo- 
grammes per  square  centimetre),  the  limits  <r02，  q-q.x,  <r(}it - 
(stresses  in  kilogrammes  per  square  centimetre  giving  rise  to 
a  permanent  set  of  0  2，  01，  0*05  per  cent,  respectively),  and 
the  ball-pressure  hardness  P  0.a -  in  kilogrammes. 

Inspection  of  Fig.  30  shows  that  with  increasing  amount 
of  cold-rolling  the  limits  (r02，  o-(II,  <rn.n-,  and  tlie  hardness  P" ',-,， 
first  rise  to  a  maximum  value,  after  which  there  is  a  marked 
decline.  The  latter  behaviour  would  seem  quite  abnormal, 
if  it  were  not  explained  by  the  influence  of  the  internal 
strains  as  set  forth  above. 

I  venture  to  say  that  perhaps  a  good  deal  of  former 
research  work  carried  out  with  a  view  to  elucidating  the  effect 
of  cold-work  on  the  properties  of  metallic  materials  has  been 
baffled  by  that  mysterious  influence  of  internal  strain  which 
has  just  been  explained. 

In  conclusion,  I  wish  to  express  the  hope  that  the  line  of 
research  touched  upon  in  this  lecture  may  be  pursued  in 
order  to  elucidate  and  dissipate,  more  than  I  could  do  myself, 
the  manifold  hidden  dangers  entailed  by  internal  strains  in 
the  mass  of  structural  members. 


INTERNAL-COMBUSTION  ENGINES  FOR  POWER  GENERATION 
AT  COLLIERIES.* 

BY  JOHN  DAVIDSON. 

In  the  early  days  steam  engines  were  practically  the  only  prime 
movers  possible,  but  since  the  advent  of  electrical  transmission 
it  is  generally  recognised  that  the  most  efficient  and  best 
scheme  to  adopt  is  to  put  down  one  large  generating  station, 
and  to  operate  the  various  auxiliaries  electrically.  In  the  end 
this  minimises  the  amount  of  attention  required,  and  gives 
a  flexibility  which  is  impossible  under  any  other  system  in 
vogue  at  the  present  day.  The  most  economical  prime  mover 
is  the  internal-combustion  engine,  which,  is  admirably  suited 
for  colliery  work.  In  cases  where  inferior  coal  is  available,  it 
can  be  used  most  economically  in  gas  producers  of  the  recovery 
type;  and  where  the  total  power  required  is  considerable,  the 
return  for  the  by-products  reduces  the  cost  of  gas  to  a 
negligible  quantity.  Where  by-product  coke  ovens  are  in  use, 
the  surplus  gas  can  be  used  to  the  greatest  advantage  in  the 
gas  engine  ；  and,  of  course,  for  ironworks  the  most  economical 
use  for  the  blastfurnace  gas  is  in  this  form  of  prime  mover. 
Against  all  this  it  will  doubtless  be  argued  that  the  gas  from 
recovery  producers  can  be  used  for  generating  steam  in  boilers 
to  drive  steam  engines  or  turbines,  and  also  that  coke-oveu  gas 
can  be  used  in  a  similar  manner  ；  but  the  fact  is  indisputable 
that  gas  can  be  used  in  internal-combustion  engines  far  more 
efficiently  than  in  any  other  way.  Tables  I.  to  V.  show  the 
running  costs  for  :  (a)  A  steam  turbine  plant  with  coal-firetl 
boilers.  (/>)  A  steam  generating  plant  as  above,  but  with  the 
boilers  fired  by  recovery-producer  gas.  (c)  A  plant  driven  by 
a  gas  engine  with  recovery  producer,  (d)  Coke-oven  gas  burnt 
under  steam  boilers  with  a  2,000  b.li.p.  turbine  plant. 
(f)  Coke-oven  gas  used  in  a  gas  engine. 
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Table  I. -一 Hteam-turbine  Plant  with  Coal-fired  Boilers,  Capital 
Costs  {lluifd'uujs  nnl  i nri mlcd). 

2,000  b.h.p.  of  stoam  turbines    t8, 刚） 

2,000  b.h.p.  of  steam  boilers    'V>()() 

Total  capital  cost   £11/)(X) 

Running  Costs  (7,200  hours  per  annum). 

10,700  tons  of  (  oal  at  12s.  per  ton   幻；' ll'U 

Oil  and  stores   700 

Labour   

IMaiiitoiianoe  at  2  per  cent  

Interest  and  (l('|nv(  i:i"mi  ;it  1(>  |x»r  cent  

Total  ruiitiiii^;  cost  per  anttitui   tU,->U) 

Cost  ，u、r  lu  alvr  horse  power  hour  =  0'159d . 
_K(li"v:il。nL  cost   per  unit  ^oirfM ted  - 

Taule  11. ― Strdtii  {iriH  niliiiii  J'ltinf   irith   Boih  rs  /'，//"/  /'.'/ 
livritrvnj  pnnhir<  r  〃〃.、•• 
( 'apifftf  i'osts  (Btiihlin  ;/s  not  inclmh  fl). 

Recovery  gas  plant  ami  boilers   £23,250 

2,000  b.h.p.  of  steam  turbines    8,000 

Total  capital  cost   £31,250 

h'unninff  (W.s  (7,200  hours  per  annum). 

20,600  tons  of  coal  at  12s.  por  ton   £12，: 鶴 

Sulpliii l  ie  acid  for  sulphatt*  plant    】 ，W(> 

Oil  and  stores    875 

Bags  and  packing  suli>hato    270 

Labour     .：   1,950 

Maintenance  at  2  per  cent   615 

Interest  and  depreciation  at  10  per  cent   3,125 

Total  running  cost  per  annum   £fc2U,:i":) 

Credit. 

Sulphate   £10,000 

Tar    600  10，600 

Net  running  cost  pel*  annum    £9,795 

Cost  per  Itrako  liorso  pow  or  hour  =  0*163(1. 
E(|iiivalont  cost  per  unit  generated  =  0'244d. 

Tahlk  III. ― rhm  t  i/r'tmi  hi/  a  (ins  Eiujiiu-  '/•/〃'  /,'''''"•'/'〃 

Capital  Costs  (Buihli tu/s  nof  im  l \uhd). 

Gas-engine  generator  complete  £11 ,880 

llecovery  gas  plant    8,1(K) 

Total  capital  cost   £19,980 

7^//; niiuj  Costs  (7,200  /,"'//'.、'  per  <jnnnm) 

8,840  tons  of  coal  at  12s.  per  ton    £5,304 

Sulplniric  acid  for  sulphato  plant    o"22 

Oil  and  stores    645 

Bags  and  parking  sulphate    H" 

Labour   •   1,276 

Maintenance  at  2  per  cent   398 

Interest  and  depreciation  at  10  per  cent  -   1.998 

Total  running  costs  per  annum   L'lll. 

Credit. 

Sulphate   ,  £4,850 

Tar   261 

 4,611 

Net  running  cost  per  annum    £5,648 

Cost  per  brake  horsi1  powt'r  li()，u'  =  ()'()9 1'l 
iMjuivalent  cost  per  unit  ge n orated  =  0 *  1 4 1  d . 

Table  IV. — Cokc-twrn  (was  h  urn  t  ,//"/'/'  St  tain  B，"l,'，  -、  "'if  h  a 
2,000  b.h.p-  Turbine  Plant. 
Cdpifal  Cffsts  (Jiuihliiiffs  not  inrl mlctl). 

2,000  b.h.p.  of  steam  turbines   £8,000 

Gas-fired  boiler    4,000 

Total  capital  cost   £12,000 


11  uti  nun i  ( 'osts  (7 h ours  pn  "/'"〃'"). 

Oas  Villus  assiinx-d  at  L>d.  pc»-  1 ,000  cnl>.  It.  .it    IV)  M  TIi.C. 

per  cubic  unit   t'r)^VA) 

Oil  and  stores   500 

Labour    480 

】《("）iiirs  and  iiuiintcnaiico  at  2  per  cont   -  I ' » 

Interest  and  (Icpri^riation  at  10  per  con t   1 

Total  running  cost  per  aiiiinni   C7.770 

Cost  per  brak(i  horse  power  hour  1,十」！,'1. 
K(ju ivalciit  cost  |mt  ii tiiL  p'iH'iatc<I    0- 1  !*；{<!. 

Taimjo  V. ― Coke-oven  "〃、  ''.、■''/  i"  〃  d'as  Kiujiiif. 

2,000  b.Ii.p.  gas  engine  and  generator  (-ompK-to   til  ,880 

liunnitui  ( 'f/st.s. 
Gas  value  assumed  at  2d.  per  1,000  cub.  ft.  at  l.'u  H  TIi.U. 

per  cubic  feet   £2,800 

Oil  and  stores    o(XJ 

Labour    312 

Repairs  and  maintenance  at  2  per  cent   2-'Ui 

Intorest  and  (lei)re(*iatiou  at  10  per  cent   1,188 

Annual  running  costs  per  ainnim   ：£；■">.("'; 

Cost  per  brake  horse  power  hour- 0  ()H  Id . 
Equivalent  cost  per  unit  generated  =  0  120(1. 

The  running  costs  given  in  the  tables  are  based  upon  full- 
load  rating,  and  there  will  be  a  variation  in  efficiency  according 
to  the  load  factor.  The  gas  consumption  per  unit  generated 
does  not  vary  much  from  the  smallest  to  the  largest  engine, 
and  by  judiciously  arranging  the  size  of  the  units  so  that  they 
can  be  run  at  or  near  their  full  rated  output,  maximum 
efficiency  can  be  obtained.  The  figures  quoted  for  the  price 
of  fuels,  &c.，  will  vary  slightly  according  to  the  districts  in 
which  the  plant  is  installed,  but  the  tables  may  be  taken  as 
generally  representing  the  running  cost  for  plants  driven  in 
the  various  manners  named. 

Economical  as  the  generation  of  power  by  gas  engines 
proves  to  be,  there  is  still  another  source  by  which  the  overall 
efficiency  can  be  increased,  and  that  is  by  the  use  of  boilers 
heated  with  the  exhaust  gas  from  the  engines.  The  use  of 
such  boilers  is  now  becoming  general,  and  they  will  evaporate, 
roughly  speaking,  from  2^1bs.  to  2^1bs.  of  water  per  brake 
horse-power  developed  by  the  engine.  When  these  figures  are 
considered  in  connection  with  a  large  unit,  the  saving  per 
annum  is  a  notable  sum . 

The  utilisation  of  coal  gas ― principally  from  coke  ovei 卜 
having  a  calorific  value  of  from  400  to  450  B.Th.U.  is  receiving 
more  and  more  attention,  and  this  gas ― although  somewhat 
richer  in  hydrogen  than  ordinary  town  gas ― is  an  excellent  one 
for  use  in  gas  engines.  It  is  perhaps  somewhat  strange  that 
more  use  has  not  been  made  in  the  past  of  surplus  coke-oven 
gas,  and?  generally  speaking,  of  gas  engines  in  connection  with 
colliery  work. 

In  the  case  of  coke-oveu  gas  the  greater  percentage  of 
hydrogen  makes  the  gas  more  explosive  tiian  is  the  case  wii  h 
producer  and  blastfurnace  gas.  Owing  to  this,  much  trouble 
was  experienced  in  the  early  days,  due  to  instability  in  running 
caused  by  pre-ignitiou.  The  same  result  can  often  be  noticed 
with  producer  plants  when  an  excessive  amount  of  hydrogen* 
is  allowed  to  enter  tlie  gas,  due  to  bad  manipulation  of  the  gas 
plant.  In  this  connection  it  may  be  mentioned  that  many 
makers  attempted  to  use  high  compression ― principally  wit  li 
the  object  of  obtaining  maximum  economy  ―  whereas  the 
writer  believes  that  if  reliability  had  received  first  considera- 
tion, the  large  gas-engine  business  of  this  country  would  h;i vo 
been  in  a  better  position  than  it  is  at  the  present  time.  With 
coke-oven  gas,  or  any  gas  rich  in  hydrogen,  it  is  impossible 
to  run  engines  smoothly  and  with  absolute  reliability  it'  t lie 
compression  is  high  ；  and,  generally  speaking,  it  is  neither 
necessary  nor  advisable  to  have  a  compression  exceeding  901  bs. 
to  lOOlbs.  per  square  inch.  The  question  is  simply  one  of 
design  and  a  proper  proportioning  of  the  mixture.  In  tliis 
country  there  are  now  a  number  of  plants  which  have  been  in 
successful  operation  for  several  years,  but  uiuloubtedlv  coke- 
oven  gas  could  be  used  to  a  much  larger  extent  than  it  is 
at  present. 

Owing  to  failures  during  tlie  development  stages  in  the 
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early  days,  managers  still  hesitate  to  install  large  gas  engines, 
but  the  vertical  type,  which  has  been  most  developed  in  this 
country,  has  long  since  passed  the  experimental  stage.  The 
vertical  type  is  the  one  most  suited  for  direct  connection  to 
electric  generators,  owing  to  the  possibility  of  running  at  fairly 
high  speeds.  In  a  few  cases  electric  generators  have  been 
coupled  direct  to  slow-speed  horizontal  gas  engines  ；  but  ibis 
is  rather  an  expensive  arrangement,  and  seems  a  somewhat 
retrograde  step,  considering  the  high  state  of  perfection  to 
which  the  high-speed  vertical  sets  have  been  developed.  The 
absolute  reliability  of  the  high-speed  forced-lubrication 
enclosed  steam  engine  has  been  demonstrated  by  thousands  of 
examples  ；  consequently,  it  is  to  a  similar  type  of  gas  engine 
that  the  colliery  manager  will  naturally  look  in  the  future  for 
driving  electric  generators  for  his  power  station. 

In  this  paper  the  writer  has  refrained  from  discussing  the 
question  of  2-cycle  versus  4-cycle  engines.  At  the  present  time 
the  tendency  throughout  the  world  in  connection  with  the 
internal-combustion  engine  appears  to  be  along  the  lint's 
the  2-cycle  ；  and,  as  the  2-cycle  double- acting  engine  has 
already  been  developed  and  manufactured  in  the  country  for 
over  12  years,  and  proved  to  be  an  absolutely  reliabk1  iii  i'  ium', 
the  writer  does  not  propose  to  enter  into  the  details  of  the 
same  beyond  stating  that  the  2- cycle  double-acting  engine 
gives  an  equal  turning  moment  to  that  of  the  steam  engine, 
and  enables  one  to  build  engines  of  high  power,  with  cylinders 
and  pistons  of  comparatively  small  dimensions. 

It  may  be  of  interest  to  mention  that  the  early  high-speed 
steam  engines  were  of  a  somewhat  complicated  type,  nud 
mostly  single-acting.  The  high-power  gas  engines  as  made  in 
this  country  are  also  of  the  single-acting  type?  with  one  excep- 
tion, yet  the  single-acting  type  will  undoubtedly  be  extinct  in 
the  course  of  a  few  years.  The  high-speed  steam  engine  of  the 
single-acting  type  was  a  silent-run ning  machine,  and,  after  the 
initial  troubles  had  been  overcome,  it  proved  to  be  reliable. 
But,  so  soon  as  the  double-acting  forced-lubrication  engine  was 
introduced,  the  fate  of  the  single-acting  engine  was  sealed. 
During  its  development ,  the  high-speed  steam  engine  p.issr'l 
through  many  stages,  but  in  the  end  simplicity  was  the  prime 
characteristic — hence  its  absolute  reliability.  The  high-speed 
steam  engine  was  primarily  designed  to  drive  electric  gene- 
rators, and  as  electric  transmission  of  power  has  now  become 
practically  universal,  so  the  high-speed  vertical  gas  engine  is 
the  one  to  which  we  must  look  in  the  future.  For  reliability 
in  running  simplicity  must  be  its  principal  characteristic,  and, 
owing  to  the  fact  that  the  size  of  units  required  will  increase 
as  time  goes  on,  the  double-acting  engine  will  bo  the  one  which 
will  eventually  hold  the  field. 

There  are  only  a  few  makes  of  high-power  \  rt  t  engines, 
and  those  of  tandem  type  are  limited  in  size  to  about 
1,500  b.h.p.  As  some  of  these  engines  have  no  less  than 
12  cylinders,  we  cannot  look  for  much  further  development  in 
this  direction.  Owing  to  the  multiplicity  of  cylinders,  and  the 
enormous  number  of  valves,  springs,  cams,  and  operating 
mechanism  generally,  the  complication  becomes  ridiculous. 
The  main  object  in  the  multiplicity  of  cylinders  has  been  to 
avoid  the  water  cooling  of  pistons  ；  but  the  cooling  of  pistons 
has  now  been  in  use  with  absolute  reliability,  even  in  connec- 
tion with  high-speed  engines,  for  a  number  of  years. 

The  single-acting  engine  just  mentioned  has  also  another 
defect,  in  that  it  is  impossible  to  control  with  any  degree  of 
certainty  the  supply  of  lubricating  oil  to  the  cylinders.  Where 
engines  of  high  power  are  in  continuous  service,  lubricating 
oil  becomes  an  item  for  careful  consideration ― not  only  on 
account  of  its  cost,  but  owing  to  the  frequent  necessity  for 
cleaning  out  the  cylinders.  Isolated  cases  can  be  found  where 
single-acting  engines  have  run  for  some  months  without  any 
grinding-in  of  valves,  or  of  stopping  to  clean  out  the  cylinders 
and  pistons  ；  but  in  the  case  of  double-acting  engines,  where 
the  supply  of  oil  is  entirely  independent  of  the  splash  in  the 
crank  chamber,  engines  have  run  for  periods  of  two  years 
without  any  necessity  of  cleaning  the  cylinders.  This  type  of 
engine  is  therefore  the  one  to  be  adopted,  if  continuous  service 
and  reliability  are  required. 

The  writer  will  now  consider  for  a  moment  what  are  the 
weak  points  of  gas  engines.  One  of  the  weak  points  in  con- 
nection with  large  single-acting  vertical  gas  engines  is  the  fre- 
quent necessity  for  cleaning  out  the  cylinders.  So  long  as  the 
pistons  are  exposed  to  the  underside  of  the  crank  case,  this 


clifliculty  cannot  be  overcome  efficiently,  as  there  is  no  means 
of  controlling  the  amount  of  oil  which  passes  up  from  the 
crank  chamber.  Another  weak  point  is  the  burning  and 
failure  of  the  exhaust  valves,  which  require  occasional  cleaning 
and  grinding-in,  and  many  failures  are  still  experienced 
because  of  the  breakage  of  valves.  Another  weakness  is  in  the 
ignition  gear,  although,  generally  speaking,  it  must  he 
admitted  that  failures  from  this  cause  are  few  and  far  between, 
provided,  of  course,  that  a  modern  reliable  gear  is  fitted  to  tlie 
engine  in  the  first  instance.  From  the  available  statistics  one 
infers  that  the  freedom  from  breakdown  in  gas  engines  is  very 
encouraging,  and  the  weaknesses  just  mentioned  may  be  looked 
upon  as  the  only  ones  that  are  liable  to  cause  occasional 
stoppage. 

For  long  continuous  work,  an  engine  which  is  simple  in  con- 
struction is  the  one  most  likely  to  prevail  in  the  end.  The 
tendency  in  development  has  been  towards  simplicity  ；  but,  j:s 
already  mentioned,  for  large  owners  (owing  to  the  prevalent 
d tr'sire  to  use  air-cooled  pistons)  multi-cylinder  engines,  most ly 
of  the  tandem  form,  have  found  favour  among  engine  builders, 
although  this  can  hardly  be  said  to  be  in  the  direction  of 
simplicity.  If  the  engines  are  made  on  steam-engine  lines,  with 
double-acting  two  cycle  cylinders,  the  s:z3  of  ths  working  piston 
need  be  only  about  a  quarter  of  that  of  the  four-cycle  single- 
acting  type,  and  for  the  same  power  the  strains  are  propor- 
tionately less  ；  both  these  points  are  very  advantageous  in 
the  case  of  large  engines.  In  the  case  of  single-acting  engines, 
the  pistons  are  usually  called  upon  to  serve  as  the  crossheads  ； 
and,  although  they  appear  to  wear  exceedingly  well,  this  type 
will  doubtless  in  the  near  future  be  obsolete.  The  writer 
believes  that  the  double-acting  two-cycle  engine,  built  on 
substantial  lines,  will  be  the  one  that  will  ultimately  be  used 
by  all  large  vertical  engine  builders. 

Accessibility  is  of  jn  ime  importancej  and  in  modern  engines 
this  point  has  received  most  careful  consideration.  Even  in 
vertical  landciii  engines  we  are  informed  that  it  is  possible  to 
open  up  and  get  at  the  lower  piston  within  40  minutes  on  a 
1,000  h.p.  engine.  This  speaks  very  well  for  the  design.  For 
long  continuous  work  it  is  also  of  great  importance  that  tue 
bearing  and  working  surfaces  should  be  liberal,  and  the 
strength  of  the  parts  most  carefully  proportioned  to  resist  the 
work  which  they  are  called  upon  to  bear.  Generally  speaking, 
the  old  type  of  low-tension  ignition  gear  still  finds  favour,  but 
for  reliability  and  minimum  number  of  parts  likely  to  give 
trouble,  the  high-tension  magneto  cannot  be  excelled.  The 
sparking  plugs,  even  with  this  type  of  gear,  require  renewal 
from  time  to  time,  but  this  is  not  a  costly  item.  With  the  higli- 
tension  magneto  the  minimum  attention  is  required,  and  there 
are  no  batteries  to  charge. 

For  continuous  heavy  service  much  has  been  stated  with 
regard  to  the  reliability  of  the  gas  engine,  but  the  colliery 
manager  must  give  careful  attention  to  the  production  of  gas  if 
he  expects  reliability  in  liis  engine.  In  the  case  of  boilers, 
softening  plants  have  often  to  be  installed  ；  in  a  similar  way, 
in  connection  with  gas  producers  and  coke  ovens,  suitable 
cleaning  and  purifying  appliances  must  be  used.  Sulphur 
has  to  be  dealt  with  drastically,  especially  where  big  engines 
are  installed,  as  in  all  these  cases  pistons  and  rods  are  of 
necessity  water  cooled.  In  many  cases  too  liberal  a  supply  of 
water  is  used  for  the  pistons,  due  to  the  attendant's  exagge- 
rated anxiety  to  feel  safe,  and  acid  fumes  are  condensed  on  1he 
cool  rods,  causing  corrosion.  Again,  any  leakage  of  water  iiuu 
a  cylinder  with  sulphurous  gas  will  cause  trouble,  so  that  great 
care  should  be  taken  in  dealing  with  this  matter.  Dust  also 
forms  a  difficulty  which  requires  consideration,  but  this  is  one 
that  causes  very  little  anxiety  in  the  ordinary  way  nowadays. 

While  speaking  of  large  gas  engines  the  writer  lias  referred 
only  to  the  vertical  engine,  as  this  appears  to  be  the  type  most 
favoured  and  undoubtedly  most  suitable  for  direct  connection 
to  electric  generators  ；  but  the  horizontal  engine  is  still 
favoured  by  mill  engineers,  and  for  blowing  engines,  air  com- 
pressing, and  water  pumping,  through  the  medium  of  a  tail- 
rod  ?  it  may  still  possess  a  useful  sphere  of  work.  Air  com- 
pressors of  the  vertical  high-speed  tvj)e,  however,  are  rapidly 
superseding  those  of  the  horizontal  type  throughout  the 
country,  and  therefore  it  is  very  probable  that  gas-driven  Sir 
compressors  of  the  vertical  type  will  also  be  favoured  in  ilie 
near  future. 
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DAVErS  INTERNAL-COMBUSTION  PUMPING  ENGINE. 

A  patent  recently  granted  to  Mr.  Ileiirv  l)av('y,  of  Conaways, 
p]well,  Surrey,  relates  to  p"mps  in  u'liu'li  the  power  is 
obtained  by  internal  conibust ion  in  ； ni  (Mi^inc  (•— vliii(l"r，  and 
has  for  its  object  to  construct  a  noii-rot  ative  internal- 
coinbustion  ]>iunping  engine  of  lii"rli  efik  iency.  1 11  t  lu' 
Cornish  ]>iun])in^  engine  and  in  1  )avcv  diilVrtMit  ial  pmn| 卜 
ing  engine  the  inertia  of  t lie  moving  uwiss  eiuihles  t ho  s1o;un 
to  be  used  expansively  on  the  piston,  and  in  1  lie  <losii!;ii  im'l''r 
notice    t  lie    pressure  caused  by  intenuii  coinlmst  inn  in 
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Fig.  1.— Davky's  Inti  rnal-combustion  PcMPiNr;  Kncum". 

engine  cylinder  is  similarly  used .  Fig.  1  is  a  vertical  section 
of  the  pumping  engine  ；  Figs.  2  and  3  are  diagrams  illus- 
trating the  theory  of  the  engine  ；  Fig.  4  is  a  section  through 
the  end  of  the  cylinder,  showing  one  method  of  operating 
the  exhaust  valve  ；  and  Fig.  5  is  a  section  of  an  improved 
form  of  displace!*. 

The  engine  cylinders  A  B  working  on  the  Otto  cycle  are 
arranged  side  by  side,  and  have  their  pistons  connected  to  a 
beam  C.  At  the  ends  of  the  beam  there  are  supported 
weights  D，  E,  the  weight  D  being  larger  than  the  weight  E. 
The  pump  cylinder  F  is  provided  with  a  piston  connected  to 
the  beam  at  the  point  G，  between  the  end  and  the  fulcriun. 
Connected  to  the  discharge  side  of  the  pump  there  is  a  pipe 
H，  in  which  a  piston  works  against  the  action  of  a  weight  K， 
the  piston  being  connected  by  a  lever  L  with  a  plunger  M， 
adapted  to  close  the  communication  througli  the  pipe  O 
between  the  two  ends  of  the  cylinder  P，  in  which  the  piston 
R  connected  to  the  beam  works. 

The  diagram  Fig.  3  represents  what  takes  place  in  the 
cylinder  of  the  Cornish  engine,  in  which  the  steam  puts  in 
motion  a  mass,  tlie  inertia  of  which  equates  the  steam  pres- 
sures which  fall  from  a  high  to  a  low    pressure,  and  tlie 


Fig.  2.  Fig.  3. 

pump  resistance,  which  is  constant.  During  the  return  stroke 
the  energy  of  the  moving  mass  is  absorbed  in  t*oui])ressini; 
steam  into  the  clearance  space  beliiiul  tlie  piston.  The  <lia 
gram  Fig.  2  is  a  similar  diagram  applied  to  the  new  engine. 
In  this  case  the  pressure  of  explosion  puts  in  motion  a  mass, 
the  inertia  of  which  equates  the  power  and  resistance  in  a 
similar  manner,  and  on  tlie  return  stroke  the  energy  of  the 
moving  mass  is  absorbed  in  compressing  the  explosive  rliai?*' 


into  tlie  clearance  space  belli nd  the  piston.  The  work  done 
by  the  working  fluid  is  represented  by  the  area  1，  2,  3，  1， 
whih'  t  Ik;  resist aiKu;  (>f  t  lie  pmrij)  is  shown  in  tlie  diagram 
by  the  area  3，  4，  5，  2.  Tlie  moving  mass  by  its  inertia 
equates  tlie  two  diagrams,  and  t  lie  relalioiislii))  bet  wefii  1  lio 
pmiipiiig  load  on  t  In*  culm n<*  ； i ixl  t  lie  mass  to  U，  |>ut  in  motion 
cleterminrs  t  ho  inaxiimnn  v (小" itv  '，l.  tli''  piston  <lm'i'i'_'  t  !m* 
st  vok(\  During  the  (！ o\vn-st vok(t  of  t  lie  working  pi>t«jn  t  ！ io 
excess  weight  at  D  over  that  at  E  (nodtnfs  the  compression 
by  storing  energy  in  the  moving  mass  at  the  early  t  °l 
the  stroke  and  equat  in^  the  force  a 1 1 r  1  resist  a  in  **  l>y  t  lie 
inertia  of  the  mass.  By  using  a  beam  tor  (  oiipliiig  tlie  engine 
to  the  purups  the  relative  strokes  of  the  engine  moving  ma-s 
and  pump  may  be  varied  to  suit  tlie  pari  ictilar  appli'  at  imi 
of  the  engine.  In  mining  engines  wit li  spear  rod  punips  the 
mass  only  becomes  great  and  it  is  not  necessary  to  provide 
additional  weiglits  to  i^el  1  ho  required  inort  ia.  I)miii?  tin* 
return  stroke  the  explosive  mixture  wliicli  was  taken  into 
the  second  cylinder  during  the  explosion  stroke  of  the  first 
cyliiHlcr  is  com j)i'rssod  and  t  lien  fi re( I ,  ； i  n< I  t  \\f  cvclo  of  opera- 
tions is  repeated. 

A  inolhod  of  operating  the  exhaust  valve  of  the  engine  is 
sliown  at  Fig.  4.  In  this  arrangement,  when  the  piston  A 
is  at  the  top  of  its  explosion  stroke  it  um  overs  a  port  B  under 
the  piston  C,  which  is  forced  up  by  the  pressure  in  tlie 
cylinder  moving  the  lever  D  to  release  the  catch  E  and  allow 
tlie  weight  on  tlie  lever  F  to  drop,  opening  the  exhaust  valve 
G  by  means  of  the  projecting  arm  H.  When  the  piston  A 
reaches  the  end  of  its  down-stroke  it  is  caused  by  any  con- 
veniisnt  means  to  pusli  down  the  end  J  of  t  lie  lever  F  and 
allow  the  exhaust  valve  to  close  under  the  action  of  the  spring 
K.  A  spring  L  is  provided,  causing  the  leverTD  to  make 
the  required  engagement  and  to  hold  up  the  weight.  The 
exhaust  valve  will  then  remain  closod  until  the  piston  li.^s 
again  reached  the  upper  end  of  its  stroke  at  a  time  when 
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Fig.  5. 
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pressure  exists  in  the  cylinder,  and  this  will  not  occur  until 
the  second  stroke  after  the  explosion,  i.e.,  on  the  next 
explosion  stroke,  so  that  the  Otto  cycle  is  properly  completed. 
In  order  that  a  constant  explosive  mixture  may  be  supplied, 
a  displacer  (Fig.  5)  for  gas  admission  is  employed.  This  may 
be  worked  from  the  engine  in  any  convenient  manner,  and 
comprises  a  cylinder  M  and  piston  N.  The  gas  supplied 
passes  in  through  the  passage  O,  and  the  piston  N  moves 
below  this  passage,  taking  in  gas.  During  the  upstroke  the 
piston  N  passes  over  the  passage  O  and  displaces  the  gas 
tli rough  the  non  return  valve  P,  from  which  it  passes  by  the 
pipe  R  to  the  engine. 

It  will  be  seen  that  when  the  head  of  water  against  the 
pump  varies  the  power  may  be  varied  by  varying  the  supply 
of  gas  and  air,  as  is  done  in  rotary  gas  engines,  and  the 
speed  of  ])imipiii^  may  be  varied  by  allowing  a  pause  at  t  he 
end  of  the  compression  stroke  before  firing.  In  order  to  stop 
tlie  engine  when  the  load  falls  off,  the  damping  cvlimler  P 
(Fig.  1)  is  provided,  having  its  piston  R  connected  to  the  beam. 
AVheii  the  ])ressure  in  the  pipe  II  falls  the  weight  K 山、 中、， 
causing  the  ]>lunger  M  to  sto]>  tho  ]>;is-a^o  (),  aiul  jtrevrnt 
flow  of  liquid  from  one  side  of  the  piston  R  to  the  other,  thus 
putting  a  brake  on  tho  engine. 
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THE  TALBOT  PROCESS  IN  COMPARISON  WITH  OTHER 
^OPEN-HEARTH  REFINING  PROCESSES.- 

BY  DR.  FHIEDRICH  SCHUSTER  (WITKOWITZ). 

(C onclucl ed  fro m  jhhjc 
The  Talhot  Funtace. — As  soon  as  the  entire  contents — 
200  tons— of  the  Talbot  furnace  have  attained  the  desired 
composition,  about  65  tons  of  steel  are  run  off  into  the  ladle 
and  finished  in  the  latter  with  the  addition  of  liquid  ferro- 
rnanganese.  The  residual  (approximately)  135  tons  of  steel 
retained  in  the  furnace  remain  covered  witii  a  coating  of  slag 
approximately  10  mm.  to  15  mm.  thick.  After  closing  the 
tap  hole  and  making  the  necessary  repairs  on  the  slag  line, 
the  necessary  quantities  of  ore  and  lime  for  the  next  charge 
are  introduced  by  the  charging  crane.  At  the  end  of  15  to 
20  minutes  these  additions  have  been  sufficiently  heated  up 
to  allow  the  contents  of  the  first  ladle,  holding  roughly  30  tons 
of  mixer  iron,  to  be  poured  into  the  furnace,  considerable 
reaction  then  taking  place  between  the  ore  and  the  mixer 


of  scrap,  according  to  the  phosphorus  content  of  the  mixer 
iron,  showing  no  appreciable  retardation  with  phosphorus  up 
to,  roughly,  1  per  cent.  ；  whereas  with  phosphorus  as  high 
as  1"8  per  cent,  the  duration  of  the  heat  is  increased  by  about 
8  per  cent.,  the  production  per  day  being  decreased  in  the 
same  proportion. 

The  oxidation  of  the  silicon,  manganese,  and  phosphorus 
by  the  added  ore  proceeds  very  rapidly,  the  temperature  being 
low,  and,  provided  sufficient  quantities  of  lime  are  ein])loyed , 
is  completed  with  the  melting  down  of  the  furnace  contents. 
The  oxidation  of  the  carbon  by  the  ore  is  dependent  on  (1)  the 
concentration  of  the  carbon  ；  (2)  the  temperature  ；  and 
(3)  the  heat  supply. 

A  metal  bath  containing  less  than  14  per  cent,  carbon  is 
much  more  rapidly  oxidised  by  ore  than  one  in  which  the 
carbon  content  is  higher  ；  and  therefore  the  reduction  of  the 
carbon  of  the  mixer  iron  to  about  1  per  cent,  by  the  steel 
remaining  in  the  furnace  effects  a  considerable  saving  in  time. 
Since  the  higher  the  temperature  the  more  rapid  the  oxida- 
tion, the  process  is  considerably  favoured  by  the  high  heat 


Fig.  6.— Longitudinal  Sectional  Elevation  op>  50  to  60  ton  Open-heakth  Furnace  at  Witkowitz  Ironworks. 


iron  ；  the  carbon  content  of  the  latter  is  oxidised,  carbon 
monoxide  being  liberated.  At  this  stage  the  evolution  of 
gas  is  often  so  considerable  that  the  air  has  to  be  shut  off  and 
the  doors  opened,  so  as  to  reduce  the  pressure  in  the  furnace. 
In  spite  of  the  violence  of  this  reaction  the  bath  cools  clown 
appreciably,  since  the  above-mentioned  reaction  is  strongly 
enclothermic.  After  about  half  an  hour,  however,  the  bath 
quietens  down  sufficiently  to  allow  of  the  introduction  of  a 
second  ladle  of  mixer  iron,  a  slight  reaction  generally  occur- 
ring. The  furnace  is  now  rapidly  heated  up  until  the  charge 
is  completely  melted. 

The  carbon  content  of  the  finished  steel  batli  varies 
between  0"07  and  0"8  per  cent.,  according  to  I  the  products 
required,  the  manganese  being  about  0*3  per  cent,  and  the 
phosphorus  between,  0*02  and  0*03  per  cent.  The  major 
portion  of  the  slag  formed  is  poured  off  to  the  side  of  the 
working  platform,  the  charge  being  finished  in  the  usual 
manner  by  the  addition  of  the  necessary  ore  and  lime. 

The  duration  of  the  heat  varies,  with  the  same  percentage 
*  Paper  read  before  the  Iron  and  Steel  Institute,  May,  1914, 


reserve  of  the  Talbot  furnace  at  the  commencement  of  the 
charge.  The  heat  supply  plays  an  important  role  in  the 
decarburisation  of  the  pig  iron,  since  both  the  decomposition 
of  the  iron  carbide  (which  in  white  pig  iron  contains  the 
whole  of  the  carbon)  and  the  oxidation  of  the  carbon  liberated 
are  only  effected  with  a  considerable  absorption  of  heat. 
The  quantity  of  heafc  necessary  for  decomposing  the  iron 
carbide  is,  according  to  Campbell,  705  calories  per  kilogramme 
of  carbon.  The  oxidation  of  carbon  by  ore  into  carbon 
monoxide,  according  to  equation 

Fe304  +  4C-3Fe  +  4CO, 

is  strongly  endothermic.  Moreover,  most  of  the  heat 
generated  outside  the  bath  by  the  practically  instantaneous 
combustion  is  lost  for  the  process,  so  that  the  bath  cools  in 
spite  of  the  simultaneous  exothermic  reactions  of  other 
admixtures. 

TI/r  Wclitnnii  Furnace. —— In  the  Wellman  furnace  the 
necessary  cold  charge  of  scrap,  ore,  and  lime  is  introduced. 
Two  ladles  of  mixer  iron  are  added,  the  process  then  proceed- 
ing in  the  normal  manner,  similarly  to  that  in  the  ordinary 
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fixed  open-heari h  fui  ri;ico.  .Just  pnor  ")  t  ； i  |»j»ni^  1  he 
fmislied  (,li;u'ge，  the  slag  is  poured  off,  in  this  instance,  to  the 
side  of  the  working  j)lat  lonn,  into  slag  wagons  staiidiii^  i-cad v, 
the  remainder  of  tlic  slag  running,  with  the  finished  steel, 
into  the  ladle.  Recarburisation  takes  place  by  adding  )i<| uid 
ferro-manganese  in  the  ladle.  As  the  result  of  experiments 
undertaken,  we  have  i'ound  Hie  lilting  Wellinan  fui-iwice  to 
work  saiisfact oril v  with  an  addii ion  of  scrap  of  from  10  to 
15  per  cent. 

Fi.rt  f/  0  jn  h-Ih  art h  Fitntdrrs. — As  stated  above,  the  three 
new  50-ton  to  GO-ton  open-heai  i  h  furnaces  at  Wit  kowit/.  ace 
iii""i(led  (1)  for  working  Tip  the  scrap  ]>i'o<l need  in  1  lie  rolling - 
mill  ；  (2)  for  the  manufacture  of  the  special  (pialit  ics  ("  steel 
necessary.  In  normal  working,  these  fui'tiaccs  show  therefore 
no  departures  from  furnaces  worked  elsewhere  on  the  scra]> 
pig-iron  process.  The  fmislied  steel  from  all  furnaces  N 
recarburised  by  liquid  t'erro-manganese,  the  necessary  addi- 
tions being  made  wliile  the  steel  is  in  the  ladle.  The  steel  is 
poured  off  into  ingot  moulds  generally  holding  4  tony,  tliw 
moulds  being  placed  in  pairs  on  casting  wagons,  which,  on  the 
completion  of  casting,  are  conveyed  on  narrow  gauge  tracks 
to  the  reheating  furnaces. 

Since  a  succession  of  individual  heats  in  open-hearth 
furnaces  is  never  attainable  in  regular  intervals,  ； uid  as  also 
the  charge  of  60  tons  and  over  supplies,  at  one  time,  a  large 
number  of  ingots  which  cannot  be  worked  up  at  once  by  the 
rolling-mill  it  was  necessary  to  provide  soaking  pits  forming 
the  connecting  link  between  the  steelworks  on  the  one  liancl 
and  the  cogging-mill  on  the  other. 

As  a  result  of  experiments,  covering  a  working  period  of 
nearly  12  months,  we  were  able  to  prove  conclusively  that  it 
was  possible  in  each  of  the  three  systems  of  furnace  to  produce 
a  perfectly  similar  steel,  both  as  regards  physical  and  chemical 
properties  ；  and  further,  that  after  some  practice  on  the  part 
of  the  furnace  staff,  there  were  no  difficulties  worth  mention- 
ing in  producing  in  the  fixed  furnace,  the  tilting  Wellman 
furnace,  or  the  Talbot  furnace,  any  kind  of  steel  of 
unimpeachable  quality,  from  the  mildest  up  to  the  hardest. 

The  original  fear  which  we  entertained  of  not  being  able 
to  produce  in  (for  instance)  the  Talbot  furnace,  billets,  mild 
and  hard  sheets,  rails,  &c.，  in  a  relatively  rapid  succession  of 
the  casts,  has  proved  to  be  unfounded  in  every  respect.  On 
the  other  hand,  w©  were  able  not  only  to  manufacture  the 
above-mentioned  qualities  of  steel  with  perfect  certainty,  but 
also  to  produce  material  for  weldless  tubes,  both  of  hard  and 
soft  quality ― a  product  the  manufacture  of  which  is  attended 
with  great  difficulties.  Table  III.  gives  the  analyses  of  a 
series  of  steels  manufactured  in  the  various  furnaces. 

Table  III. 


Quality. 


Gas  piping   

Bore  pipe   

Seamless  tube,  mild  

Steel  for  fittings   

Girders   

Ship   plates,   C=0' 14  to 

0*  15  per  cent  

Ship   plates,   C=0- 18  to 

0"  24  per  cent  

Lightning  arrester  rods . . . . 
Material  of  45  to  55  kilogs 

tensile  (per  mm5)  and  25 

to  20  per  cent,  elongation 
Material  of  50  to  60  kilogs 

tensile    (per  mm2)  and 

about  15  to  20  per  cent. 

elongation   

Spring  steel   

Rails  for  Austrian  State 

Railways  


Sulplnn* 

】H'l'  cent. 


0-025 
0-018 
0-017 
0,021 
0-029 

0  023 

0-027 
0*022 


UI)L>] 

0  030 


With  a  view  to  determining  whether,  as  regards  the  pro- 
duction of  pig  iron  for  the  new  steelworks,  we  could  work 
within  fairly  wide  limits,  we  have  produced  pig  irons  of  the 
most  diverse  composition  in  varying  working  periods,  rliaru- 
ing  the  different  steel  furnaces  with  siu-h  prmlm'ts.  From  tlie 
analyses  to  hand,  we  find  that,  especially  in  regard  to  the 
phosphorus  content,  we  have  worked  within  fairly  wide  limits 
and  used  pig  iron  containing  approximately  A,  •?，  1'  1  \y  and 


1  V  I)er  cent,  of  phospliorus.  With  reference  to  the  manganese 
content  also,  we  have  worke"  witliiit  fairly  wide  limit  -  oi 
from  1  per  cent,  to  nearly  3  per  cent. 

We  were  able  to  obtain    in  each  of  the  three  types  of 

*nace,  and  with  all  these  sorts  of  pig  iron,  steel  of  perfectly 
satisfactory  quality,  nor  did  we  find  appreciable  differences  in 
the  quality  of  the  resultant  products  vvlu-n  using  a  particular 
system .  Only  in  regard  to  the  <|uan1ity  pro'luwl  'li'l  tin- 
types of  furnace  vary  from  one  another,  namely,  wlien  the 
phosphorus  content  considci-ald v  f'xr('wl<'(l  I  per  coiit  .  ；  and  it 
was  found  that  usin^  a  |>i^  iron  containing  1  y  |km*  rr-nt .  of 
phospliorus,  the  production  in  H"'  T;ill>ot  timia',' 山 卜 '"I 
by,  roughly,  8  per  cent.,  and  in  t  lie  U'ellma"  and  fix'-'l 
furnaces  by  about  12  per  cent.,  as  compared  wit  h  t  he  \>\^  iron 
containing  1  per  cent,  of  j)hosphorus.  It  should,  of  (力 m、 '-, 
be  taken  into  account  that  the  value  of  the  slag  produced 
increases  owing  to  tlie  increase  of  t  lie  phosphoric  acid  content  ； 
the  gain  on  the  slags  is  therefore  correHpondin^Iy  greater,  and 
it  only  needs  a  simple  calculation  to  ascfrtain  limv  far  t  he 
decline  in  output  is  equalised  by  the  cheapening  in  the  costs 
of  production  owing  to  the  enhanced  recovery  of  slag. 

As  the  result  of  a  fairly  extensive  series  of  experiments, 
we  arrived  at  the  conclusion  that  the  Talbot  furnace  works 
the  most  favourably  where  it  has  to  work  up  as  little  scrap  as 
possible.  A  scrap  addition  of  up  to  5  per  cent,  does  not 
influence  the  output.  When  i  liis  |"'n'ei"a"'e  is  lar^elv 
exceeded,  the  cooling  off  of  the  bath  is  ^ery  considerable, 
resulting  in  an  appreciable  extension  of  the  period  of  iho 
heat  and  the  decline  in  output  thereby  caused. 

la  the  case  of  the  Well  man  furnace,  we  were  able  to 
ascertain  on  the  basis  of  the  figures  for  the  output  obtainod 
during  the  experimental  period,  that  this  furnace  works 
advantageously  with  a  scrap  addition  of  10  to  15  per  cent. 

The  fixed  furnaces  work  most  satisfactorily  with  a  scrap 
addition  of  20  per  cent.  The  yield  is  influenced  by  iiu-reasintr 
the  phosphoric  content  to  1;  per  cent.,  the  result  being,  as 
already  stated,  a  12  per  cent,  drop  in  the  output.  Experi- 
ments to  try  working  in  the  fixed  open-hearth  furnaces  with 
mixer  iron  alone,  or  with  but  a  few  percentages  of  scrap,  had 
to  be  given  up  after  a  few  days,  since  the  increased  quantities 
of  slag  resulting  caused  difficulties  in  working,  and  appeared 
to  exclude  the  possibility  of  permanent  work  on  this  basis. 

Table  TV. 


per  Ton  of 
S"','l. 


(and 


ami 


Charge : 

Pig  iron 

iron)   

Scrap   

Ferro-manganese 

FeSi   

Oxides : 

rjellivara  ore  . ， ， 

Mill  cinder,  &c. 

Lime   

Kffr.u  tory  Material 

Dinas  and  refractory 

Magnesite  and  dolo- 
mite   

Chrome  ore    . . . . 
Fuel: 

Coal  for  furnaces 

Coal  for  mixer  . . 

Coal  for  steam  . . 
Current,  units  .... 
Kilos  of  slag  


Po05  in  the  slag  . , 

Yield   

Oxides  to  pig  iron 
Scrap  to  charge    . . 


Talhot  Furnace 


I  -  1  ]HT 

cent. 
P. 


Kill 

890 
67 

(i 

133 
37 
90 


17 

15 
0*5 

206 
52 
18 
7.8 
155 
Per 
cent. 
15-1 
lo.'i-s 
10- 1 
7-0 


1  •  7  per 
cent. 
P. 


Kilo^s. 

878 
60 

6 

160 
44 
108 


18 

lti 

0-5 

221 
52 
l!l 
8-4 
187 
Per 
cent. 

1 

10") -2 
2：\2 


Wellman 
i'\imace. 


I  -  1  I'«T 

cent. 


0 


Kilo's. 
845 


137 

93 


30 

17 

0-5 

230 

20 
7.8 
200 
Per 

cent. 
10-9 

UK{[ 
202 


1  •  7  per 

cent. 
P. 


12-0 


837 
1 1  I 


hi.". 
41 
11(> 


:u 

U) 

0-5 

260 

22 
8-8 
250 
Per 
tt'nt. 
13-2 

LMti 
120 


1-  1  per 

cent. 
P. 


745 
LMti 


\2：\ 
23 
91 


：57 
20 


272 
35 
22 
7-8 
175 
Per 
tt-nt. 
11-2 


1-7  per 
*cnf. 
P. 


738 
244 


•21 


V2 


：5<»7 
35 
24 
8-8 
210 
Per 

cent. 
14*2 

101-  1 
2:V)1 


For  the  purpose  of  judging  of  the  average  costs  of  pro- 
duction attainable  in  the  three  ty])es  of  furnace,  tlie  followini: 
points  should  be  considered  :  (1)  The  ratio  of  initial  costs  «»t" 
the  various  types  of  fm'nace  selected,  excluding  the  amount 


Silicon 
per  cent. 


0-24 
012 


Phos- 
phorus 
per  cent. 


0-03 
0*02 
002 
0  03 
0*03 

0-03 

0-03 
0-04 


0-04 


0-04 
0*04 


Carbon 
per  cent. 


Man- 
ganese 
per  cent. 


0-43 
0-40 
0-50 
0-51 
0'54 


0-14 

0-19 
0-20 


0-25 


0-49 

0-49 
0-52 


0-50 


0-29 

0 

57 

()•:" 

0 

80 

0-48 

0 

87 
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of  the  building  costs  which  must  be  expended  on  a  steelworks 
plant  without  any  regard  to  the  choice  of  furnace,  is 
dependent  on  local  conditions  and  the  magnitude  of  the  total 
output.  (2)  Fuel  expenditure.  (3)  Expenditure  on  fluxes, 
both  acid  (ore,  cinder)  and  basic  (lime).  (4)  The  durability 
of  the  furnaces,  and  the  expenditure  on  refractory  material 
and  wages  for  repairs,  which  are  dependent  on  the  life  of  the 
furnace.  (5)  Remaining  expenditure,  such  as  salaries,  wages, 
water,  and  electric  current  supply.  (6)  Gain  resulting  from 
the  utilisation  of  by-products,  mainly  slag. 

A  particular  objection  raised  to  tilting  furnaces  is  their 
undoubtedly  high  cost  of  installation.  The  data  to  be  found 
in  the  literature  as  regards  the  capital  costs  of  furnaces  of  this 
type  are  not  easily  comparable  with  one  another  and  with 
the  cost-data  for  other  systems  of  furnace.  The  reason  for 
this  is  simply  that  the  constructional  costs  depend,  not  only 
on  whether  the  dimensions  of  the  individual  parts  of  the 
furnaces  in  question  are  to  be  liberal  or  otherwise,  but  also 
on  the  conditions  of  the  country  in  which  the  building  is 


(which  are  less  dependent  on  the  selection  of  the  type  of 
furnace),  have  not  been  taken  into  account  in  the  figures. 

Table  IV. ，  containing  the  working  results  for  the  three 
systems  of  furnace,  using  pig  iron  containing  l'l  per  cent, 
and  1*7  per  cent,  of  phosphorus,  shows  the  Talbot  furnace  to 
come  out  most  satisfactorily  as  regards  expenditure  of  fuel,  on 
refractory  material,  on  lime,  and  also  on  oxides  (referred  to 
iron),  while  in  i"';li.】v  all  respects  the  Wellman  furnace 
comes  after  the  Talbot,  the  fixed  furnaces  coming  last.  The 
vield  of  iron  from  the  added  oxides  is  as  follows  ： ― 

Per  Cent. 

Talbot  furnace    86 

Wellman  furnace    80 

Open-hearth  furnace    78 

With  reference  to  ther  slag,  for  obvious  reasons  the 
quantity  is  lowest  in  the  case  of  the  Talbot  furnace  and 
highest  in  the  Wellman  furnace,  while  in  the  case  of  tlie 
stationary  open-hearth  furnaces  the  quantity  lies  between 
that  for  the  other  two  owing  to  the  larger  proportions  of  scrap 


Fig.  7.— Cross-section  •  op^a  50  to 二 GO  ton  Open-heabth  Furnace~at  Witkowitz  Ironworks. 


carried  out.  Neither  wages  nor  costs  of  material  are,  even 
approximately,  alike  in  the  steel-producing  countries  ；  in 
addition,  differences  in  Customs  charges,  taxation,  &c.，  affect 
the  total  constructional  charges  considerably. 

A  perfectly  satisfactory  comparison  is  therefore  only 
possible  where  furnaces  of  different  systems  are  erected  along- 
side under  the  same  general  and  special  conditions  of  con- 
struction, such  as  is  the  case  with  us  at  Witkowitz.  For 
reasons  which  will  at  once  be  apparent,  I  therefore  hesitate 
to  say  anything  about  the  definite  amount  for  building,  which 
is  only  of  subordinate  interest  ；  I  will  restrict  myself  rather 
to  giving  relative  values,  which,  however,  are  based  on  per- 
fectly reliable  statistics.  According  to  these,  the  costs  of  con- 
struction of  the  Talbot  furnace  to  those  of  the  Wellman 
furnace  and  to  a  fixed  open- hearth  furnace,  are  in  the  ratio 
of  1659:1259:1000. 

If,  however ― and  this  is  probably  the  most  important  con- 
sideration― the  cost  price  per  ton  produced  daily  is  compared, 
we  get  a  reversal  of  the  above  ordei;,  the  ratio  between  Talbot, 
Wellman,  and  fixed  furnaces  being'as  882  : 1070  ：  1000. 

In  comparing  the  above  values,  it  should  be  noted  that 
they  include  not  only  the  costs  for  the  furnaces  with  fittings 
complete,  but  also  the  share  of  space  allotted  to  each 
individual  furnace  in  the  furnace  and  casting  houses.  The 
charges  for  travelling  cranes,  charging  machines,  tracks,  &c. 


employed.  In  confirmation  of  this,  we  may  say  that  our 
experiments  show  that  the  phosphoric  acid  content  in  the 
Talbot  furnace  is  highest,  whereas  statements  to  the  contrary 
in  this  connection  have  been  made  in  various  publications. 
The  total  quantity  of  phosphoric  acid  increases  almost  pro- 
portionally to  the  total  phosphorus  content  of  the  charge, 
and  decreases  with  the  quantity  of  slag  per  ton  of  steel  pro- 
Table  V.  contains  typical  analyses  of  Talbot  slag. 

Table  V. 


SiO,  …- 
FeO  … ■ 
Fe20, . . 
Alo03  .... 
MnO  . . . . 
CaO  ... . 
MgO  .... 

S  

Total  P.,0 


I    in  :  Pi  ;  Iron  c  :>nt lining 


!•  1  per  cent. 
Phosphorus. 


Per  cent. 

Per  cent. 

9-43 

9  24 

8- (53 

8- 10 

6-56 

2- 15 

4- 02 

208 

7-33 

4-37 

41-97 

r»o-tu 

5-87 

3-58 

0-38 

D-L'S 

14-70 

1002 

1-  7  per  cent. 
Phosphorus. 
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The  final  ('opposition  the  slag  depends,  of  coui'so,  to  ； t 
great  extent  also  on  the  choice  of  the  ore  used  for  oxidation, 
the  fewer  impurities  the  ore  contains  (in  part icular,  the  fewer 
silicates  it  introduces  into  the  slag  bath),  the  more  concen- 
trated t'he  form  in  which  t  lie  |>li()s|)Iiori<*  acid  will  ym'r;ill\. 
aj)pear  ；  since  under  otherwise  equal  conditions  the  Talbot 
process  requires  the  smallest  quantity  of  oxide  additions,  it 
at  once  follows  that  the  Talbot  furnace  sl;ig  Iwis  I  lie  ^i-cal  est 
(•(Hiceiiirat  ion  ()f  i)luwplu)ric  acid,  <  liis  Fact  sliown 
sat  ist'act  orily  in  t  lie  1  al)les. 

Turning  now  to  the  life  of  the  furnaces,  we  have  been  able 
to  confirm  the  following  data  relative  to  this  (jticst  ion  ： 

T(\l hot  F nrnace. 

Charges. 

With  fresh  lining,  tlie  "  Fricdi'ich  "  onds  were 

changed  after  about    300 


Tlio  above  figures  show  the  life  of  the  lining  of  the  Tall)('t 
furnace  to  be  appreciably  longer  than  t  hat  of  t  he  other  "'|"'s. 
The  main  reason  for  this  is  that  the  Talbot  furnace  works 
very  much  more  rapidly  and  the  reactions  are  more  energetic, 
proceeding  downwards  from  the  large  hath  area.  In  the 
Welhnan  and  open-heartli  furnaces,  on  the  other  hand,  lime 
and  oxides  react  upwards  from  the  bottom,  causing  a  frot  liint: 
of  tlte  metal  and  slag  bath  lasting  some  hours,  so  tliat  the 
slag  rises  considerably,  strongly  attacking  the  walls,  pillars' 
ri re-bridges,  and  ports. 

A  remarkable  fact  is  the  considerably  greater  life  of  the 
masonry  of  the  ladles  used  with  the  Talbot  furnace  as  com- 
pared with  those  used  with  other  types.  This  is  attributable 
to  the  entire  absence  of  slag  in  the  ladle  of  the  Talbot  funi;u  e, 
wliereas  in  the  case  of  the  Welhnan  furnace,  and  particularly 
with  the  fixed  furnaces,  the  more  or  less  considerable  covering 


Table  VI. ― f'ost  in  Shlll'nujs 


Basic  Procrss 
(accotding  io  Schocl''^ 
Table) 

Scrap  and  Pic  Process 
(according  to  Schock's 
Table) 

Pic  an 
(accord 

i  Ork  Pkockss 
mg  io  Scbock's 
Table). 

Talbot  Pho"» 
(New  Steelworks.  Wit- 
kowitz). 

Weli.man  Prockss 
(New  Smlworki  Wh- 
kowin) 

Open-Hkahtk  PlOCESl  1 
iNew  Slcelwoflu.  Wit- 

DUPLtX  PtOCUk 
(Old  0|>ra-Hevib  Worlu. 

Witkowiu  |. 

Phosphorus  in  pig  iron  (approximate)  • 
Yield               ' . 

—— 

1 

8  per  Cent, 

1 

96 

8  per  Ce 

0  . 

it. 

1 

i  per  Cent. 

1.7 
106-2 

per  Cent. 

1-7 
104  1 

per  Cent. 

I    per  Cent. 
101-1  ., 

0-4 
SB  1i 

per  Cat 

Loss  of  balance  

0 

6  二 
06S  ions 

1 

6  „ 
159  tons 

0 

484  ions 

2 

95  tons 

1 

75  ions 

SOU  ions 

( 

14 tooi 

Weight 
per  Ton 
of  Yield. 

Shillings  per  Ton 
of  Yield 

Wc.ght 

per  1  on 
of  Yield. 

Shillings  per  Ton 
of  Yield. 

Weigbt 

Slullings  per  Ton 
of  Yield. 

of  Yield. 

SbiUmgs  per  Ton 
of  Yield. 

Weight 

Shillings  per  Ton 
of  Yield. 

We.ght 
per  Ton 
of  Yield. 

Sbilhnn  prrToo 
of  Yield. 

We^ht 
o(  Yield. 

Sbiltmn  per  Too 
oT  Yield. 

Shillings 

Item. 

Total. 

Item. 

Total. 

Item. 

Total. 

Item. 

Total. 

Item. 

Total. 

Item. 

Iotal 

Item. 

TouL 

 . 

f  B.isic  pig  iron  

&  1  Scrap  • 

^  〈  I'tiTO-mangancse    ,       ,       ,  ■ 

— 1  Ferro-silicon  . 

' Spiegelei&en     .       >      , 、     ：  . 

—— 

MO 
200  0 



Kilog 

ioyi)  o 

20  0 

G\ 

1.30 

Kilog. 
細 
767 

11  44 
4295 
1'80 

5619 

Kilog. 

115C, 
6  0 

,V)77 
6  47 
1'20 

43-44 

Mixei 
Costs. 
878 
6€ 

380 

370 
1-20 

47'33 

Mi«r 
Cos", 
837 
114 

3  45 

U'3H 

48-0& 

Mixsr 

257 
32A7 
13G6 

1-40 

6010 

1068  1 
Ml 

9-0 
0  7 
1-3 

47  H 

j  2-20 

62-34 

Cosi  per  ton  of  charge            ,       .  . 
■  •      ,,       scrap  and  pig        ,  . 

Ul(>  B 

(45  12) 
144 -31) 

50*38 

1036 

(54  23) 
(52  96) 

931  G 

(46  47) 

^46  50) 

950 

With  1 
Mixer  J 
Without  1 
M  i xer  J 

(49-82) 
(44  84) 

958 

Wuh  » 
Mixer  l 
Without  \ 
Mixer  } 

(5015) 
(45-42) 

989 

With  1 
Mucr  i 
Wiiiiout  » 
Mtier  ( 

(4C-97) 

1136--! 

("111 
(44  GO) 

^Swedish  ore 
w  1  50  per  ceni  manganese  or-     •  , 
^  1  Cinder  (own)                       •  , 
•5  j      ,,     (bought,  slag)            •  ■ 

280 
42  0 
1&0 

35 

0  525 

0  525 

160 

20 

•  420 
0  30 

673 

4+48 
0-G6 

1G5 

4  C2 
0C1 

5-23 

"7 

0-41 

4-53 

27-2 

0T« 

076 

、          Total  ore  and  metal      .  . 

5038 

56715 

50  17 

52  47 

53  28 

54-63 

Gsao 

25  0 

150 

1  80 

00 

0.72 
0.025 

0  745 

125 

0  025 

1-525 

108 

1-30 

1  30 

116 

1-30 

1C-3 

1.31 

1-31 

0-93 

― /  Cosi  of  gasifying  . 
'i  Coal 

卜 ^Coke,  graphite,  wood.  &c.      .  • 

19  0 

0  24 

1  80 

0-24 

220 

4  13 

0  125 

4  305 

220 

221 

0  98 
4-20 

1-40 

260 

41M 

6  09 

307 

1-37 
5*84 

7-21 

267 

5D7 

S-07 

0  ~x  1  Chrome  ore 

Z  ~  1  Refractory  material  for  fuinace 
£  a  ^        ,,            ,,  working 
^  S  \  Dolomilc.  tar,  including  wages  . 

0：15 
O  7U 

1  0& 

U065 
(1  90 
0  20 
060 

1  705 

0066 
1-60 
0-36 
0»k) 

2  615 

j  140 

2  45 

245 

252 

2'52 

2.-86 

/ Steam,  gas,  electnciiy 
i  f  1  I'qoIs  stores,  and  sparr  parts 
c  ；  '  Other  Qperaii'jns,  wayes  ntau'riAl  . 

General,  royiilty,  depreciation,  &c 

050 
100 
U  50 

0  50 

1  i«t 

2  0G 
0  50 

Q"2Q 
O&O 
1 

1-50 
0t50 

3.70 

}  171 

2-28 
0-50 

4  49 

171 

0-50 

4  61 

1：62 

2-40 
0-5U 

4  58 

2-13 
6-S2 

o-su 

8-25 

Groes  cost  of  production  .  , 

20  0 

230  (17 

p.  cent  , 

4  Cf) 

50  82 

C770 

CI -31 

702 & 

WW 

Less ~ Value  of  s'.ajjs      ....  | 
' Sieam  and  waste  tieat  utilised  . 

3  0 
23  30 

2  6U 

4  60 

I  140 

0  42 

ir.  us  ： 
itis  ("'"' 

p.  cent 

3-40 
0'41 

A  S« 

1B7  (19 

515 

250  iVS  y. 
cent.) 

3"60 

cent. ) 

3-20 

0  62 

0S2 

Net  cost  of  production           .  .■ 

52  W 

ti7  28 

53  00 

00 -C9 

67-06 

Coat  of  conversion  (ief erred  10  1  ton  of  l 
scrap  und  pig  ( 

II    Average  541S 
8  01  || 

H'32 

Vi-50 

20  08 

{I    8  6.1  Shillings 

Comparative  cost  of  produciion  . 

100    1  1( 
ll 

A 

129 

111 

135 

133 

Further   changing   of   ends    after    a  further 

(approximately)    250 

Fresh  lining  after  a  further    200 

Consequently,  we  get    750 

from  one  lining  to  the  other  with  the  same  roof. 

With  one  lining  a  quantity  of  (750  x  65'6  tons)=  approxi- 
mately 49/200  tons  of  steel  was  produced. 

Wf-////ui/i  /'，/〃/〃w. — This  required,  after  re-lining  and 
working  about  220  charges,  new  ends  and  repairs  (walls  and 
piers)  ；  and  after  about  220  further  charges  a  new  lining  ； 
consequently  a  total  of  440  charges  (approximately)  was 
obtained  with  one  lining  and  with  the  same  furnace-roof. 
With  one  lining  (440  x  62*8  tons)  =  approximately  27,600  tons 
of  steel  were  produced. 

0 \H'u-h(jarth  Funutre. —— This  required,  after  re-lining  and 
250  charges,  fresh  ends  and  repairs  (walls  and  piers)  ；  after 
a  further  250  charges,  fresh  lining  ；  consequently  about  500 
charges  were  obtained  wit  It  one  lining  witii  tlie  same  roof . 
With  one  lining  (500x  55.7  tons)  =  approximately  27,800  tons 
of  steel  were  produced. 


of  slag  above  the  metal  bath  is  the  principal  reason  for  the 
rapid  deterioration  of  the  bricks  of  the  ladle.  The  remaining 
items  in  the  cost  of  production  have,  as  the  experiments 
covering  a  period  of  one  year  show,  been  found  to  be  lowest 
in  the  Talbot  furnace. 

Another  fact  contributing  to  the  longer  life  is  that  the 
Talbot  furnace  always  remains  at  least  partially  filled  with 
liquid  material,  and  the  masonry  is  not  exposed  to  such  con- 
siderable temperature  fluctuations  as  in  the  case  of  furnaces 
which  are  emptied  completely  after  eacli  charge  and  after- 
wards freshly  charged.  As  regards  the  gain  from  the 
by-products,  this  results  from  the  utilisation  of  the  slag 
(containing  phosphoric  acid)  which  is  produced.  In  this  case 
also  the  result  is  most  favourable  for  the  Talbot  furnace,  as 
although  the  quantity  of  slag  is  less  than  with  tlie  other 
furnaces,  the  phosphoric  acid  concentration  is  comparatively 
greater  and  the  sale  price  for  the  slag  correspondingly 
higher. 

Since  the  general  level  of  the  manufacturing  costs  at  each 
individual  works  is  influenced  by  the  cost  of  production  of 
the  pig  iron  and  the  market  price  of  scrap,  and,  further, 
depends  on  tlie  price  and  quality  of  the  coal  employed  and  of 
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the  subsidiary  material,  wages,  <fec.，  I  do  not  think  it  desirable 
to  express  in  money  the  figures  which  apply  to  our  case, 
and  will  restrict  myself  rather  to  giving  the  comparative 
figures  obtained  as  a  result  of  a  long  period  of  experiment. 
If  the  total  costs  of  production  of  steel  as  produced  by  the 
Talbot  process  be  taken  as  equal  to  100，  the  costs  of  produc- 
tion with  the  Wellman  furnace  rise  to  105，  and  in  fixed 
open-hearth  furnaces  to  107，  including'  fvharges  on  account  of 
working  the  mixer. 

In  order  also  to  render  possible  a  comparison  with  the  con- 
ditions prevailing  in  West  Germany,  I  have  recalculated  our 
effective  working  results,  using  the  tables  representing  average 
values  for  the  West  German  district,  as  given  in  the  paper 
l)y  Schock  already  mentioned,  and  taking  as  the  basis  of  our 
working  calculation  the  unit  prices  of  material  given  in  that 
paper.  All  those  values,  which  refer  to  quantities,  are  the 
result  of  an  exact  determination  over  a  long  working  period . 
The  amounts  for  wages  and  miscellaneous  expenses  have  been 
converted  into  marks,  according  to  the  actual  attainable 
conditions.  If,  now,  the  costs  of  production  obtained  in  this 
manner  are  compared  with  each  other,  and  the  costs  of  piu- 
duction  for  basic  Bessemer  steel  are  taken  as  100，  we  obtain 
values  which  are  again  comparable,  and  working  out  at  ：  For 
the  scrap  pig-iron  process,  according  to  Schock,  129  ；  for  the 
pig-iron  ore  process,  111  (which  may  be  taken  as  being  too 
favourable)  ；  for  the  Talbot  process,  114  ；  for  the  Wellman 
furnace,  123  ；  for  the  fixed  open-hearth  furnace,  128  ；  and  for 
the  duplex  process,  133. 

If  in  this  series  of  values  the  cost  of  production  by  the 
Talbot  process  be  again  taken  as  equal  to  100，  the  costs  for 
the  Wellman  furnace  come  out  at  108，  and  for  the  fixed 
open-hearth  furnace  at  112，  in  comparison  with  the  values 
100  : 105  : 107  as  based  on  the  Witkowitz  conditions.  The 
reason  for  this  discrepancy  is  to  be  sought  for  simply  in  the 
difference  in  the  maimer  of  utilising  the  raw  materials. 
The  detailed  calculations  are  given  in  Table  VI. 

With  a  view  to  clearing  up  one  of  the  most  important 
points,  namely,  the  yield  attained  in  the  various  systems  of 
furnace,  we  have  carried  out  experiments  over  a  period  of 
six  weeks,  during  which  a  large  staff  of  engineers  and  others 
carried  out  a  thorough  check  day  and  night  on  the  materials 
conveyed  to  the  furnaces,  and  on  the  products  obtained.  Care 
was  taken  to  see  that  any  waste  iron  in  the  castings  and  in 
the  slags  was  entered  to  the  credit  of  the  furnace  whence  it 
originated.  The  result  of  these  experiments  went  to  show 
that  the  yield  of  all  three  types  of  furnace,  using  the  same 
raw  materials  and  working  under  approximately  the  same 
ratio  of  pig  iron  ：  mixer  iron  ：  scrap  respectively,  was  the  same. 
We  do  not  see  how  any  appreciable  difference  could  result, 
as  the  ore  added  is  actually  dependent  on  the  quantity  of 
impurities  which  have  to  be  oxidised.  Certain  discrepancies 
in  the  yield  occurred  only  where  the  ratio  between  mixer 
iron  and  scrap  was  varied.  These  experiments  were  carried 
out  with  pig  irons  containing  both  1*1  per  cent,  and  1*7  per 
cent,  of  phosphorus. 

Coin-I ns'nm . ― In  finally  summing  up  the  results  of  out- 
various  experiments,  I  wish  first  of  all  to  emphasize  the  fact 
that  any  conclusions  drawn  from  them  apply  strictly  only 
to  our  Witkowitz  conditions,  and  assume  an  average  daily 
production  of  from  800  to  1,000  tons  of  steel  ；  and  that 
mathematical  divergences  from  our  conclusions  may  result 
on  repeating  these  experiments  in  a  different  locality  and 
under  different  conditions.  Apart  from  this,  however,  we 
may  arrive  at  a  number  of  conclusions  which  may  claim  to 
be  generally  applicable. 

Taking  for  granted  the  above  remarks,  we  have  been  able 
to  find  ： — 

1.  By  using  a  mixer  (capable  of  being  heated)  and  carry- 
ing out  but  a  small  amount  of  refining  in  the  same,  the 
production  of  the  steel  furnaces  supplied  by  it  can  be  increased 
by  about  30  per  cent. 

2.  The  quality  of  steel  produced  is,  both  physically  and 
chemically,  independent  of  the  choice  of  furnace  employed. 

3.  The  yield  is  influenced  by  (a)  the  pig  iron  employed 
and  (Jj)  the  ratio  of  scrap  to  mixer  iron  and  pig  iron  respec- 
tively ； and  such  yield  is  practically  the  same  whenever  the 
same  conditions  are  observed  in  furnaces  of  different  types. 

4.  The  Talbot  furnace  is  the  type  most  adaptable  to  the 


working  up  of  pig  iron  of  varying  composition,  and  to  changes, 
within  fairly  wide  limits,  in  the  amount  of  scrap  added. 

5.  In  the  Talbot  furnace  pig  iron  of  the  lowest  to  the 
highest  phosphorus  content  can  be  worked  up  without 
deteriorating  the  quality  of  the  steel,  the  decline  in  output 
with  pig  iron  ricli  in  phosphorus  being  smaller  than  in  the 
case  of  other  types  of  furnace. 

6.  Although  the  actual  first  cost  of  the  Talbot  furnace 
is  appreciably  higher  than  tliat  of  a  tilting  furnace  of  small 
capacity,  or  of  a  fixed  open-hearth  furnace,  these  costs,  cal- 
culated per  ton  produced  daily,  work  out  most  favourably 
for  the  Talbot  furnace. 

7.  The  yield  of  metallic  iron  from  the  oxide  additions  (ore 
and  cinder)  is  higher  in  the  Talbot  furnace  than  in  other 
types. 

8.  The  slag  produced  in  the  Talbot  furnace  is  (owing  to 
the  concentration  of  the  phosphoric  acid  when  using  pig  iron 
of  high  phosphorus  content)  more  valuable  than  in  other 
types  of  furnace  ；  and  therefore  the  gain  arising  from  llie 
sale  of  the  slag  is  greater. 

9.  The  fuel  expenditure  is  lower  in  the  Talbot  furnace 
than  in  the  other  furnaces. 

10.  The  life  of  the  refractory  lining  is  longer  in  the 
Talbot  furnace  than  in  other  systems,  and  thus  both  tlie 
charges  for  repairs  and  the  total  consumption  of  refractory 
material  for  working  come  out  most  favourably  in  the  case  of 
the  Talbot  furnace. 

11.  The  working  of  the  furnace  is,  in  the  case  of  the 
Talbot  furnace,  most  simple  and  convenient,  especially  on 
account  of  the  easy  removal  of  the  slag  by  tipping  the  furnace. 

12.  The  work  of  the  furnace  staff  is  less  trying  with  the 
Talbot  furnace  than  with  the  remaining  types  ；  and  the 
number  of  persons  necessary  for  carrying  out  the  process  is, 
relatively,  the  smallest. 

From  -  what  has  been  said,  it  may  safely  be  maintained 
that 3  for  open-hearth  steelworks  producing  medium  and  large 
quantities,  the  Talbot  furnace  is  superior  to  all  other  types, 
so  that  it  may  reasonably  be  described  as  the  open-hearth 
furnace  of  the  future. 


ELECTRIC  STEERING  GEAR  FOR  VESSELS. 

At  a  meeting  of  the  American  Institute  of  Electrical  Engi- 
neers, held  on  May  19th,  a  paper  was  presented  by  H.  L. 
Ilibbarcl,  on  i£  Electricity,  the  Future  Power  for  Steering 
Vessels."  The  author  first  dealt  with  stean-  steering  gear, 
and  drew  attention  to  its  disadvantages.  Turning  to  the 
electric  drive,  he  claimed  that  the  following  results  could  be 
accomplished  with  this  method  ：  (1)  Reduction  of  weight 
and  space  of  driving  mechanism  ；  (2)  reduction  of  heat  in 
steering-gear  room  ；  (3)  elimination  of  accidents  with  steam 
pipes  ；  (4)  reduction  of  vibration  and  noise  ；  (5)  increase  in 
efficiency  \  (6)  simplification  of  control  and  ease  of  opera- 
tion ； (7)  increase  in  rapidity  and  accuracy  of  rudder  move- 
ment. He  outlined  the  electric  steering  gears  heretofore 
used,  one  of  the  first  successful  ones  being  the  Pfatischer 
system  used  on  a  number  of  naval  and  merchant  vessels. 
This  system  employed  a  shunt  motor  for  operating  the 
rudder  and  it  was  controlled  with  varying  voltage  supplied 
by  a  motor-generator  set.  The  field  of  the  generator  was 
controlled  from  the  steering  wheel  on  the  Wheatstone-b ridge 
principle,  one  arm  of  the  bridge  being  a  rheostat  located  at 
the  steering  wheel  and  another  located  at  the  rudder  cross- 
head.  The  unbalancing  of  the  bridge  by  the  movement  of 
the  wheel  gave  current  to  the  generator  field  and  conse- 
quently to  the  rudder  motor.  The  movement  of  the  rudder 
crosshead  cut  off  current  from  the  generator  field  and  the 
motor  was  stopped.  This  constituted  an  electric  follow-up 
control.  Objections  to  this  system  were  the  weight  and  cost 
of  the  motor-generator  set,  and  the  fact  that  it  was  always 
using  power.  The  available  power  decreased  as  the  rudder 
approached  the  balanced  position,  yet  this  was  the  point 
where  maximum  torque  was  frequently  desired.  Other 
systems  had  been  tried  in  the  U.S.  Navy  without  much 
satisfaction.  Two  Argentine  battle-ships  just  being  com- 
pleted had  a  system^  combining  rheostatic  and  field  control, 
which  the  author  described.  The  paper  was  mainly  devoted 
to  a  description  of  the  system  used  on  the  U.S.  battle-ships 
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" Texas  ，，  and  '  New  York."  This  system  used  power 
directly  from  the  dynamo  mains.  The  motor  liad  a  disc 
brake  and  the  main  iiutonial ic  cont  roller  and  resist ;uicc  were 
installed  near  it,  with  n  limiting  switch.  Masicr  cont  rollers 
were  fur'iiisli(>(l  on  t  lie  bridge,  in  the  comiiii"'  tower,  in  i  he 
central  cont  ro!  stalion,  and  in  the  steering-gear  room.  The 
reversing  switch  was  operated  by  a  lever  vv 1 1  i < ■  i i  rcl  urncd 
(g  its  middle  posit  ion  wIkmi  released.  A  small  nioveiiHMit  (" 
this  lever  ('； uisod  ilie  motor  to  start  aiul  run  at  low  speed, 
and  furtlior  mo vements  causrei  the  m()v('m('i"  to  accelerate 
more  ra})idly  to  full  speed.  There  was  no  i'ollow-up  cont rol. 
The  rudder  kept  moving  as  lon^  as  the  operating  lever  was 
in  ilie  running  position  and  stopped  when  it  was  returned 
to  the  cent ral  point.  A  control  panel  cont aincd  1  In*  ； uilo- 
matir  coiitacloi's  for  re  versa,  I,  accelei'at  ion,  and  dyn;i  mic 
brake.  The  calculation  of  Hie  necessary  liorsc-power  was 
given  and  lests  on  the  complete  equipimuit  showed  this  to 
agree  very  well  with  actual  requirements.  Tlie  trial  "'sis 
had  proved  tlie  gears  to  hv  satisfactory.  Graphic  charts 
were  given  showing  t  he  current  requirements,  wliirh 
involved  peaks  of  1,600  amperes.  There  was,  tlie  hu( lior 
claimed,  a.  saving  in  weigltt,  space  and  ("Iicieiiry  hy  tl"， 
use  of  this  system  and  ； in  ease  and  accuracy  of  control.  The 
rudder  could  be  operated  through  40°  in  16'5  seconds.  A 
motor  of  slightly  over  100  h.p.  would  be  suHicicnt  for  the 
" Texas." 


ROTARY  GRATE  FOR  GAS  PRODUCERS. 

An  arrangement  of  rotary  grate  for  gas  producers,  ll;e 
invention  of  Mr.  J.  A.  Weil,  Bowesfield  Lane,  Stockton-on- 
Tees,  is  shown  in  the  accompanying  cuts.  The  cylindrical 
part  of  the  grate  is  an  oblique  cylinder,  that  is  to  say,  a 
cylinder  having  its  axis  inclined  to  its  base.  By  this  con- 
struction there  is  secured  a  crushing  action  on  the  clinker 
or  fuel  between  the  periphery  of  the  cylinder  and  the  casing 
of  the  producer,  accompanied  by  a  stirring  effect  on  the  fuel 
and  a  working  of  the  ash  down  into  the  water  trough.  These 
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actions  are  enhanced  by  corrugating  the  periphery  of  the 
cylinder,  whereby  also  the  asli  is  prevented  from  being  merely 
moved  in  a  circle.  Referring  to  the  illustrations,  the  grate 
A  has  the  conical  grate  B  mounted  on  it,  the  base  of  tho 
grate  A  being  concentric  with  the  casing  C  of  the  producer. 
The  grate  is  fixed  to  the  water  trough  D  mounted  to  rotate 
on  a  hall  bearing  and  driven  by  a  worm  gear  E.  The  ashes 
are  removed  from  this  trough  by  an  inclined  fixed  scraper  F. 
G  is  the  usual  blast  pipe.  The  periphery  of  the  cylind rical 
portion  of  the  grate  is  corrugated  as  at  H. 


BY  PRODUCTS  OF  STEEL  MANUFACTURE. 

JiY  ADOLIMIE  GHEINEU,  D.SC. 

(Concluded  Jrovi  pcujc  51i.) 

I^LASTFURNACES. 

In  concluding  liis  own  excellent  arUIress,  my  esteemod  pre- 
decessor, Mr.  Arthur  Cooper,  recalled  the  remark  made  by 
our  deceased  friend,  Mr.  Ji.  P.  Martin,  who,  in  his  address 
in  1897,  said  :  It  would  almost  appear  as  if  pig-iron  would 
soon  become  a  by-product.  The  chief  work  of  the  ironnia-t*  i 
of  the  future  will  be  giving  light  and  power  to  the  country/' 
To  this  witty  prognostication  Mr.  Cooper  added  the  following 
reflection  :  "  It  is  clear  that  Mr.  Martin  in  1897  regarded  t  Iih 
.subject  as  a  most  important  one,  but  it  is  far  more  important 
to  us  to-day,  having  regard  to  the  great  increase  in  the  cost  of 
coal  which  has  already  taken  place,  and  the  certainty  of  a 
still  further  increase  in  the  near  future."  Let  me  add  to  that, 
" and  to  the  strong  depression  actually  existing  in  the  price 
of  pig-iron  itself."  I  shall  indeed  be  telling  blastfurnace 
managers  nothing  new  when  I  tell  them  that  on  the  Con- 
tinent, as  in  England,  the  price  of  pig-iron  has  fallen  during  a 
twelvemonth  by  20  to  25  per  cent.,  and  more  than  one 
furnace  has  to  depend  upon  the  resources  arising  from  t  In- 
employment  or  the  sale  of  its  by-products. 

1.  B/astfunuice  Gases. — For  a  long  time  past  blastfurnaces 
have  ceased  to  be  "  beacons  of  industry."  The  tops  have  not, 
however,  been  completely  closed  up  for  more  than  about 
30  years,  a  good  number  of  engineers  claiming  that  it  was 
necessary  to  visually  inspect  the  uniform  descent  of  the 
charge.  But,  even  with  open  tops,  a  portion  of  tlie  gases  from 
the  throat  of  the  furnace  had  already  served  to  heat  the  hot- 
blast  stoves,  which  were  formerly  composed  of  cast-iron  tubes 
of  varying  shapes.  A  considerable  improvement  in  their 
method  of  working  was  introduced  by  the  employment  of  gas 
subjected  to  preliminary  cleaning  in  order  to  remove  the  dust 
which,  in  the  form  of  deposits,  fouled  the  chequer-work  of  the 
stoves  and  choked  up  the  channels. 

To  give  an  idea  of  the  improvement  resulting  from  the  use 
of  washed  gases,  I  may  instance  the  fact  that  the  stoves  of  one 
of  the  large  blastfurnaces  of  the  John  Cockerill  Company 
became  choked  up  generally  after  four  or  five  months' 
working,  and  required  complete  cleaning  out.  After  running 
for  two  years  with  gas,  cleaned  to  the  extent  of  0*5  gramme 
per  cubic  metre,  the  same  stoves  have  required  no  cleaning 
whatever,  and  may  run  two  or  three  years  longer  without 
stoppage. 

Numerous  appliances  have  been  invented  for  the  purifi- 
cation of  blastfurnace  gases,  which  sometimes  contain  up  to 
10  grammes  of  dust  per  cubic  metre.  Generally  speaking, 
capacious  reservoirs  with  culverts  of  large  diameter  suffice  to 
effect  preliminary  purification.  By  reducing  the  rate  of  flow 
of  the  gases,  over  50  per  cent,  of  the  coarser  dust  becomes 
deposited  by  this  simple  static  process.  When,  however,  it  is 
desired  to  reduce  the  percentage  to  01  gramme  of  dust,  or 
even  lower,  dynamic  processes  have  to  be  employed,  that  is  to 
say,  the  gases  have  to  be  centrifugalised  with  water  spray>. 
and  for  this  purpose  there  is  no  lack  of  appliances.  Two 
types  are  very  commonly  employed  on  the  Continent  ；  one  is 
composed  of  vertical  washers  with  wooden  baffles  and  a  water- 
sprayed  fan ― the  Zschocke  system,  the  other  consisting  of  a 
washer  with  a  highly  ingenious  water  spray  and  disintegrator, 
a  sort  of  turbine  in  which  the  gas  circulates  in  the  opposite 
direction  to  a  current  of  water ― the  Theiseu  system ― that 
seems  to  solve  the  problem  better  still.  In  either  type  of 
appliance  the  dust  is  entangled  in  the  form  of  mud,  in  the 
troughs  where  it  becomes  deposited  ；  the  gases  emerging 
almost  at  the  temperature  of  the  injected  water,  and  saturated 
with  moisture. 

Works  that  do  not  ]>os.s ess  a  good  supply  ot'  water  employ, 
in  preference,  a  form  of  dry-cleaning  such  as  the  Halberger- 
Beth  system ,  in  which  the  cooled  gases  are  filtered  through 
bags  of  specially  made  canvas,  through  which  tliey  are  (I rau  n 
by  an  exhaust  fan.  This  type  of  cleaner  requires  less  motive 
power  and  carries  purification  to  the  greatest  possible  extent , 
as  the  gas  practically  contains  no  dust.  The  operation  is, 
however,  somewhat  delicate  ；  the  plant  occupies  more  space, 
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and  its  installation  is  more  expensive.  For  the  purpose  of 
comparison  the  following  figures  may  be  given  ；  they  are  not 
to  be  considered,  however,  as  determinative  in  the  matter  of 
the  cost  price  per  cubic  metre  of  the  gas  : — 


System. 

Consumption 
of  water  per 
1,000  cubic 
metres. 

Power  re- 
quired per 
1,000  cubic 
metres. 

Degree  of 
purification 
per  cubic 
metre. 

Cubic  metres. 

Horse-power. 

Gramme. 

Zschocke   

5 

6 

0.3  to  0.5 

Theisen   

3-5 

4 

0-08 

Halberger-Beth  

0-02 

2 

0-01 

Some  years  ago  doubts  were  raised  as  to  the  advantages 
of  purifying  gases  prior  to  burning  them  under  boilers,  the 
opinion  being  held  by  some  persons  that  the  expense  entailed 
by  the  cleaning  was  not  counterbalanced  by  a  superior  yield 
in  steam  raising  capacity.  But,  practically,  the  question  has 
now  been  solved,  and  it  may  be  said,  speaking  generally,  that 
it  is  better,  from  every  point  of  view,  to  discharge  the  dust, 
in  the  form  of  mud,  into  rivers  and  into  the  sea  than  to  dis- 
charge it,  in  the  form  of  smoke,  into  the  atmosphere.  When 
circumstances  prevent  this  it  is  necessary  to  have  recourse  to 
settling  troughs,  which  are  less  convenient.  Formerly,  when 
the  gases  underwent  no  cleaning  it  was  possible  to  judge  the 
working  of  the  furnaces  some  distance  away,  by  the  more  or 
less  pronounced  clouds  of  smoke  emerging  from  the  tall 
chimneys  of  the  apparatus  and  the  boiler  stacks.  At  present 
the  gases  are  hardly  silhouetted  against  the  sky,  and  this 
means  of  checking  proceedings  at  a  distance  has  been  lost. 

It  is  to  William  Whit  well  that  the  honour  is  due  of  having 
recuperated  heat  in  brick-lined  regenerators,  while  since 
Cowper  advantageously  modified  the  interiors,  the  height  of 
the  stoves  has  steadily  increased  until  they  now  attain  30  to 
32  metres  (98ft.  to  106ft),  while  their  efficiency  increases. 
Anyhow,  the  heating  of  the  blast  is  still  an  exceedingly 
expensive  proceeding,  and  it  may  be  permitted  to  hope  that 
important  improvements  may  yet  be  realised  which  will 
permit  of  the  withdrawal  of  a  smaller  proportion  of  the  blast- 
furnace gases  for  raising  the  temperature  of  the  blast  to  800° 
or  900°  C. 

The  drying  of  the  blast  by  the  Gayley  process  does  not 
furnish  adequate  results.  It  is  necessary  to  seek  to  improve 
the  combustion  in  the  Cowper  stoves  by  a  more  intimate 
admixture  of  gas  and  air,  and  better  still?  by  heating  the  air 
required  for  its  combustion  by  means  of  regenerators,  as  is 
now  done  in  the  case  of  reheating  furnaces  and  of  coke  ovens. 

The  production  of  cheap  oxygen  'by  the  fractional  distilla- 
tion of  liquid  air  probably  carries  with  it  in  reserve,  pleasant 
surprises.  The  trials  carried  out  in  Belgium  in  enriching  the 
oxygen  of  the  blast  have  been  very  encouraging. 

It  is  usually  estimated  that  with  the  means  employed  one 
half  of  the  gas  emerging  from  the  furnace  tops  is  absorbed  in 
the  Cowper  stoves,  and  that  the  remaining  half  is  available 
for  gas  engines  or  boilers.  We  know,  too,  that  given  equal 
power,  a  gas  engine  consumes  less  than  half  the  amount  of 
gas  consumed  beneath  the  boiler  to  supply  even  the  most 
perfect  steam  engine,  while  most  of  tlie  metallurgical  works 
in  Europe  have  made  the  installation  of  gas  engines  the 
general  practice.  Such  engines  are  now  found  in  all  countries. 
The  number  of  gas  engines  at  work  of  over  200  h.p.  is  esti- 
mated at  over  900,  representing  an  aggregate  of  at  least 
1,500,000  h.p.,  while  to  these  figures  must  be  added  those  in 
the  United  States  of  America.  Belgium  occupies  a  highly- 
honourable  place  amongst  the  great  industrial  nations,  with 
94  gas  engines  developing  a  total  of  128,000  h.p. 

We  have  travelled  far  from  the  initial  stages  of  1895， 
when  I  brought  before  the  Institute  the  preliminary  results 
obtained  at  the  Cockerill  Works  with  the  D elamarre-D ebout- 
teville  engine,  and  when  I  had  decided  upon  the  use  of  un- 
cleaned  blastfurnace  gases  after  trials  of  a  small  8  h.p.  motor, 
which  I  subsequently  modified.  I  would,  in  this  connection, 
pay  to  the  memory  of  B.  H.  Thwaite  the  tribute  he  deserves 
for  having  made  known  the  results  of  the  earliest  experiments 
carried  out  at  the  works  of  the  Steel  Company  of  Scotland, 
under  the  management  of  James  Riley,  and  those  of  the 
experiments  at  Doncaster,  and  for  pointing  out  the  advan- 
tages conferred  by  the  direct  utilisation  of  blastfurnace  gases 


foi'  the  production  of  electrical  energy.  The  pioneer's  un- 
timely death  prevented  him  from  reaping  the  fruit  of  his 

investigations. 

The  first  more  definite  results  in  this  direction  were 
furnished  by  Prof.  Aime  Witz，  who  has  recorded  in  the 
" Journal  of  the  Institute  "  the  results  of  the  highly  elaborate 
experiments  carried  out  by  himself  and  Prof.  Hubert,  in  July, 
1898,  at  Seraing.  Within  a  few  weeks  there  will  be  put  into 
operation  at  those  works  the  most  powerful  gas  engine  hither- 
to constructed.  It  will  develop  8，000  h.p.  What  progress  has 
been  made,  too,  in  engineering  ！  Within  15  years  we  have 
witnessed  the  almost  complete  transformation  of  the  means  of 
producing  motive  power  on  a  large  scale.  On  the  one  hand, 
the  gas  engine  has  solved,  practically,  the  rational  utilisation 
of  blastfurnace  and  coke-oven  gases  ；  on  the  other,  the  steam 
turbine  extracts  from  the  coal  a  far  greater  amount  of  energy 
than  the  piston  engine  ever  rendered  available. 

Does  the  future  hold,  in  further  store  for  us,  the  promise 
of  the  gas  turbine  ？  Possibly  so,  although  up  to  the  present 
the  ascertained  results  have  not  been  very  encouraging.  In 
the  meanwhile  the  central  power  stations  of  metallurgical 
works  continue  to  develop.  Many  such  stations  possess  from 
five  to  10  gas-driven  blowing  engines,  and  10  to  15  motor 
generator  sets  developing  sometimes  an  aggregate  of  over 
30,000  h.p.  They  are  fed  with  coke-oven  or  blastfurnace  gas 
― sometimes  with  both ― after  complete  purification.  Expe- 
rience has  shown  that,  after  six  months'  running,  the  dust 
deposits,  even  in  the  most  tortuous  windings  of  the  cylinders, 
are  scarcely  appreciable,  provided  the  gas  does  not  contain 
over  0'025  gramme  per  cubic  metre.  On  the  other  hand,  if 
the  cooling  water  is  not  too  hard,  the  cleaning  of  the  deposit 
from  the  cylinder  walls  need  only  be  effected  every  second 
or  third  month.  Look,  likewise,  at  the  advantages  that  may 
be  derived  by  the  utilisation  of  the  spent  gases,  on  their  leav- 
ing the  engines  ；  the  500  degrees  of  heat  they  carry  off  with 
them  yield  in  appropriate  boiler  plants,  an  amount  of  steam 
which  can  be  used  in  machines  of  different  descriptions,  or, 
better  still,  in  turbines.  Careful  experiments  have  established 
that  by  these  means  10  to  13  per  cent,  of  the  effective  energy 
of  the  gas  engine  can  be  recovered. 

(2)  Slags,  Cement,  Bricks,  Ballast }  and  Agglorneratts. —— 
The  gases  are  not  the  only  by-products  of  pig  iron  ；  there  are 
also  the  slags,  the  annual  production  of  which  is  estimated 
at  close  on  200,000,000  tons，  which  accumulated,  in  enormous 
tips,  in  the  neighbourhood  of  works,  encumber  land,  which 
often,  in  the  course  of  years,  acquires  considerable  value. 
The  endeavour  to  turn  them  to  profit  is  a  problem  deserving 
of  the  closest  attention  of  metallurgists. 

When  the  slags  are  acid  they  are  made  to  serve  for  the 
manufacture  of  slag-wool,  formerly  employed  as  a  】iea1> 
insulating  packing,  but  since  the  bulk  of  the  slags  have 
become  calcareous  it  has  been  in  the  direction  of  the  manu- 
facture of  artificial  cements  that  ingenuity  has  been  brought 
to  bear  upon  their  employment.  With  this  object  they  are 
granulated  by  cooling  them,  as  they  flow  from  the  blast- 
furnace, either  by  water-spraying  or  by  means  of  air-jets.  By 
drying  them,  mixing  them  with  25  to  30  per  cent,  of  hydraulic 
lime,  and  grinding  them  in  various  forms  of  mill,  a  fine 
powder,  leaving  not  more  than  12  per  cent,  of  residue  on  a 
sieve  having  a  mesh  of  4,900  per  square  centimetre  (12,500 
per  square  inch),  is  obtained,  which  constitutes  a  cement  of 
excellent  quality,  corresponding  to  the  requirements  of  ordi- 
nary specifications,  viz.,  a  breaking  strain  of  10kg.  to  18  kg. 
per  square  centimetre  after  seven  to  28  days  (1421bs.  to 
2631bs.  per  square  inch),  and  a  crushing  strength  of  100  kg. 
to  180  kg.  (1.4221bs.  to  2;6321bs.)  in  the  ordinary  mortar. 

When,  however,  it  becomes  a  question  of  satisfactorily  con- 
forming to  the  new  German  specifications,  which  stipulate 
for  a  crushing  strength  of  250kg.  (3,5541bs.)  after  28  days, 
it  is  better  to  manufacture  slag  cement  by  burning.  For  this 
purpose  a  mixture  of  75  per  cent,  of  granulated  slag  is  fritted 
in  the  kilns  usually  employed  in  the  Portland  cement  indus- 
try, with  25  per  cent,  of  lime  ；  by  these  means  there  are 
obtained  nodules,  or  semi-fused  agglomerates,  possessing  a 
special  molecular  texture  and  termed  "  clinker."  A  mixture 
of  70  per  cent,  of  clinker  and  30  per  cent,  of  granulated 
slag,  finely  ground,  yields  a  cement    of    superior  quality, 
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known  in  Germany  as  u  Eisen-Portland/'  and  ； u  (lin- 
ing the  last  five  years,  under  the  same  category  as  Portland 
cement,  by  public  administrations  and  the  International 
Sales  Syndicates. 

The  cement  industry  has  grown  greatly  of  recent  years  : 
it  is  estimated  ( lial  the  annual  European  production  of 
various  slag  cements  reaches  the  figure  of  1 ,000,000  tons, 
and  this  amount  will  not  fail  to  increase.  To  1 1 1  i s  must  he 
added  the  eiiornious  out  of  the  Stt^'l  Trust,  who  .c  <-ctiiciii 
works  have  just,  botMi  consider-ably  enlai-^ed.  The  i  tti }  xirt  a  til. 
development  of  tlie  use  of  ferro-concrete  further  opens  u | > 
to  their  use  a  promising  future. 

Side  by  side  with  cements  there  is  being  carried  out,  at 
many  works,  the  manufacture  of  bricks.  The  granulated  slag 
mixed  with  a  small  percentage  of  slaked  lime  is  put  under 
presses,  and  the  bricks  thus  formed,  and  heated  in  autoclaves 
under  steam  at  a  pressure  of  one  to  eight  atmospheres, 
acquire  a  remarkable  degree  of  hardness.  Thei»'  tuiiformity 
of  shape  and  their  pleasing  appearance  has  created  a  demand 
for  them  for  all  kinds  of  masonry  work,  which  they  render 
drier  and  more  impervious  to  moisture  than  ordinary  brick. 

Of  late  a  good  deal  of  slag,  broken  up,  graded,  and 
screened,  has  been  used  for  the  ballasting  of  railroads  and 
for  the  construction  of  highways,  where,  either  alone  or  in 
admixture  with  tar  or  with  cement,  it  forms  very  firm  sur- 
faces. Whatever  is  done,  however,  it  has  to  be  remembered 
that  all  the  applications  devised  for  the  utilisation  of  slags 
as  saleable  by-products  are  "up  against  "  the  enormous 
amount  of  their  production,  and  they  must  continue  to  be, 
for  a  long  time  yet,  the  despair  of  the  ironmaster. 

Another  by-product  which  possesses  importance  is  that 
derived  from  the  heavy  dust  recovered  from  the  dust  catchers, 
which  has  a  composition  closely  approximating  to  the  ores 
employed  in  the  furnace  burthen.  The  amount  varies  greatly, 
according  to  the  nature  of  the  ores  used.  In  some  works,  for 
example,  those  which  employ  a  large  proportion  of  the 
Lorraine  ores,  it  may  be  estimated  at  6  to  10  per  cent,  of  the 
charge.  Experiments  have  everywhere  been  made  to  agglo- 
merate it  and  use  it,  in  this  form,  in  the  blastfurnace. 

The  cost  of  agglomeration  varies  from  Is.  8d.  to  4s. ， 
according  as  to  whether  a  binder  is  used,  such  as  quicklime, 
calcium  chloride,  magnesia,  &c.，  or  whether  it  is  nodulised  by 
roasting.  As  the  material,  when  nodulised,  possesses  the 
value  of  the  natural  ore,  the  saving  is  considerable. 

Steelworks. 

If  the  slag  derived  from  the  dephosphorising  process  in 
basic  converters  can  be  regarded  as  by-products,  the  value  to 
be  attached  to  this  material  is  one  of  which  Thomas  and 
Gilchrist  could  hardly  have  even  suspected  the  importance  at 
the  time  of  their  memorable  invention  in  1875.  In  his  paper 
road  before  the  Institute  in  1887，  Gilchrist,  who  at  that  time 
estimated  at  400,000  tons  the  total  slags  containing  from  17 
to  20  per  cent,  of  phosphoric  anhydride  produced  during  the 
year  preceding,  pointed  out  that  out  of  a  total  of  2,500,000 
tons  of  phosphatic  manures  consumed  in  the  five  largest  coun- 
tries using  them,  the  proportion  of  slag  already  being  used 
was  of  favourable  augury  for  the  future.  lie  was  not  far 
wrong,  for,  according  to  a  proximate  calculation,  the  produc- 
tion of  basic  slag  in  1913  must  have  attained  close  on  to 
5,000,000  tons,  worth  nearly  200  millions  of  francs 
(£8,000,000),  distributed  as  follows  ： - 

Basic  Slag  Prod uction  in  1913. 

Tons. 

Germany  and  Luxemburg    3,415,000 

France   735,000 

Belgium   500,000 

Great  Britain    325,000 

Sweden,  Russia,  and  Canada    80,000 

Total    5,055,000 

There  are  still,  in  a  modern  steel  works,  very  many 
economies  to  be  effected  by  the  judicious  application  of  the 
heat  losses  from  the  converter  itself  down  to  the  smallest  mill- 
reheating  furnace.  Gjers,  by  his  invention  of  soaking  pits, 
an  invention  which,  for  its  simplicity,  recalls  the  historical 


instance  of  Christoplier  Coluinhus  and  the  egg,  opened  up  a 
road  upon  which,  it  seems  to  me,  we  have  since  come  to  a 
standstill.  Who  can  say  that  our  engineers  will  not  some 
day  solve  tlie  problem  of  recovering  the  enormous  heat  losses 
in  the  flames  of  the  converter  ？  Theoretically,  per  ton  of 
coal  there  are  180,000  calories  available  at  the  mouth  of  a 
basic  converter,  an  amount  whicli  represents,  on  a  daily  pro- 
duction of  1,000  tons  of  steel,  tlie  very  respectable  total  of 
180,000,000  calories  wasted  into  the  atmosphere.  This  lieat 
could  he  utilised  beneatli  l)oilers,  tlie  slearn  from  which  could 
supply  a  tu rbo-blowing  engine.  A  calculation  will  show  that 
its  complete  recovery  would  yield  40  li.]>.-liours  per  ton,  which 
corresponds  with  2,000  h.p.  available  permanently  for  a  steel 
production  of  1,000  tons  per  20-hour  day.  That  is,  nearly 
the  power  of  the  blowing  engine,  and  the  refining  of  the  pig 
iron  could  thus  be  effected  without  the  expenditure  of  any 
further  calorific  energy. 

Is  the  importance  of  the  heat  losses  by  radiation  from 
the  numerous  reheating  furnaces  always  borne  in  mind  ？  Do 
we  remember  always  that  the  temperature  of  the  gases  at 
the  foot  of  the  stack  should  never  exceed  300。  C'.,  whereas 
they  often  attain  to  600°  and  even  higher  ？  If  this  loss  of 
calories  is  relatively  small  in  good  boiler  plants  and  in  well- 
regulated  gas  producers,  where  it  can  hardly  exceed  25  per 
cent.,  what  shall  be  said  of  the  squandering  of  the  calorific 
energy  which  takes  place  in  the  open-hearth  furnace,  and, 
above  all,  in  the  reheating  furnaces  ？ 

Not  more  than  132,000  calories  are  needed  to  raise  the 
temperature  of  a  ton  of  steel  from  0°  C.  to  1,200°  C,  the 
temperature  of  rolling.  Now,  a  furnace  charged  with  cold 
ingots  requires,  roughly  speaking,  125  kg.  cwts.)  of  coal 
to  raise  it  to  the  temperature  of  rolling ― that  is  to  say, 
875,000  calories  ；  the  loss,  therefore,  is  85  per  cent.  ！  And 
how  many  furnaces  are  there  which  are  even  more  wasteful  ？ 
Really,  we  metallurgists  must  sometimes  feel  absolutely 
ashamed  to  quote  certain  figures  ！ 

How  many  steam  rolling-mill  engines,  and  in  particular  of 
reversible  mill  engines,  are  there  which  are  discharging  into 
the  atmosphere  clouds  of  steam  which  could  be  used  in  low- 
pressure  turbines  of  the  Rateau  type  ？  A  little  reflection  will 
show  that  the  wastage  of  heat  is  still  enormous,  and  that  the 
last  word  has  by  no  means  been  said  in  respect  of  the  heat 
economies  which  might  be  effected  in  steelworks. 

Side  by  side  with  these  economies  of  to-morrow  there  are 
those  which  yield  all  the  by-products  I  have  already  enume- 
rated, and  from  which  metallurgical  works  derive  greater  or 
less  profit,  according  to  the  degree  of  perfection  attained  to 
by  their  coke  ovens,  the  state  of  their  blastfurnaces,  and  the 
use  they  make  of  their  available  gases. 

If  a  metallurgical  works  produced,  itself,  in  regenerative 
coke  ovens,  all  the  coke  required  for  its  blastfurnaces,  if  it 
manufactured  bricks  and  cement  from  its  slag,  and  found,  in 
its  steelworks,  application  for  all  the  available  gases,  either 
in  its  open-hearth  and  its  reheating  furnaces,  or  in  the  pro- 
duction of  motive  power,  it  would  effect,  per  ton  of  pig  iron, 
profits  which  may,  in  detail,  be  shown  as  follows  ： ― 

Yield, 
s.  d. 

Coke  ovens  per  f  Sulphate,  tar,  and  benzols    3 

ton  of  coke.     \200  cubic  metres  of  gas  at  0.12(1   2  0 

Blastfurnaces      (  Cement,  bricks,  and  slag   0  Ik 

per  ton  of     \  1,250  cubic  metres  of  gas  at  0,03d   3  l| 

pig  iron       I  Recovery  of  dust   ― 

Total  per  ton  of  pig  iron   9 

Or,  per  ton  of  steel  ingots    11  - 

Or,  per  ton  of  rolled  steel  (rails,  girders,  sections,  bars)   1-  »> 

without  taking  into  account  the  profits  yielded  by  the  sales 
of  the  basic  slag.  What  an  income  for  him  who  would  know 
how  to  realise  it! 

I  think  I  have  sketched  a  sufficiently  complete  outline 
of  the  progress  realised  during  some  20  years,  in  the  reco- 
very and  application  of  the  by-products  of  steelworks.  Will 
that  progress  stop  where  it  is?  I  doubt  it.  Every  improve- 
ment leads  to  a  fresh  one,  and  each  clay  sets  the  goal  of  pro- 
gress further  ahead.  Just  as  electricity  has  permitted  of  the 
centralisation  of  motive  power  and  of  its  economical  distribu- 
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tion,  so  the  centralisation  of  the  resources  of  metallurgical 
gases  and  their  ready  transport  to  the  various  points  of  their 
utilisation  bestow  upon  metallurgical  works  enormous  advan- 
tages. To  the  huge  saving  in  fuel  which  results  from  the 
utilisation  of  coke-oven  and  blastfurnace  gases  for  the  pro- 
duction of  motive  power  must  be  added  those  which  are 
realised  by  the  numerous  applications  of  heating.  The  study 
of  suitable  burners,  the  general  employment  of  efficient  re- 
heaters,  and  the  means  of  perfect  adjustment  and  complete 
control,  will  conduce  to  even  greater  saving.  Finally,  the  cost 
of  labour  and  the  running  expenses,  other  important  factors 
of  the  cost  price,  are  similarly  reduced  to  a  proportional 
extent.  By  these  means  our  metallurgical  industries  succeed 
not  only  in  producing  cheaply,  for  the  general  need,  but 
they  show  themselves  provident  in  safe-guarding  for  future 
generations  the  wealth  that  nature  has,  with  great  generosity 
but  not  inexhaustibly,  implanted  in  the  soil. 

APPENDIX. 
Calculation  of  Available  Gases. 
Coke  Ovens, ― One  ton  of  coal  yields  300  cub.  metres  of 
gas,  therefore,  there  is  obtained,  per  ton  of  coke, 

300x100  =  400  cub.  metres  (14,126  cub.  ft.)- 
i  o 

In  modern  regenerative  ovens  half  the  gas  is  available  = 
200  cub.  metres,  or  7,600  cub.  ft.  Its  value  ranges  from 
0*12d.  to  0'15d.  according  to  the  use  made  of  it.  The  whole 
of  the  available  gas  can  be  utilised,  for  it,  is  possible  to  store 
up  in  gasometers  the  output  made  during  periods  when  the 
steelworks  is  stopped. 

Blastfurnaces. — One  ton  of  pig  iron  requires  for  its  pro- 
duction one  ton  of  coke,  and  one  ton  of  coke  yields  4,500  cub. 
metres  (159,000  cub.  ft.)  of  gas,  of  which  40  per  cent.,  or 
1,800  cub.  metres  (63,500  cub.  it.),  is  available.  The  gas  is, 
however,  lost  during  the  stoppages  of  the  steel  works,,  because 
its  volume  is  too  great  to  be  stored,  and  in  practice  only 
1,250  cub.  metres  (44,000  cub.  ft.)  can  be  utilised.  Its  value 
is  0  03d.  per  cub.  metre. 

GYROSTATIC  DEVICES  FOR  THE  CONTROL  OF  MOVING  BODIES. 

At  a  meeting  of  the  Physical  Society  of  London  a  paper  on 
this  subject  was  read  by  Dr.  J.  G.  Gray.  The  paper  dealt 
with  a  number  of  new  contrivances  for  stabilising,  steering) 
and  forcibly  manoeuvring  moving  bodies,  such  as  torpedoes 
and  airships.  A  number  of  old  experiments  were  first  shown. 
These  included  the  "  gyrostat  on  stilts  "  and  "  gyrostat  on 
gimbals"  experiments  due  to  Lord  Kelvin,  the  crossed 
bifilar  "  experiment  due  to  Prof.  Blackburn,  and  a  stilt  top 
devised  by  Prof.  Harold  Wilson.  It  was  shown  that  the 
gyrostatic  system  in  each  of  these  experiments,  although 
exhibiting  considerable  balancing  power,  was  not  possessed 
of  real  stability.  An  unstable  body  rendered  truly  stable  by 
gyrostatic  action  must  possess  the  property  that  if  displaced 
from  the  mean  position  it  returns  to,  and  conies  to  rest  in, 
that  position.  The  mean  position  is  that  in  wliich  the  poten- 
tial energy  of  the  gyrostatic  system  is  a  maximum,  and  if  the 
system  is  disturbed  energy  must  be  supplied  to  restore  it  to 
tlie  mean,  or  undisturbed,  position.  A  number  of  new  gyro- 
static models  were  displayed  in  action,  including  two-wheeled 
and  four-wheeled  gyrostatic  motor-cars  and  bicycles.  These 
all  provide  examples  of  gyrostatic  systems  provided  with  com- 
plete or  real  stability,  and  in  all  the  cases  shown  the  stabilis- 
ing forces  are  derived  from  the  propelling  system-  One  of 
the  cars  shown  runs  on  two  wheels  in  tandem,  and  is 
stabilised  by  a  single  gyrostat.  This  gyrostat  is  mounted  in 
the  car  and  controls  the  steering  mechanism  ；  it  forms,  in 
fact,  a  gyrostatic  chauffeur.  The  model  illustrated  a  new 
form  of  torpedo  and  airship  control.  A  second  form  of 
motor-car,  which  also  runs  on  two  wheels  in  tandem,  consists 
of  two  parts,  a  front  one  and  an  after  one.  The  front  part 
carries  a  gyrostat,  the  back  part  the  propelling  mechanism, 
and  the  two  parts  are  connected  together  by  means  of  a  ver- 
tical hinge.  The  front  part  is  propelled  by  the  back  part, 
and  the  arrangement  is  one  of  complete  stability.  Tlie  entire 
system  may  be  manoeuvred  by  means  of  the  gyrostat.  Tt  was 
pointed  out  that  by  properly  fitting  an  airship  willi  a  gyro- 
static " nose  "  it  should  be  possible  to  manoeuvre  forcibly  the 
airship  by  means  of  forces  derived  from  the  propellers. 


THE  FLYING-MACHINE  FROM  AN  ENGINE 已 RING 
STANDPOINT, 

JiY  FREDK1IIL  K  WILLIAM  LANCHESTEll,  M.INST.C.E. 

(Continued  from  page  518.) 

(7)  Mali  re  Potn  r  I  n  si  <tJ  I  af  ioit . — We  are  now  faced  with  the 
coiisii.lo'al  ion  of  the  inotive-])ower  installation.  At  the  pre- 
sent time  the  internal-combustion  engine ~ more  definitely  the 
petrol  motor ― holds  the  field.  No  other  prime  mover  is  able 
to  compete  either  on  the  score  of  weight  per  horse-power  or 
fuel  weight  economy  ；  there  is  nothing  in  sight  likely  to  oust 
the  internal-combustion  motor  from  its  supreme  position. 
The  relative  importance  of  lightness  and  economy  of  fuel  is 
determined  by  the  dass  of  service  for  which  the  motor  is 
required.  In  Fig.  27  curves  are  given  of  weigh tjh ornt- po r 
for  various  motors  ；  orclinates  represent  weight  of  motor  plus 
fuel,  abscissae  the  duration  of  the  run  at  full  load.  It  can 
be  seen  at  a  glance  from  this  diagram  that  for  brief  periods 
the  weight  per  horse-power  of  the  engine  is  the  all-important 
factor,  whereas  for  long  runs  this  becomes  relatively  less 
important,  the  weight  of  petrol  and  lubricating  oil  becoming 
the  main  item.  On  referring  to  Fig.  27  it  will  be  noted, 
taking  the  extremes,  that  the  Gnome  engine  starts  with  a 
very  considerable  advance  over  the  motor-car  engine  given  for 
comparison,  but  after  a  run  of  17  hours  at  full  load,  the 
motor-car  engine  (represented  for  the  purpose  of  illustration 
by  the  Daimler)  by  its  greater  economy  has  taken  the  lead. 
This  diagram  was  prepared  by  me  some  three  or  four  years 
ago  (see  Report  of  the  Advisory  Committee  for  Aeronautics 
for  1909-10).    Many  of  the  aeronautical  motors  of  the  present 
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day  combine  with  a  weight /  horse  power  factor  of  about 
4，  a  degree  of  economy  that  compares  well  with  the  best 
automobile  practice. 

Out  of  a  great  multiplicity  of  types  of  aeronautical  engine 
now  on  the  market  there  are  two  types,  namely,  the  rotating 
engine  on  the  one  hand  and  the  light-weight  multi-cylinder 
Vee  type  on  the  other,  which  I  consider  likely  to  survive. 
The  rotating  type  of  engine  gives  the  possibility  of  very  com- 
plete balance  with  simplicity  of  working  parts,  and  so 
provides  the  aeronautical  constructor  with  an  engine  especially 
serviceable  where  small  machiner,  are  concerned,  and  sim- 
plicity and  upkeep 十 are  of  importance.  The  rotating  engine 
is,  at  the  present  day,  reasonably  economical  in  petro】，  but  is 
grossly  extravagant  in  lubricating  oil,  and  consequently  is  at 
a  disadvantage  for  long-distanc?  work  ；  it  will,  however, 
probably  hold  its  own  for  some  time  to  come  in  machines  for 
short-distance  flying.  The  rotating  engine,  also,  suffers  from 
some  disadvantages  on  the  score  of  exhaust  silencing.  The 
umlti-cylinder  Vee  type,  though  ordinarily  not  so  light,  power 
for  power,  as  the  rotating  engine,  has  many  advantages, 
especially  for  high  power  and  where  long  distances  have  to  be 
negotiated. 

It  is  customary  in  the  rotating  engine  to  employ  direct 
；】 ir  cooling  ;  it  is，  in  fact,  difficult  to  arrange  such  an  engine 

*  The  "  James  Forrest  "  Lecture,  1914,  delivered  before  tlie  Institution  of  Civil 
Engineers,  May  5th,  1914. 

t  With  the  rotating  engine  in  its-  present  state  of  development,  the 
question  6f  upkeep  is  not  its  most  satisfactory  feature. 
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with  water  cooling.  The  horse-power  absorbed  in  tlie  Gnonio 
engine  incidental  to  air  cooling  is  very  great;  in  the  original 
so-called  50  h.p.  Gnome  (which  actually  gives  very  little  over 
40  h.p.  in  flight),  tlio  power  consumed  in  win  i  resistance, 
even  on  the  test  stand,  amounts  to  something  iu、;irly  (；  li 屮.， 
and  it  may  be  materially  greater  under  flying  condit ions. 

In  engines  of  the  Vee  type  water  cooling  is  in  greater 
favour  ；  the  Renault  sjK'cial  aeronautical  motor  is  an  excep- 
tion, being  cooled  by  air  blast  generated  by  a  cent ril'u^al  fan. 
The  weight  of  the  water-cooling  system  when  lillcd  atnounls 
at  the  best  to  0"61b.  per  horse-power  (with  \v:"('r  tuvirly  111), 
per  horse-power),  and  thus  ronstiiutes  a  serious  addit  ion  to 
the  weight  of  the  installation.  Here  again  the  class  of  ser- 
vice becomes  important.  It  is  evident  that  for  short-distance 
flying,  where  engine  weight  is  of  paramount  impoil ance,  it 
may  be  better  to  employ  direct  air  cooling  ；  when,  however, 
a  long-distance  service  is  required,  it  may  arise  tliat  the 
weight  of  the  water-cooling  system  is  justified  by  i\w  s:ivm"r 
in  horse-power  and  better  fuel  consumption. 

According  to  a  recent  investigation  by  me*  the  lnininuun 
horse-power  expended  in  cooling,  that  is  to  say,  tli"  horse- 
power necessarily  expended  in  cooling,  is  a  function  of  tlie 
area  and  temperature  difference  of  the  surface  exposed,  and 
tli ere  is  some  difficulty  in  providing  an  air-cooled  engine 
cylinder  with  sufficient  gill  surface  to  keep  the  horsc-pmvt  r 
loss  as  low  as  desirable  ；  when,  on  the  other  hand,  water  is 
used  as  a  heat  carrier,  the  rigid  limitation  as  to  available 
surface  no  longer  applies,  there  is  some  disadvantage,  how- 
ever, as  to  temperature  difference.  In  Fig.  28  a  diagram  is 
given  showing  the  essential  relations  between  horse-j)ower 
equivalent  of  heat  dissipated  per  square  foot  surface 
(abscissae),  tangential  velocity  of  air  (ordinates),  tenij)erature 
difference,  and  power  absorbed  in  skin  friction.  It  will  be 
understood  the  graphs  represent  the  minimum  horse-power 
absorbed  based  on  the  assumption  that  the  air  is  traversing 
the  surface  along  a  stream-line  path,  and  that  there  is  no 
additional  loss  of  power  in  eddy  making  (other  than  tliat 
incidental  to  skin  friction)  ；  tlie  honeycomb  type  of  radiator 
most  nearly  complies  with  this  condition. 

We  may  now  proceed  to  consider  the  interrelation  and 
compatibility  of  engine  and  propeller.  It  has  already  been 
pointed  out  that  in  order  to  get  the  full  output  from  a  given 
engine  (as  is  also  well  known  to  be  the  case  in  marine  pro- 
pulsion), a  propeller  pitch  has  often  to  be  selected  far  from 
that  proper  to  highest  efficiency.  The  difficulty  has  (as  in 
the  early  Wright  machine)  been  met  by  adopting  a  reduction 
gear  ；  alternatively  (as  also  in  the  Wright  machine)  a  multi- 
plicity of  propellers  may  be  employed.  It  is  evident,,  for 
example,  that,  if  four  propellers  be  used  in  place  of  one 
propeller,  the  individual  diameter  may  be  halved,  and  conse- 
quently for  a  given  pitch  (and  therefore  revolution  speed) 
the  pitch  diameter  ratio  doubled.  The  original  Wright 
machine  furnished  a  good  example  of  a  case  in  which  the 
propeller  pitch  diameter  ratio  was  made  approximately  that 
of  best  efficiency,  and  this  result  was  obtained,  in  spite  of  the 
low  velocity  of  the  Wright  machine,  by  a  combination  of  both 
methods  ；  that  is  to  say,  two  propellers  were  used  instead  of 
one,  and  these  propellers  were  geared  down  from  the  engine  in 
the  relation  of  10  to  33. 

The  incompatibility  at  present  existing  between  the  engine 
speed  and  the  propeller  pitch  becomes  less  as  the  flight 
velocity  is  increased,  so  that,  in  the  case  of  an  ordinary 
machine  of  about  l,4001bs.  total  weight,  the  propeller  sj)ee'd 
(for  best  efficiency)  for  a  single-screw  machine  becomes  appro- 
priate to  the  normal  engine  speed  at  about  100  miles  per 
hour.  Since  the  loss  of  efficiency  for  a  fine  pitch  propeller, 
even  down  to  half  the  pitch  ratio  of  best  efficiency,  is  not 
great,  it  may  be  taken  that  for  flight  speeds  of  50  miles  an 
hour  upwards  the  balance  of  advantage  lies  definiielv  with 
th?  direct-coupled  propeller  :  this  agrees  -with  experience.  A 
point  of  interest  in  connection  with  propellers  of  compara- 
tively fine  pitch  and  somewhat  reduced  diameter,  such  as 
commonly  in  use  to-day,  is  the  fact  that,  with  tlie  engine 
opened  fully  out,  there  is  very  little  difference  between "^t he 
fhrust  and  tlie  revolution  speed  whether  the  】im('l!iiie  is  staiul- 
ing  or  is  in  full  flight  (it  is  commonly  reported  that  the 
*  Report  of  the  Advisory  Committee  for  Aeronoutics,  1912-1913.  p.  94. 


revolution  speed  does  not  increase  more  than  10  per  cent, 
from  "  standing  '}  to  full  normal  flight  speed)  ；  the  thrust 
variation  also  is  slight.  This  fact  constituten  tlie  only  justi- 
fication for  the  static  test  of  aeronautical  propellerH, 
fretjuently  resorted  to  when  approximate  data  are  requimJ. 
There  is  no  doubt  that  in  a  propeller  of  theoretically  perfect 
proportion,  or  in  an  existing  propeller,  if  fitted  to  a  machine 
of  less  resistance,  there  would  be  a  far  greater  response  to 
(light  speed  variations.  Actually  tliis  is  the  case  in  mari"'' 
propulsion,  where  the  propeller  revolution  recorder  is  ")，m- 
nionly  louncl  to  give  more  reliable  readings  tlian  tlie  、 
log. " 

(8)  Rehitintj  fo  flu  / 入"〃 〃  of  f/,r  ,  | 力 /,"•/.— We  shall 
now  proceed  to  the  discussion  of  tlie  more  detailed  arrange- 
ments and  structural  features  of  the  machine.  First,  tlie 
aerofoil.  The  pressure  appropriate  to  least  resistance  we  lia vo 
； lire  ad  y  seen  to  be  given  by  the  expression*  0*32  pV-  in  abs. 

units,  or  ^二  in  lbs.  per  square  foot. 

Consequently,  if  '/'  is  the  weight  (in  flying  order),  the  area 
required  is  ^ ^^>'~  as  appropriate  to  least  resistance. 

The  above  is  the  whole  basis  of  any  initial  "  lay  out  " ； 
there  are  niany  refinements,  liowever,  to  be  considered  whicli 


enter  into  the  complete  problem.  The  principal  of  these 
are : — 

The  fact  that  part  of  w  is  a  function  of  the  aerofoil  area ― 
the  quantity  we  are  determining ― means  that  the  best  area 
will  be  less  than  given  by  the  foregoing  expression.  This 
point  has  been  dealt  with  by  me  in  "  Aerial  Flight,"  1907， 十 
Vol.  I.，  §§  171，  194,  195,  196:  also  more  recently  by  tlie 
staff  of  the  National  Physical  Laboratory.^ 

Beyond  the  above  the  specification  of  flight  velocity  for 
any  machine  consists  more  often  tha'i  not  in  the  prescription 
of  higher  and  lower  limits  rather  than  of  a  set  fixed  speed. 
Under  these  circumstances  the  final  values  and  proportions 
are  based  on  a  lay  out  of  graphs  of  resistances,  thrust,  c\rc,  on 
the  lines  of  the  diagrams  already  given ,  Figs.  11  and  12. 

It  is  evident  from  the  general  character  of  the  resistance 
velocity  curve,  as  shown  diagrammaticallv  in  Figs.  11  and  12， 

*  Compare  Figrs.  17  and  18  and  text.   The  constant  0-32  is  ompiriral. 
t  Constable  A  Co. 

X  Kcport  of  the  Advisory  Committee  for  Aeronautics,  1911-1912.  p.  78. 
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that  whereas  considerable  departure  may  be  permitted  from 
the  normal  velocity  of  flight  on  either  side  of  the  minimum 
without  incurring  appreciable  increase  in  resistance,  at  the 
limits  of  the  flight  speed  range,  the  slope  of  the  resistance 
i  urvo  is  considerable,  and  there  will  be  sharply  defined  points 
at.  which  tlie  resistance  is  equal  to  the  maximum  propeller 
thrust  and  no  liberties  can  be  taken.  It  is  important  to  note 
that  at  the  maximum  limit  of  flight  speed  the  equilibrium  of 
thrust  and  resistance  is  stable,  whereas  at  the  minimum  limit 
the  conditions  are  those  of  instability,  so  that  should  the 
marliine  at  any  time  fall  below  the  minimum,  the  aeronaut 
can  only  recover  his  power  of  flight  by  calling  upon  gravity 
to  assist  him,  that  is  to  say,  by  taking  a  downward  course. 
Tf，  as  when  near  to  the  ground  (or  au  obstacle),  the  down- 
ward course  is  not  permissible,  the  machine  will  execute  an 
undignified  descent,  to  which  the  verb  "to  pancake  "  has 
been  applied.  The  critical  speed  at  which  this  will  take  place 
is  not  necessarily  related  to  the  critical  "  least  velocity  ，，  angle 
of  the  aerofoil. 

Briefly,  for  a  given  machine,  the  extent  of  the  flight  speed 
variation  is  a  function  of  the  reserve  of  thrust  over  the 
itiinitnuin  resistance  value,  the  absolute  value  of  the  limits 
being  fixed  by  the  load  that  the  aerofoil  is  called  upon  to 


Fig.  29. 


sustain.  In  the  case  of  a  high-powered  machine,  however,  the 
lower  limit  may  be  prescribed  by  the  critical  angle  of  the 
aerofoil. 

The  choice  between  monoplane  and  biplane  is,  in  the 
main,  a  question  of  constructional  engineering  ；  ibere  is  not 
a  great  deal  to  choose  between  the  two  from  an  aerodynamic 
standpoint,  but  with  equally  good  design  the  monoplane  gives 
a  slightly  better  lift/drift  ratio.  The  interference  effect  of 
the  two  members  of  a  biplane  aerofoil  has  been  studied  by 
manv  investigators.  Langley  showed,  about  1890，  that  with 
superposed  planes  (aspect-ratio  =  4)  the  interference  was  not 
serious  when  separated  by  a  distance  equal  to  their  lesser 
dimension.  The  results  of  a  more  recent  investigation  by  the 
staff  of  the  National  Physical  Laboratory  are  published  in 
the  report  of  the  Advisory  Committee  for  Aeronautics  for 
the  year  1911-12  (p.  73)，  from  wliicli  Table  VIII.  has  been 

Table  Ylll.— Table  of  M ulti p/ t/lnr/   Favtors  to   nhtnin  (fo- 
f'ffh'h'Htx  from  ihr  <  'offfir/n/fs  for  a  Sinyic  Aentfail . 


Biplane 
Spacing, 
Clap/Chord. 

Lift  Coefficient. 

Lift/Drift. 

fi°. 

8°. 

10°. 

6°. 

8°. 

10°. 

0-4 

0-61 

0-62 

0-63 

0-75 

0-81 

0-84 

0-8 

0-76 

0-77 

0-78 

c-. 

0-82 

0-8(i 

1  •() 

0-81 

0-82 

0-82 

0-81 

0-84 

0-87 

1  -2 

0  -80 

0-8(5 

0-87 

0-84 

0  -85 

0-88 

1  •(； 

0-89 

0-89 

0-90 

0-88 

0-89 

()•«)] 

l^ken.  In  addition  to  obtaining  quantitative  data  for  the 
})articular  aerofoil  cliosen  (Blcriot,  aspect-ratio —  4),  an  in- 


vestigation was  also  made  on  the  effect  of  staggering  the 
planes.  It  is  sliown  to  be  advantageous  to  arrange  the  upper 
foil  in  advance  of  the  lower  ；  thus  the  combination  a  b, 
Fig.  29,  is  of  the  same  efficiency  as  the  combination  a 

Considering  the  aerofoil,  whether  monoplane  or  biplaiu1, 
from  a  structural  standpoint,  and  in  investigating  the 
strength  of  the  aerofoil  as  a  whole,  it  may.  be  treated 
definitely  as  an  inverted  cantilever  system.  Thus,  comparing 
the  stresses  in  an  aeroplane  to  the  stresses  in  a  cantilever 
bridge,  we  have  the  weight  of  the  fusillage  with  its  alighting 
chassis,  motor,  passengers,  &c"  the  inverted  equivalent  of  the 
supporting  reaction  on  the  central  pier  of  a  cantilever  girder. 
We  have  the  air-pressure  force,  by  wliich  the  said  load  is 
sustained,  distributed  along  the  aerofoil  length  corresponding 
to  the  weights  of  the  outstanding  members  of  tlie  cantilever. 
We  have  a  variation  of  pressure  from  point  to  point  due  to 
gusts,  eddies,  &c.，  corresponding  to  some  degree  to  the  mov- 
able loads  representing  traffic  over  the  bridge.  In  the  case 
of  the  aerofoil,  we  have  in  addition  something  not  represented 
in  the  analogy  of  the  cantilever  girder,  i.e.,  the  weight  of  tlie 
aerofoil  itself  directly  supported  by  the  pressure  reaction  ；  we 
may,  however,  regard  this  equal  and  opposite  distribution  of 
weight  and  pressure  as  superposed  on  the  main'  system,  and 
as  not  contributing  to  the  stresses  in  the  aerofoil  members. 
So  far  as  the  analogy  to  the  bridge  holds  good,  it  is  evident 
we  have  a  well-known  engineering  problem  which  is  capable 
of  being  treated  by  well-known  methods.  In  the  calculation 
of  stresses  of  the  aerofoil  members  two  alternative  methods 
are  in  current  use  ；  in  the  one  the  aerofoil  struts  are  treated 
as  pin-jointed  members,  by  the  usual  truss-girder  construc- 
tion ； according  to  the  other  method,  in  place  of  the  hypo- 
thesis of  the  pin-joint,  we  have  the  hypothesis  of  continuity 
in  the  main  longitudinals.  The  first  and  simpler  method 
has  been  used  by  several  firms  for  many  years  past,  and  gives 
results  which,  under  ordinary  conditions,  are  very  much  on 
the  safe  side  ；  the  second  method  has  been  developed  during 
the  last  few  years  by  the  National  Physical  Laboratory,*  and 
has  been  adopted  by  the  Royal  Aircraft  Factory,  and  more 
recently  by  other  manufacturers. 

On  the  pin- joint  hypothesis  the  stresses  are  solved  by  the 
well-known  graphic  stress  diagram  ；  the  alternative  method  is 
considerably  more  complex.  Reference  should  be  made  to 
the  report  cited.  It  is  well  to  remark  that  though  the  ])in- 
joint  hypothesis  gives  results  usually  on  the  safe  bide,  tlie 
extent  of  the  factor  of  safety  so  introduced  is  not  one  that 
can  be  relied  upon,  and  may  in  special  cases  be  even  nega- 
tive. It  is  hardly  necessary  to  point  out  that  tlie  more 
important  and  vital  the  problem  the  less  appropriate  become 
methods  of  an  approximate  and  inexact  character. 

(9)  Resistance  of  Struts,  Wircsy  W/tafh'，  dc. —— The  ques- 
tion of  the  resistance  of  components  such  as  are  commonly 
embodied  in  the  design  of  existing  machines  has  been  studied 
experimentally  at  the  National  Physical  Laboratory,  at  the 
Aerodynamic  Laboratory  at  Gottingen,  and  by  Mr.  F.  Eiffel, 
in  Paris.  A  few  results  relating  to  strut  sections  are  given 
in  Fig.  30a.  The  graph  a  a  is  a  plotting  from  National 
Physical  Laboratory  data ，十 relating  to  the  sections  (t,  repre- 
senting one  of  the  best  forms  tested,  graphs  h  and  c  relating 
to  sections  h  and  c  as  determined  by  Mr.  Eiffel.  J  In  Fig.  30a 
ordi nates  represent  resistance  coefficient  in  absolute  units,  also 
in  terms  of  normal  plane  (the  normal  plane  unit  being  that 
of  maximum  section).  In  Fig.  306  are  given  two  strut  sec- 
tions designed  at  the  Royal  Aircraft  Factory.  These  were 
reported  upon  by  the  N.P.L.  as  giving  less  resistance  for  <j\v(  n 
sfrr/n/t/i  than  a  number  of  others  submitted.  Approximately, 
strength  for  strength,  these  sections  gave  one-fourth  the 
resistance  of  struts  of  circular  form.§ 

The  resistance  of  wires  and  ropes  has  been  investigated 
both  by  the  National  Physical  Laboratory  and  by  Prof. 
Prandtl  of  Gottingen.  The  position  may  here  be  sumniarisod 
by  saying  that  the  resistance  of  a  rope  or  stranded  cab】e，  at 
right  angles  to  the  direction  of  motion,  is  virtually  equal  to 
that  of  its  projected  area  in  normal  plane.  The  resistance  of 
smooth  wires  is  about  20  per  cent.  less.  Both  these  results 
only  hold  good  above  a  certain  minimum  value  of  /V,  whicli 

*  Report  of  the  Advisory  Committee  for  Aeronaut  ins,  1912-13,  No.  83. 
t  Ibid..  1912-13,  p.  111. 

+  "  Resistance  of  the  Air  and  Aviation,"  p.  134. 

§  Report  of  the  Advisory  Committee  for  Aeronautics,  1911-12,  p.  96. 
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m;iy  be  taken  at  ； ilxjut  15  ；  tlius  at  100 ft.  per  second  ilu- 
may  be  taken  as  applying  to  cables  or  wires  down  to  :> 
•|.in.  (^0-015ft.)  diam  *  . 
' Another  interest  in<;  set.  of  (Icteniiiiial  ions,  I'of  wliich  we 
are  indebted  to  tlie  National  l)liys"';il  I^ilx.r  itory,  is  tliat 
n-l;itin^  to  tlie   resistance,  of  "liglitiii"'   wheels  ;   tliw  li;ivc 
been  ti-sd-il  both  in  respect  of  resistance  and  lateral  rc;ict ion.f 
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The  direct  resistance  of  a  26in.  wheel  fitted  with  2^in.  pneu- 
matic tyres  appears  to  be  e(|ual  to  about  a  third  of  its 
projected  area  in  terms  of  equivalent  normal  】>lane，  the  pro- 
jected area  being  taken  to  be  that  of  the  tyre  itself.  For 
fuller  information  reference  should  be  made  to  the 
Memorandum  cited. 

(10)  Vertical  Surface. — One  of  the  quantities  of  great  im- 
portance in  connection  with  the  type  of  stability  known  as 
rotative  or  spiral  stability  is  that  of  vertical  surface.  It  is 
of  great  importance  to  be  able  to  compute  with  accuracy  the 
effective  distribution  of  vertical  surface  in  any  machine,  and 
of  recent  years  considerable  attention  has  been  devoted  to 
what  we  may  term  the  "  valuation  ，，  of  accidental  vertical 
surface.  For  example,  every  vertical  or  inclined  strut  has  a 
certain  directive  value  which  may  be  expressed  in  terms  of 
vertical  surface.  The  alighting  wheels,  especially  if  of  disc 
i'orin,  represent  considerable  areas  of  the  equivalent  vertical 
surface  ；  even  the  fusillage  (the  stream-line  body  or  car)  has 
its  equivalent  value  as  vertical  surface.  It  was  pointed  out 
by  me  some  years  ago  that  a  screw  propeller  moving  other 
than  axially  experiences  a  considerable  lateral  force.  More 
recently  Mr.  T.  W.  R.  Clarke  has  called  attention  to  this 
action  and  to  the  importance  of  considering  the  propeller  in 
its  capacity  as  effective  vertical  surface.  It  appears  from 
Mr.  Clarke's  investigation!  that  the  propeller  equivalent  in 
terms  of  vertical  surface  is  a  very  large  and  serious  factor, 
and  one  that  under  no  circumstances  should  be  ignored.  The 
Memorandum  in  question  is  worthy  of  careful  consideration 
by  all  engaged  in  the  design  or  construction  of  flying- 
niachines. 

A  point  tli at  should  not  be  overlooked  is  that  the  pro- 
peller value  in  the  sense  under  discussion  is  totally  different 
when  under  power  and  when  dragging  or  stationary  :  this 
suggests  the  desirability  of  locating  the  propeller  as  near  to 
the  centre  of  gravity  (in  the  fore-and-aft  sense)  of  the 
machine  as  conveniently  possible. 

(11)  The  Di/n<tinir  L fxtd  Fartor  〃〃〃  I",, 'fur  of  Snfci ij. — A 
matter  of  importance,  and  one  of  a  controversial  nature,  is 
the  factor  of  safety  necessary  in  order  to  take  care  of  tlie 
many  and  varied  conditions  met  with  by  a  macliine  in  II i^]»t . 
In  the  simple  case  of  a  machine  in  horizontal  flight  in  (■; 山 11 
weather  we  know  that  the  load  supported  by  the  aerofoil  is 
the  weight  of  the  body  of  the  iiiacliine  and  its  asso(、iat(、（l 
parts,  but  not  including  the  aerofoil  itself,  whose  weight  is 
directly  distributed  over  tlie  pressure  surface  ；  also  we  know 
that  in  the  various  evolutions  a  marliine  is  called  upon  to 
pei'foi'ni  the  stresses  may  considerably  exceed  the  normal, 
and  that  variations  of  effective  load  are  expcriei  cod  duo  to 

*  Compare  M onioraiulum  40  and  75.  Hcpoi'ts  of  the  Advisory  rominitter 
for  Aeronautics. 

t  Memorandum  74.  Report  of  the  Advisory  Committoe  for  Acron;uit ics. 
1912-1913. 

X  Presmtod  to  the  Advisory  Conmiit t*ic  l，v  Mr.  Morvyu  Odoriii:"i. 
Memorandum  80,  March,  1913.    Report,  1912-1913. 


wind  gusts  which  it  is  quite  out  of  tin-  power  oi  tlie  pilot 
to  prevent.  Excluding  for  the  time  being  the  latter,  we  are 
clearly  able  to  define  the  worst  that  the  pilot  is  able  to  do 
and  specify  the  factor  by  wliich  the  normal  streses  must  l>c 
multiplied  in  order  to  represent  the  actual  stresses ;  < 
versely,  we  may  specify  arbitrarily  a  factor  of  safety,  and 
we  may  tell  tlie  pilot  jtist  wliat  he  is  permitted  to  do,  arul 
just  what  he  cannot  undertake  without  risk.  Taking  in  tlie 
first  instance  the  assumption  that  the  pilot  is  allowed  to  do 
his  worst ~ he  is  to  be  allowed  to  //•//  to  wreck  his  mtirhuu . 
There  are  two  ways  in  which  he  can  operate  ；  first,  he  can 
drive  his  machine  at  the  liigliest  possible  speed  and  suddenly 
alter  his  elevator  to  tlie  position  con cspondiiig  to  tin*  1''.、'  t 
possible  speed  ；  alternatively,  he  may  take  sharp  turns  in- 
volving heavy  banking.  Now  the  liighest  possible  speed  is  tiie 
limiting  velocity  wliicli  the  machine  will  acquire  falling  head 
first  vertically  ；  this,  with  machines  at  the  present  day  con- 
structed, may  be  estimated  at  about  140  to  150  miles  ； m 
hour.  The  lowest  velocity  in  the  present  sense  is  the  velocity 
at  which  the  aerofoil  is  meeting  the  air  at  its  critical  angle 
(the  lowest  velocity  capable  of  giving  a  pressure  reaction 
equal  to  the  weight)  ；  this  may  be  taken  for  the  purpose  of 
our  argument  as  40  miles  an  hour.  If  when  falling  verti- 
cally at  140  miles  an  hour  the  pilot  with  absolute  suddenness 
jerks  his  elevator  into  the  position  corresponding  to  40  miles 
an  hour,  the  reaction  brought  to  bear  on  his  aerofoil  is 

)  W，  that  is  to  say,  approximately,  12  times  the  weight 

of  the  machine.  In  practice,  for  the  figures  given,  the  maxi- 
mum load  would  be  diminished,  since  the  elevator  cannot  be 
moved  with  absolute  suddenness  :  and,  if  it  were,  tlie  machine 
could  not  answer  the  elevator  and  ； i Iter  its  attitude  to  the 
line  of  flight  immediately.  It  is  probable  on  the  basis  of  the 
figures  given  that  10  W  is  the  maximum  effective  load  that 
could  under  any  circumstances  be  brought  to  bear. 

In  the  case  of  severe  banking,  if  the  machine  be  banked 
to  an  angle  6，  the  resultant  of  the  weight  and  centrifugal  force 
is  the  value  W  sec  $.  I  have  frequently  made  estimates  of 
the  angle  of  banking  ；  when  a  pilot  has  been  making  a  steep 
spiral  dive  the  angle  rarely  exceeds  60°  or  70°.  Taking  70° 
as  the  maximum,  the  stresses  in  the  machine  will  correspond 
to  a  load  equal  to  3  W. 

From  the  foregoing  it  would  appear  almost  certain  that 
in  calm  weather  the  pilot,  if  asked  to  do  his  worst,  cannot 
in  any  manner  reach  or  exceed  ten  times  the  stresses  due  to 
the  static  load.  Let  us  take  what  may  be  considered  an 
extreme  gust.  The  machine  enters  air,  or  is  struck  by  a  gust 
represented  by  a  change  of  velocity  equal  to  half  the  flight 
speed.  Assuming  the  machine  has  time  to  swing  to  its 
appropriate  relative  direction  under  the  -new  conditions,  a 
simple  resolution  of  velocity  shows  that  the  worst  condition  is 
that  in  which  the  direction  of  motion  of  the  gust  is  directly 
opposed  to  that  of  llight  :  in  such  a  case  the  relative  velocity 
of  the  machine  becomes  1 圣 times  normal,  and  the  effective 
load  on  the  aerofoil  will  be  (1^2)  =  2^  times  nonnal.  In  case 
of  the  machine  being  struck  by  a  sudden  gust  or  squall,  the 

load  will  be  considerably  higher, 
but  still  does  not  approach  tlie 
figure  10  obtained  on  the  basis  of 
the  pilot  suddenly  ••  flattening 
out"  when  at  maximum  speed. 

It  is  evident  from  the  fore- 
going that  a  flying  niarhine  in  the 
course  of  its  normal  usage  is 
liable  to  stresses  many  times 
greater  than  that  of  its  nornial 
load,  and  the  frequency  of  these 
stresses,  and  the  total  number 
of  times  they  occur  in  the  life 
of  tlie  machine,  will  be  re- 
lated to  their  niagnitude  l»v 
some  empirical  law  for  any  given  class  of  service  In  surii 
a  case  it  is  evident  that  the  term  "  factor  of  safety  "  does  not 
carry  its  ordinary  meaning;  if,  for  example,  in  tlie  lifetime 
of  a  fleet  of  100  machines  the  stresses  reach  6  times  norm.!  I 
once,  and  5  times  normal,  say,  10  times,  and  4  times  normal, 
say,  150  times,  it  will  be  certainly  sufficient  and  proper  if 
the  designer  work  to  G  times  tlie  liunnal  load  for  his  clastic 
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limit  without  using  any  factor  of  safety  in  the  accepted  sense 
at  all.  To  do  otherwise  would  be  to  burden  the  whole  100 
machines  with  a  weight  of  superfluous  material  without  justi- 
fication. Whether  under  these  conditions  we  continue  to 
employ  the  term  "  factor  of  safety  "  or  not*  the  aeronautical 
designer  must  bear  clearly  in  mind  that  in  his  particular 
case  his  factor  has  a  double  function,  namely,  both  to  give 
the  margin  of  strength  and  durability  needed  under  ordinary 
conditions  of  flight,  and  to  provide  for  abnormal  conditions 
of  stress,  occasionally  even  almost  to  the  theoretical  limit  of 
the  strength  of  the  structure. 

I  n  Memorandum  No.  96  of  the  Advisory  Committee  (not 
yet  included  in  an  annual  report),  the  matter  is  fully  con- 
sidered, and  the  extreme  probable  values  are  estimated  as 
follows : — 

Nature  of  Computed  Dynainic 

Contingency.  Load  Factor. 

Gusts   …  4-0 

Banking   1'4 

Flattening  out    8*0 

Looping 十   4  to  5 

In  the  report  in  question |  the  recommendation  is  made 
that  a  factor  N  be  adopted  in  design  not  less  than  5  or  6，  this 
being  considered  sufficient  to  take  care  of  anything  likely  to 
happen  to  a  machine  with  reasonable  and  proper  pilotage. 
Tests  and  calculations  of  the  wing  spars  of  different  existing 
machines  gave  the  following  results : ~ 


Type 


A 
B 
C 
D 
E 
F 
G 


How  Determined. 


By  experiment. 

By  experiment. 

By  calculation. 

By  calculation. 

By  calculation. 

By  expcrinu'iit. 

By  calculatmn. 


The  Royal  Aircraft  Factory  have  adopted  a  factor  some- 
what greater  tlian  that  recommended  in  the  memorandum  in 
question  ；  a  machine  (G  in  above  table),  of  which  the  aerofoil 
was  tested  to  destruction,  actually  recorded  8*4. 

In  connection  with  the  subject  of  aerofoil  structure  it  is 
to  be  observed  that  the  stress  distribution  varies  considerably 
under  different  conditions,  namely,  at  different  angles  of 
attack.  Referring  to  Fig.  15  it  will  be  noted  that  the  aerofoil 
structure  commonly  includes  two  longitudinal  members,  front 
and  rear,  respectively,  and  the  proportions  of  the  load  borne 
by  each  depends  upon  the  position  of  the  centre  of  pressure 
and  varies  with  its  displacement,  which  can  only  be  ascer- 
tained from  experiments  on  a  scale  model  of  the  aerofoil 
itself.  This  fact  needs  consideration  when  computing  the 
maximum  stresses  on  the  members  in  question  and  the  aero- 
foil structure  as  a  whole.  § 

The  calculation  of  the  aerofoil  structure  not  only  comprises 
the  resolution  of  the  main  lifting-force  distribution,  as 
already  discussed,  but  also  entails  the  calculation  of  the 
longitudinal  stresses  due  to  line-of- flight,  or  "  drift  "  forces. 
These  may  be  quite  moderate  under  normal  flight  conditions, 
but  may  become  far  more  severe  at  abnormally  high  speeds. 
The  treatment  of  this  problem  does  not  offer  any  serious 
difficulty  ；  it  is  to-day  generally  considered  the  best  practice 
to  provide  for  the  edgewise  strength  of  the  wing  by  it's  own 
internal  diagonal  bracing. 

(To  be  continued.) 

*This  point  may  perhaps  be  emphasized  by  the  use  of  some  qualified 
expression  such  as  dynamic  load  factor. 

t  Estimated  by  me;  not  in  original  report.    The  basis  of  this  estimate 
js  the  phugoid  chart,  Fig.  1，  the  dynamic  load  factor  is  given  by  1" 
height  H  in  terms  of  Hn,  or  in  the  case  of  looped  paths  numbered  8  to 


12 


the  value  of  ^    varies  from  3*6  to  5-5. 

X  If  this  factor  N  cannot  with  propriety  be  termed  a  factor  of  safety, 
I  suggest  the  term  factor  of  contingency,  i.e.,  the  factor  of  ronlingenciy 
requires  to  be  the  equal  of  greater  than  the  dynamic  load  faotor  for 
which  it  makes  provision. 

^  Reference  should  be  made  to  the  Report  96  cited. 


TELEGRAPHIC  RESEARCH. 

The  report  of  the  Committee  appointed  by  the  Postmaster- 
General  to  consider  and  report  how  far  and  by  what  methods 
the  State  should  make  provision  for  research  work  in  the 
science  of  wireless  telegraphy,  has  just  been  issued  in  the 
form  of  a  Parliamentary  White  Paper.  The  Committee  state, 
after  careful  consideration,  they  recommend  the  adoption  of 
the  following  scheme :  The  Government  should  appoint  a 
National  Committee  for  Telegraphic  Research,  whose  duty  it 
will  be  to  promote  generally,  in  the  public  interest,  both  by 
theoretical  investigation  and  by  experiment,  the  progress  of 
scientific  telegraphy  and  telephony,  and  to  co-ordinate  and 
supplement  the  work  now  being  done  in  Government  depart- 
ments interested  in  such  progress.  The  Government  should 
establish  a  National  Research  Laboratory,  with  a  special 
scientific  staff,  to  undertake,  under  the  direction  of  the  Com- 
mittee, telegraphic  investigation,  the  result  of  which  should 
be  available  for  all  departments  of  the  public  service,  and 
to  co-operate  with  these  departments  in  dealing  with  the 
scientific  aspects  of  practical  problems  arising  out  of  service 
conditions.  This  laboratory  should  be  established  at 
Teddington  in  co-operation  with  the  National  Physical 
Laboratory. 

The  National  Committee,  it  is  recommended,  should  con- 
sist of  two  members  representing  the  Admiralty,  one  repre- 
senting the  War  Office,  two  the  Post  Office,  two  directly 
appointed  by  the  Treasury,  three  appointed  by  the  Treasury  on 
the  nomination  of  the  Royal  Society,  one  appointed  by  the 
Treasury  on  the  nomination  of  the  Institute  of  Electrical 
Engineers,  and  the  Director  of  the  National  Physical 
Laboratory.  The  two  members  appointed  directly  by  the 
Treasury  should  not  be  departmental  officials,  the  depart- 
ments being  sufficiently  represented  on  the  Committee  in 
other  ways.  It  is  also  recommended  that  no  member  of  the 
Committee  should  give  advice  connected  with  telegraphy  or 
telephony  to  any  commercial  firm  on  any  matter  connected 
with  the  work  of  the  Committee,  except  with  the  consent 
of  the  Committee,  and,  in  any  doubtful  case,  such  consent 
should  not  be  given  without  the  approval  of  the  department 
concerned.  The  Committee  should  issue  an  annual  report 
to  be  laid  before  Parliament,  and  they  should  publish,  or 
authorise  the  publication  of,  such  researches  as  they  may 
consider  useful  for  the  advancement  of  science  generally, 
and'  which  are  not  of  a  confidential  nature.  The  Committee 
should  have  power  in  its  discretion  to  organise  or  co-operate 
in  international  scientific  investigations  bearing  on  tele- 
graphy. With  regard  to  the  National  Research  Laboratory 
at  Teddington,  the  work  should  be  limited  to  research  and 
experimental  investigations  under  the  direction  of  the 
director,  who  would  receive  liis  instructions  from  the 
National  Committee.  The  probable  total  annual  expendi- 
ture entailed  by  the  adoption  of  the  scheme  would  be  £4,800. 
The  Committee  attach  so  much  importance  to  the  urgency  of 
research  work  that  they  recommend  an  immediate  vote  of 
£4,000  in  the  present  year.  The  new  scheme,  they  state,  has 
been  considered  and  approved  by  Lord  Rayleigh,  Sir  Oliver 
Lodge,  and  the  Secretary  of  the  Royal  Society. 

Serious  Gas  Explosion  on  a  Battle-ship.  ― An  explosion  of  coal 
gas  occurred  in  one  of  the  coal  bunkers  aboard  the  battle-ship 
" Bellerophon  "  at  Cromarty  on  Friday,  the  5th  inst.,  result- 
ing in  four  of  the  stokers  being  badly  burned. 

A  Disastrous  Marine  Boiler  Explosion. ― According  to  the 
" Engineering  News,"  the  boiler  explosion  on  the  Old 
Dominion  steamer  "  Jefferson  "  off  Cape  Henry  on  tlie  night 
of  May  11  th  resulted  in  the  death  of  10  men.  Inspection  of 
the  boiler  after  the  accident  indicated  that  low  water  was 
the  cause.  The  furnace  crown  had  sagged  and  the  upper 
right-hand  portion  of  the  tube  sheet  was  blown  entirely  away 
from  12  tubes.  The  ends  of  the  stay  tubes  were  in  good 
condition.  The  one  from  which  the  sheet  blew  entirely  away 
was  not  distorted  and  the  hole  in  the  sheet  was  perfect,  except 
that  it  was  enlarged  just  enough  to  allow  the  pressure 
(1901bs.  normally)  to  force  it  over  the  beaded  tube  ends.  The 
ashes  were  being  removed  at  the  time  of  the  accident  and  on 
this  ship  the  pressure  usually  dropped  301bs.  when  this  work 
was  being  done. 


Junk  12，  1914]  TIIK    MKCHANICAL  HNGIKiavR. 


INDUSTRIAL  AND  TRADE  NOTES. 

Shipbuilding  on  the  Clyde.— Dnrin<;-  tlir  mont  !i  ',1'  .M ;iy  z」7  v。ss<'ls、 
abrogating  40,012  tons,  were  la"ndi('(l  mi  the  Clyde.  As  coin 
pared  with  the  samo  month  in  the  three  preceding  .v^ars  tli,'、,' 
figures  cannot  be  termed  satisfactory-  I >i  ia('t，  they 
lowest  lor  May  siitc,'  1"(H'，  and  only  fiv"  limes  in  "10  |):isL  二' U  v。：ir、 
liavc  t,li。  ivlimis  Ixhmi  lower.  Taking  the  output  "f  lust  live 
motitlis  of  this  year,  a  d(、（'r(s，sc  of  t^xactly  100,000  tons  is  sliou  n 
as  compared  with  tl"、  cofi-ospondin^  period  o「  As  iv;_'::inl、 

new  contracts,  very  f('、、'  have  Ijimmi  booked,  and  the  outlook  is  fa r 
Irom  promising. 

The  Granting  of  Patents  in  Brazil. ― To  conl'orni  with  tli<*  BiMzilijin 
1*；)  lout  law  it  is  noc-ossary  to  supply  tlu^  "  Dircctoria.  (Jcr;i  I 
! ndustriji  e  Commercio  da  Secret ari;i  (1。  Kstadn  dos  Nc^ocios  (l;， 
A^ricultura,  Indtistria  ('  Commercio,"  Hio  山' -J anciro,  with 
doctiiiKMits  to  prove1  tl"1  actual  working  in  Hra/,il  oi  indnst  ri;i  I 
inv^'titioiis  for  which  pri 、- il(ws  have  been  givrii  hy  p;i leu  1  s 
granted  from  1898  to  1911.  Tlio  latest  <l;itii  n  b  wliich  srcli  dncii 
ments  、、- ill  1"、  iv('i'"、、（l  is  Or" 山 t'r  lM  st.  1 1  tliw  pi'ooi's  are  not 
iurnisIiiHl  Ity  t:l"、  date  imMitioned  tlie  patent  will  in1 山' （'l;in'<l  null 
；«  ml  void,  in  ;icc;)!'(lniic-  、、  it.li  tlic  law  、vhidi  iu^iiImLcs  the  granting 
of  patents. 

Coalite. —— T\\o  slia rt^lioldtM's  of  tl"'  15ritis]i  ('mint''  Coinjia ny,  who 
consented  to  a  ivtlnction  of  tlicir  capital  last  autiinni,  ； i re  now 
asked  to  take  up  an  issue  of  50,0(K)  (i  i"、r  ot-iit.  ])artici|»;it in^; 
pivFt'i'ence  shares  of  £1  each  at  par  in  t\\r  Hai-nslcy  Siimkt 小' ss 
Fuol  Company,  win  oh  has  Ixhmi  for  mod  to  run  a  smokeless  I'ucl 
plant  at  the  Old  Silkstono  (，olli('rit>s，  near  lia i  nslcv,  under  the 
patents  and  processes  of  the  British  Coalite  Company.  This  plant 
will  only  l)t、  capable  of  treating  200  tons  of  ooal  per  day,  but  the 
(lircctors  of  tl"、  Coalite  Company  point  out  tliat  tiu'.v  have  now 
under  consideration  offers  from  several  colliery  companies  and 
other  concerns  for  the  erection  of  coalite  installations. 

Trade  Openings  in  Mexico. ―  Mr.  G.  E.  S.  Watson,  British  Vice- 
Con  sul  at  Mazatlan,  Mexico,  in  his  annual  report,  just  issued, 
states  that  he  has  been  inforniod  hy  tli(、  mana^or  of  one  of  the 
largest  importing  houses  in  this  district,  who  spent  some  y*1;! is 
in  Sheffield,  that  British  steel,  tinplate,  galvanisjed  and  corrugated 
iron,  tools,  and  files  should  bo  able  to  meet  all  competition  here  ； 
it  is  only  within  the  last  three  years  that  the  United  Kingdom 
has  been  superseded  in  these  lines.  There  should  also  be  openings 
for  mining  machinery  and  crucibles,  gas  engines ,  and  pumps  for 
irrigation  and  other  purposes.  It  would  appear  that  one  of  the 
disadvantages  in  dealing  with  British  firms  is  that  merchants 
must  eitlier  deal  with  agents  or  send  cash,  whereas  United  States 
firins  ^appai'ontly  more  cognisant  of  Mexican  Imsiness  customs) 
give  terms  direct  and  a  special  discount  for  cash. 

Oil  Resources  of  Peru. —-  Afcording  to  the  American  Consul- General 
at  Callao,  there  are  four  leading  oilfields  in  Peru.  The  Negritos 
or  T  alar  a  field  lies  on  the  coast,  about  40  miles  nortli-Avest  of 
Paita,  which  is  the  port  for  the  Department  of  Piura.  Some 
25  miles  inland  from  Negritos,  the  centre  of  boring  operations  on 
the  ocean  side,  is  La  Brea,  where  a  black  and  very  viscid  stuff 
like  asphalte  is  found.  The  Zorritos  field  lies  about  25  miles  south 
of  Tumbes  in  the  extreme  northern  part  of  Peru,  also  on  the 
ocean.  The  quality  of  the  Zorritos  petroleum  and  its  by-products 
is  excellent.  The  Lobitos  field  is  situated  in  the  Department  oi' 
Piura.  The  fourth  most  important  field  is  that  in  the  De]);irt 
ment  of  Puno,  near  Huancane.  Petroleum  is  also  found  in  the 
districts  of  Pirin,  Cliinibote,  Jauja,  Huancavelica,  and  lea  Tn 
fact ,  it  seems  to  extend  through  the  entire  mineral  belt  of  Peru, 
at  intervals,  from  Tumbes  in  the  north  to  Lake  Titicaca  on  tht1 
Bolivian  frontier  in  the  south.  The  Peruvian  wells  along  tin- 
coast  run  from  out  in  the  sea  to  many  miles  inland,  varying  in 
depth  from  250ft.  to  3,048ft.  The  total  production  for  191'()  was: 
Crude  oil,  175,000  tons ；  kerosene,  1，050，000  galls.  ；  gasoline  an<  1 
benzine,  155,000  galls. 

Machine-tool  Contracts. ^  The  Machine  Tool  and  Kngiiiw  ing 
Association,  Ltd.，  has  formulated  revised  conditions  ot  teiulrr  loi- 
the  benefit  of  its  members.     The  more  important  of  these  are  : 

(1)  Prices  are  quoted  for  acceptance  within  30  days,  subject  to 
purchasers'  credit  being  approved.  Prices  given  for  machines  in 
stock  are  subject  to  same  being  unsold  \vhen  order  is  received. 

(2)  Photographs  and  other  illustrations  or  advortisinti;  matter 
represent  generally  the  goods  offered,  but  are  not  bindiii".  i n 
details,  as  improvements  are  constantly  being  made  in  (lesion - 

(3)  All  weights,  measurements,  and  powers  given  in  estiinatt's 
are  stated  as  correctly  as  possible,  and  any  slight  (lt、vi:" i(,ns  shall 
not  be  taken  to  vitiate  the  contract,  or  form  grounds  for  any 
claim  against  us.  (4)  The  time  for  delivery  shall  bt>  reckoned 
from  the  date  of  receipt  by  us  of  complete  instructions,  approval 
of  drawings,  &c,  necessary    for    the    execution    of    the  work. 


I'll  less  ； i  u  ri  Ltcn  ^iiaraiii<'<»  specifying  tlio  liquidiitcd  <l;un:iu''、 
lias  been  given  l>y  us,  no  liability  \vliatso«'V<T  for  inahility  to 
doliver  to  time  will  accept d  \ty  us,  w  ln-tln  r  on  ;"  "'，mt  of 
(liicct  or  cons('<|U<'iitial  damages.  (Surh  ^iiaranto*;  slionhl  - 
t ;i i n  provisions  to  provide  that  tlio  p'.'ialt.v  slionlri  not  he  i*aid  if 
<li'l;i.v  is  (liie  to  strikes,  lock  outs,  civil  coiiimrjtioii ,  war,  file  :"  t 
of  God.)  (•">)  All  ^oods  are  supplicl  and  ^iiaiiiiitiM-i]  against 
defective  workmanship  and  material  ior  a  p«*riod  (A  six  ！ nontlis 
iroi'i  (lat(、  of  invoice,  and  pa  its  u  hicli  proved  to  b"  (lHWtivo 
will  I"'  ifpliH-cd,  t  sh;ill  not  form  tlic  subject  oi'  a  chiiin  ior 
liil)on  i-  or  otlicr  ('xpendit  nre  m;i(l"  upon  them,  nor  shall  w  l"» 
lor  any  (liivct  av  (mi.s,'qm'ntial  daman's  a  rising  tlw-icl  roin . 
(6)  Unless  ()tl"、r、vis:»  provided  lor  l,v  tliis  tciulcr,  it  is  a  rondition 
that  we  aro  not  lial)l(、  for  any  damage  or  loss,  cithr-r  "，ii、'  qi"'iiti;il 
or  (lii(>rt，  that  may  a  rise  at'tor  the  goods  have  left  our  i'iviiii、'、. 

Mineral  Oil  Industry  of  the  Caucasus  —  A  l,v  MM.  (',ii、'il  ； 1 1 

Tin  to  um  (Mr.  I).  Stevens)  on  tho  trade  of  that  disti  ict  in 
states  that,  owing  to  tho  large  falling  off  in  tlio  oiitpiit  of  tho 
Hii ku,  Cliclokcn,  mih)  Maikop  oilfields,  U"'  piodiiction  ni'  pctro- 
1,'iim  in  the  Caucasus  in  1913  show  «■<!  ； i 小'" 、.w  oi  2  \  ]  ,.*iH~  tons 
as  com  pa  reel  with  tho  previous  year.  Tlic  <l"liii<-  is  attril'ii"'(l 
principally  to  tho  strikes  at,  and  the  exliaustion  of,  the  u ells  in 
the  Baku  area.  The  number  of  feet  drilled  in  1913  was  210,02.">, 
against  192,42:5  in  1912.  According  to  a  review  of  the  potrol'-'im 
industry  in  1913，  puljlished  l>y  the  Baku  I'<4'(»l,'um  八、、 i;i"',m. 
the  following  changes  took  place  in  the  production  of  ctikIc  oil 
during  the  year  as  compared  with  tlic  figures  oi  1912.  J  n  (»rd.-r 
to  show  the  leading  position  Russia  held  in  the  oil  industry  ot 
tho  u orhl  in  1901  the  figures  of  the  production  of  that  yea r  ；' iv 
also  given  ；  of  course  they  are  only  approximate,  hut  in  view  ot 
tho  enormous  importance  which  oil  has  a&snnied  within  com- 
paratively recent  years,  they  are  of  some  interest  ： ― 


Country. 

1901. 

1912. 

1913. 

Tons. 

Tons. 

Tons. 

United  States   

8,951  ,(MM» 

29，l"l, 画 

31,984,000 

10^>84,00<) 

(歸 

Mexico   

2,4.")(),0(IO 

2,908,000 

Roumania   

226,000 

1,774,000 

1,839,004) 

Dutch  East  Indies   

613,000 

1,452,000 

] .*'";>• '議 

Austria- Hungary  

451,000 

1.177， 瞧 

l,01(i, 麵 

484,000 

1,700,000 

1,919,000 

.  Total   

o 

i-H 

CI 

47,047,000 

50,484,000 

According  to  these  figures,  the  world's  production  advanced 
in  1913  over  1912  by  about  7*4  per  cent.,  whereas  Russian  pro- 
duction decreased  by  about  2*3  per  cent. 

The  Panama- Pacific  International  Exposition  at  San  Francisco. ― The 
Palace  of  Machinery  of  the  Panama-Pacific  [nternationai 卜: xposi 
tion  is  now  completed,  and  the  whole  of  the  space,  coveriiig  an 
area  of  369,600  sq.  ft.,  allotted.  The  exhibits  will,  it  ib  claimed, 
comprise  the  finest  collection  of  electrical  and  machinery  exhibits 
ever  assembled  i wider  one  roof,  and  tho  exhibitors  are  co-operating 
with  the  Department  of  Machinery  in  associating  their  t'xlul'"、 
with  others  so  as  to  permit  of  complete  operation  and  demon- 
stration of  the  working  of  the  various  machines  and  elec- 
trical exhibits.  On  April  1st  preliminary  work  was  started  on 
the  installation  of  the  first  exhibit,  a  500  h.p.  marine  Diesel 
engine,  by  the  Busch-Sulzer  Bros.  Diesel  Engine  Company.  Tlio 
latest  and  most  modern-approved  methods  of  illumination  will  lie 
displayed  in  connection  with  the  exhibits  in  the  Palace  of  Machi- 
nery, and  will  be  of  interest  to  the  layman  as  well  as  to  tho  student. 
One  phase  will  be  especially  interesting ― the  isolated  electric  house- 
lighting  systems  for  farm  use  compared  with  the  most  complicated 
systems  in  use  for  city  lighting.  The  testing  of  high-potential 
insulators  and  transformers  will  be  made  possible  l>y  the  arrange- 
ments which  have  been  made  with  the  largest  manufacturers  of 
high- voltage  testing  apparatus,  and  many  spectacular  effects 
have  been  prepared  by  the  use  of  such  instruments.  A  tcature 
of  the  Palace  of  Machinery  will  be  the  methods  employed  for  the 
convenience  of  the  visitors.  A  lmmljer  of  plans  are  now  bein^ 
tested  to  ensure  engineers  and  students  the  opportunity  to  inako 
a  careful  examination  of  each  exhibit  in  privacy  and  conUOrt - 
Reception  spaces  will  be  provided  in  coiuitH'tion  with  each  exliihit 
and  equipped  with  suitable  fixtures  which  will  enable  technical 
visitors  to  prepare  notes  on  the  various  features.  All  of  the 
working  exhibits ― and  it  is  now  certain  that  a  large  percentage 
will  be  in  actual  operation 一 will  be  equipped  with  the 
il  safety-first M  devices,  and  these  guards  will  form  one  of  tho 
most  interesting  exhibits  to  the  engineer  and  manufacturer. 
The  gates  of  the  Exposition  will  open  on  February  20th,  and 
w  ill  close  on  Decei"ln、r  4th,  191o.  Nine  of  tlie  11  primipal  exhibit 
buildings  are  now  complete,  and  tho  othors  will  shortly  ho  lii"、li，''l. 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  Wd.  Address 
" Mechanical  Engineer^3  53,  New  Bailey  Street,  Manchester. 

MECHANICAL  1913. 

Joints  and  couplings  for  pipes  and  tubes.    Calthrop  &  Cliui'f'hill. 
3930. 

Manufacture  of  zinc.    Ferrere.  3965. 
Treatment  of  iron.    Dismore.  4292. 

Process  for  the  production  of  cast  iron.    Gregory.  6530. 
Carburetters  for  internal-combustion  engines.    Brown,  and  Brown 

mid  Bar  low ,  Ltd.  8838. 
Centrifugal  pumps.    Siemens^Schuckertwerke  Ges.  9354. 
Induction  pipes  of  internal-combustion  engines.     Betteley  and 

Baker.  9802. 
Anti-friction  metals.    Billington.  11138. 
Two-cycle  internal-combustion  engines.    Junkers.  11378. 
Boiler  tube  cleaners.    Lumb.  11389. 
Piston  packing.    Allen.  11480. 

Regulation  of  lifts  and  elevators.    Tessieri.  11533. 

Machines  for  use  in  mining  coal.    Mavor  &  Coulson,  Ltd.,  and 

Mavor.  11554. 
T u t o r n a  1-comh u stion  engines.    Kilgore.  115(35. 

(:r;"h'(l  service  automatic  or    semi-automatic    telephone  system. 
Baron.  11590. 

； Peed-water  regulators  for  steam  boilers.    Hough.  11694. 
Cooling  the  pistons  of  internal-combustion  engines.  Burn.  11719. 
Steam  superheaters  and  generators.    Cruse.  11813. 
Cooling  of  the  pistons  of  internal-combustion  engines.    Boys  and 
Stinson.  11826. 

、V<  k  ring  or  bush  for  piston  and  valve  rods.    AVigham  &  Johnson. 
11868. 

C'hange-speed  gear.    Puschtschin.  12099. 

Screw  or  rotary  pumps.    Marks.  12101. 

Megass  furnaces.    Stirling  Boiler  Company.  12141. 

Speed  indicating  and  recording  devices.    Marker.  12251. 

Means  for  indicating  the  quantity  of  fluid  flowing  tlirou^h  a  pipe. 

Hodgson.  12255. 
C'arlmretters  for  internal-combustion  engines.    Huguelet.  12344. 
Conveyers  or  screens  for  coal.    Berrisford.  12419. 
Valves.    Muntz.  12445. 

Process  for  making  punches  of  steel.    Stamm.  13217. 
Manufacture  of  metallic  articles,  such  as  gun-barrels  and  turbine- 
blades.    Pasel.    13414  and  13415. 
I.athe  carrier.    Death.  13699. 

Valve-spring  lifters  for  poppet  valves.    Howe.  14339. 

Steam  boiler  furnaces.    Ramsbottom.  14439. 

Carburetters  for  internal-combustion  engines.    Lelarge.  14687. 

Appliances  for  automatically  stopping  trains.    Green.  14735. 

Pumps  for  use  with  internal-combustion  engines.   Renee.  14859. 

Controlling  devices  suitable  for   the  cylinders  of  locomotives. 

Stenning  &  Schmidt's  Superheating  Company.  16623. 
Guarding  of  revolving  shafts  and  pulleys.    Jones'  Sewing  Machine 

Company  and  Hall.  17044. 
Variable-speed  friction  gearing.    Cowey.  17117. 
Gas  analysis  apparatus.    Taplay  &  Abad.v.  17676. 
Milling  machines.    John  Holroyd  &  Co.,  and  Gartside.  17749. 
Variable-speed  and  reversing  gearing.    Haines.  18083. 
Purifying  steel.    Humbert.  18856. 
Chucks.    Miller.  19240. 

Universal  self-centring  jig.    Hatton.  19393. 

Process  and  method  of  superheating  steam.    Geo,o;he^;an.  20374. 

Internal  gauges.    Sandoz-Moritz.  21009. 

Turret  lathes.    Herbert  &  Vernon.  21637. 

Steam  turbines.    Mensforth.  22148. 

Circular  saw  blades  for  cutting  metals  cold.    Roconr.  22929. 
Vacuum  brake  apparatus.    Luard.  24067. 

Torrlies  for  welding  and  cutting  with  gaseous  fuel.  James.  24238. 
Turlnnes.    Knonrek.  24489. 

V a  1  ve-m ech an i sm  for  internal-combustion  engines.     Sanchez  and 

Baraclat.  24568. 
Railway  signalling  apparatus.    Kehrhahn.  24579. 
Safety  signalling  and  controlling  devices  for  railways.  Cooper. 

25851. 

Automatic  railway  safety  devices.    Ringbom  &  Von  Willebrand. 
26385. 

Devices  for  notching  metal  bars  of  angle,  tee,  and  like  shape. 

Taylor  &  Taylor.  26596. 
Two-stroke-cycle  internal-combustion   engines.  Mnschinenfabrik 

Augsbnrg-Nurnberg  Akt.-Ges.  27232. 
Two-stroke  internal- combustion  enginos.    Every-Clayton.  28116. 
Hushes  for  wheels  and  pulleys.    Garside.  28937. 
Coke  ovens.    Schuster.  29494. 
Metal  furnace.  Hall.  29525. 
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Flexible  couplings.    Francke.  185. 

R ovulating  supoi-heat  in  connection  with  steam  genpi ators,  Bali- 
cock  &  "Wilcox,  Ltd.,  and  ]{o.senthal.  211. 
Water  gauges.    Labay.  215. 
Clutch  devices.    Milham.  368. 

Core-drawing  mechanism  for  use  in  the  casting  of  metals.  Ferman 

and  Ferman  &  Co.  1416. 
Boiler-feecl  valves.    Crawford.  1730. 

Tool  for  withdrawing  or  extracting  tubes.    Crockatt.  1830. 
Controlling  of  electric  motors   for   ship   propulsion    and  menus 

therefor.    Siemens-Schuckertwerke  Ges.  and  Hulss.  4:308 
Automatic  coupling  for  railway  cars.    Liedtkc.  4420. 
Valve-mechanism  for  internal-combustion  engines.    Reno  &  liois. 

4863. 

Tool  chucks  or  sockets.    Electric  and  Ordnance  Accessories  Com- 
pany and  Ellis.  5648. 
Expansion  joints  for  piping.    Wagner.  6094. 
Steam  superheater  systems.    English,  Han  nan,  &  Mills.  0000. 
Packed  joints  for  pipes  and  tubes.   Fried.  Krupp  Akt.-Ges.  0780. 

ELECTRICAL,  1913. 

Incandescent  body  for  electric  glow  lamps.    Just.  8056. 
Commutators  for  dynamos.    Zenk.  1188G. 

Automatic  or  semi-automatic  graded  service  telpplione  system . 
Baron.  11888. 

Telephone  systems.    Automatic  Telephone  Mfg.  Co.  11998. 
Coil  for  electrical  purposes.    Wade.  12168. 

Storage  battery.     Rankin,  and  Electrical  Power  Stora^p  Com- 
pany. 12527. 
Electric  switches.    Meiklejohn.  13588. 
Electrical  elements  for  cooking  purposes.   Vernier.  13989. 
Electric  switches.    Turner.  14112. 

Protective  devices  for  electric  distribution  systems.  British 
Thomson-Houston  Company.  15550. 

Regulating  systems  of  electrical  distribution.  British  Thomson- 
Houston  Company.  16054. 

Boxes  for  electrical  contacts.    Bonham.  19085. 

Arc  light  carbons.    Ayrton.  22319. 

Electric  motor-driven  vehicles.    Von  Kando.    25834 . 

Automatic  regulating  devices  for  dynamos.  Robert  Bosrh.  26006. 

Electric  switches.    Davidson.    29821 . 

1914- 

Electrical  condensers  of  the  ring  type.  Hartmann  &  Br«TU n  Akt  - 
Ges.  4215. 

Eleotrio  switch.   Von  Hntschler  &  Ordon.  7562. 


METAL  QUOTATIONS. 

TUESDAY,  JUNE  0th. 

Aluminium  ingot   86/-  per  cwt. 

，，        wire,  according  to  sizes,  &c  from  107/4  " 

"        sheets        ，，  ，，   112/-  ，， 

Antimony  £27/-/-  to  £28/-/-  per  ton. 

Brass,  rolled   7|d.  per  lb. 

，， tubes  (brazed)    9|d.  ，， 

，，       ，，    (solid  drawn)   7Jd.  ，， 

"       ，， wire   7jd.  " 

Copper,  Standard   £61/15/-  per  ton. 

I ron ,  Cleveland   51/3  ，， 

，， Scotch   57/3  ，， 

Lead,  English    £19/10/- ，， 

,, Foreign  (soft)   £19/10/- ，， 

Mica  (in  original  cases),  small    fid.  to  3/-  per  lb. 

，，  ，，  ，，       medium    3/6  to  6/—  ，， 

，，  ，，  ，，       large    7/6  to  11/- ，， 

Quicksilver    £7/-/-  per  bottle. 

Silver   25^|d.  per  oz. 

Spelter    £21/7/6  per  ton. 

Tin,  block   £130/-/-  per  ton. 

Tin  plates,  I.C   12/3  per  box. 

Zinc  sheets  (Silesian)    £24/10/-  per  ton. 

，，         (Stettin  ；  Vieille  Montague)   £24/12/6  ，， 


-Mr,  J.  F.  M'Intosh,  M.V.O.,  who  has  retired  from 
the  position  of  locomotive,  carriage,  and  wagon  superintendent 
of  the  Caledonian  Railway  Company,  was  on  the  28th  nit.  pre- 
sented by  the  staff  in  the  locomotive  department  with  a  silver 
tray  and  set  of  bowls  and  flower-vases  in  appreciation  of  his 
having  completed  52  years'  service  with  the  railway  company, 
and  of  the  -  high  position  which  he  has  attained  in  the  railway 
Mr.  W.  Pickersgill  succeeds  Mr.  M' In  tosh. 
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FLEXIBLE 


METALLIC  TUBING 


Write 
for 


On 
Admiralty 

and 
War  Office 
Lists. 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,   Highest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c. 


(i) 


112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown. 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 
Now  a  smile  he's  always  wearing,  he's  found  "NONLEAK"  will  stand. 


WHY  NOT  WEAR  A  SMILE P 

NflNL EAK  Jointing 

llUHLtMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE  I 


FREE  FROM  LEAD! 

IMPROVES  WITH  AGE ! 


TESTING  SAMPLES. 


WILL  NEVER  BLOW  OUT,  BOALE,  OH  ROT. 

Leeds  Road, 


J.  E.  TURNER  &  CO.,  Ltd.,  S。'e  Makers.  br^dfSrD,  Yorks 

The  Practical  Metallography 
of  Iron  and  Steel. 

By  JOHN  S.  G.  PRIMROSE,  a.r.t.c.  a.i.m.m  .m.i.m. 

Lecturer  on  Metallurgy,  and  demonstrator  on  Metallography  at  ihe 
Royal  Technical  College,  Glasgow. 

Price   3s.  3d.  Post  Free. 
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Institution  of  Mechanical  Engineers. 

Following  their  departure  from  custom  initiated  by  the 
reading  of  Prof.  Ripper's  paper  at  Manchester  in  November 
last,  and  influenced  doubtless  by  the  criticisms  evoked  bv  the 
informal  meeting  of  local  members  called  by  the  Council  at 
the  same  time,  the  Institution  of  Mcclwniiral  Kn^ineers  liavc 
taken  a  new  step  with  regard  to  the  issue  of  their  proceedings, 
and  intimated  their  intention  to  adopt  certain  changes  which 
should  do  much  to  meet  the  criticisms  which  have  been 
levelled,  and  to  which  we  gave  some  reflection  at  the  time 
(•s-ee  Mechanical  Enf/i/ucr^  November  28th,  p.  497，  Vol. 
XXXII  ).  It  will  be  remembered  that  we  strongly  urged  a 
policy  of  devolution  in  order  to  maintain  touch  between  the 
parent  society  in  London  and  the  virile  local  centres  of 
niechanical  engineering  which  have  sprung  into  existence, 
particularly  in  the  northern  parts  of  the  coinitrv,  during  the 
last  quarter  of  a  century,  and  this  course  we  note  the  In- 
stitution propose  to  pursue,  by  making  arrangeiiHMits 
whereby  papers  read  in  London  may  be  siiiiult;uu ou>Iv 
read  in  any  other  centre  where  members  desire.  To  (、m  、 
out  this  arrangement  it  is  proposed  to  appoint  a  member  of 
the  Council ― which  includes  representatives  of  various  engi- 
neering centres  in  the  country ― to  undertake,  in  conjunction 
with  a  local  correspondent,  the  duties  pertaining  to  the  read- 
ing of  papers  and  the  conducting  of  discussions  in  liis  par- 
ticular district,  and  subsequently  to  transmit  the  accounts  of 
the  local  proceedings  to  the  secretary  of  tlie  Institution  for 
inclusion  in  the  transactions  or  in  the  new  journal  of  tlie 
Institution,  which  is  another  feature  of  change,  and  whicli, 
members  will  be  aware,  made  its  first  appearance  during  the 
past  week.  This  arrangement,  if  infused  with  vitality,  should 
materially  promote  the  activity  and  influence  of  the  Institu- 
tion in  northern  centres,  and    dissipate  the   coniplaiuts  to 
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which  rather  strong  expressions  were  given  at  the  Manchester 
meeting.  The  new  journal  will  also  help  to  a  more  intimate 
and  up-to-date  touch  between  the  head-quarters  and  local 
centres.  It  is  intended  to  issue  this  eight  times  a  year,  and 
as  far  as  the  current  year  is  concerned,  the  "  Journal  "  will 
be  supplementary  to  the  proceedings,  though  next  year  the 
somewhat  spasmodic  and  belated  publications  of  the  latter 
will  be  replaced  entirely  by  the  more  frequent  and  regular 
issue  of  the  (' Journal/'  the  general  scope  of  which  is  indicated 
by  the  number  just  published.  Apart  from  the  reproduction 
of  the  paper  on  the  electric  driving  of  rolling  mills,  which  has 
been  read,  it  includes  a  precis  of  each  of  the  papers  to  be  read 
at  Paris  next  month,  and  thus  tends  to  stimulate  in  advance 
interest  in  the  proceedings,  and  in  all  probability  attendance 
at  that  meeting.  At  all  events  it  enables  members  to  form 
some  idea  as  to  the  quality  of  the  mental  food  which  will  be 
provided  and  whether  a  more  intimate  participation  in  it  is 
likely  to  be  advantageous.  We  compliment  the  Institution 
on  the  readiness  they  have  displayed  in  considering  the 
various  suggestions  that  have  been  put  before  them  with  a 
view  to  improve  the  sphere  of  its  activities,  and  trust  that  all 
members  will  do  their  best  to  second  the  efforts  of  the  Council. 


Foundry  Regulations. 

As  an  outcome  of  a  special  enquiry  instituted  by  the  Home 
Office,  and  of  a  subsequent  joint  discussion  between  em- 
ployers and  workmen,  a  number  of  special  regulations  will  in 
future  be  applied  by  the  Home  Office  to  foundry  operations 
with  a  view  to  diminish  the  abnormal  accident  rate  from  burns 
and  lifting  tackle  that  has  hitherto  prevailed.  The  causes 
are  well  known  to  those  who  have  experience  of  foundry 
work,  and  were  set  forth  in  our  issue  of  February  13th  last 
('化 e  p.  137  ante).  The  accidents  from  burns  are  no  doubt 
largely  due  to  defective  gangways  and  inadequate  spaces 
between  moulding  boxes,  along  which  shanks  and  ladles  have 
to  be  carried  by  "workmen  during  casting  operations,  and 
could  doubtless  be  greatly  diminished  by  the  wearing  of  some 
suitable  protecting  footgear.  This  was  generally  admitted 
at  the  joint  discussion,  though  there  was  a  difference  of. 
opinion  as  to  who  should  bear  the  expense.  This,  however, 
is  now  settled,  for  the  provision  of  foot  protection  for  the 
men  will  be  compulsory  in  all  moulding  shops  when  men  are 
engaged  in  casting  operations,  and  we  have  nofc  the  slightest 
hesitation  in  stating  that,  in  conjunction  with  wider 
gangways,  it  will  greatly  diminish  the  accident  rate 
that  has  hitherto  prevailed  from  burns.  Hoisting 
tackle  has  not,  in  the  foundry,  received  the  attention  it 
deserved,  and  such  precautions  as  periodical  examination  or 
annealing  has  been  subject  to  no  definite  rule,  with  the  result 
that  chains  have  too  often  been  worked  on  until  they  broke, 
and  then  it  was  a  happy  chance  if  no  one  was  injured.  This, 
however,  is  now  to  be  altered.  All  chains  in  future  will  require 
to  be  tested  and  periodically  examined,  and  all  Un.  and 
smaller  chains  reannealed  or  fired  once  at  least  within  every 
six  months,  while  larger  chains  v/ill  require  to  be  annealed 
when  in  the  opinion  of  the  factory  inspector  it  is  necessary. 


The  Concrete  Institute. — Prof.  Henry  Adams,  M.  Inst.  C.E., 
M.  Inst.  M.E.,  F.S.I.,  &c.，  was  appointed  president  of  the 
Institute  for  the  ensuing  two  years  of  office,  at  the  fifth  annual 
general  meeting  recently  held.  The  Institute  medal  for  the 
1912-13  session,  which  is  awarded  annually  for  the  best  paper 
read  in  the  previous  session,  was  presented  to  Mr.  S.  Bylander 
for  his  paper  entitled  "  Steel-frame  Buildings  in  London." 


LARGE  TURBO-GENERATORS. 

Some  particulars  are  given  in  "  The  Electrical  Review  and 
Western  Electrician  "  for  May  30th  of  the  new  electric  power 
generating  station  of  the  Pliiladelphia  Electric  Company, 
which  are  of  special  interest  in  view  of  the  fact  that  it  will  be 
equipped  with  the  largest  turbo-generator  in  the  world.  It 
is  a  polyphase  unit  of  35,000  kw.  capacity,  and  is  at  present 
under  construction  at  the  works  of  the  General  Electric  Com- 
pany, Schenectady,  together  with  another  almost  equally 
large  unit  of  30,000  kw.  capacity.  The  35,000  kw.  60-cycle 
turbo-generator  is  wound  for  13,200  volts,  three  phase.  It 
has  six  poles  and  will  run  at  1,200  revs,  per  minute.  The 
amperes  per  phase  at  90  per  cent,  power  factor  will  be  1,460 
and  the  internal  reactance  10  per  cent.  The  exciter  will  be 
a  direct-connected  1 50  kw.  six-pole  250-volt  shunt-wound 
machine,  operating  at  1,200  revs,  per  minute.  The 
30,000  kw.  25-cycle  alternator  is  wound  for  13,200  volts,  three 
phase,  and  runs  at  1,500  revs,  per  minute.  It  is  a  two-pole 
machine,  the  amperes  per  phase  at  100  per  cent,  power  factor 
being  1,313.  The  internal  reactance  is  8  per  cent,  and  the 
external  reactance  4  per  cent.  It  has  a  direct-connected 
250-volt  shunt-wound  exciter  of  110  kw.  capacity.  It  is  a 
six-pole  machine,  operating  at  1,300  revs,  per  minute.  Each 
of  these  machines  will  have  temperature  coils  located  per- 
manently in  the  stator  windings  and  connected  to  recording 
instruments  located  at  the  switchboard.  This  will  enable  the 
operators  at  all  times  to  know  the  temperatures  of  the  high- 
tension  windings,  which  is  an  additional  safeguard  in  the 
operation  of  the  machines.  The  armature  insulation  tests 
(200  per  cent,  of  normal  voltage)  for  each  alternator  will  be 
26,400  volts  and  field  insulation  tests  1,500  volts.  The 
500  kw.  turbo-exciter  set  comprises  a  Curtis  steam  turbine 
operating  at  5,000  revs,  per  minute  and  a  geared  shunt-wound 
six-pole  250-volt  direct-current  generator  operating  at  900 
revs,  per  minute. 

Especial  interest  attaches  to  the  over-all  dimensions, 
weights,  and  speeds  of  rotation,  which  are  given  in  the 
accompanying  table.  The  turbines  of  the  Curtis  type  will  be 
supplied  with  superheated  steam  of  2151bs.  pressure  at  the 
throttle  and  superheat  not  to  exceed  200°  Fah.  through  a 
20in .  throttle  valve.  Under  steam  conditions  given  above 
and  with  a  back  pressure  not  to  exceed  l*5in.  of  mercury 
absolute,  the  guaranteed  consumption  of  the  two  machines 
will  be  as  follows  ： —— 


Size  of  turbine  in 
kilowatts. 


30,000  (25  cyt-k's) 
35,000  (<i0  <-\«-lrs) 


Steam  consumption  in 
pounds  per  kilouatt-hour. 


12 

45 

at 

15,000 

kilowatts. 

11 

9 

at 

22,500 

kilowatts. 

12 

75 

at 

30,000 

kilowatts. 

12 

9 

at 

15,000 

kilowatts. 

11 

9 

at 

25,000 

kilowatts. 

l-J 

0 

at 

30,000 

kiloAvatts. 

12 

6 

at 

3;5.000 

kilo、vat  ts. 

The  main  bearings  of  each  machine  will  be  24in.  diam.  by 
52in.  in  length,  and  will  be  water-cooled  by  the  circulation  of 
60  galls,  of  water  per  minute  for  the  30,000  kw.  machine  and 
100  galls,  per  minute  for  the  35,000  kw.  machine,  both  at 
minimum  pressure  of  201bs.  per  square  inch,  from  turbine- 
driven  pump 迻. For  lubrication  of  turbine  bearings  40  galls,  of 
oil  per  minute  will  be  required  at  minimum  pressure  of  301bs. 
per  square  inch.  In  each  instance  this  oil  is  drawn  from  a  tank 
of  15  barrels  capacity  cast  into  the  base  of  the  machine,  and 
is  normally  circulated  by  a  geared  pump  driven  from  the 
shaft  of  the  machine  itself.  There  will  also  be  provided  a 
duplex  stearri  pump  of  ample  capacity  for  use  in  case  of 
trouble  with  the  gear  pump.  The  turbine  governors  will  be 
of  the  usual  hydraulic  pattern  as  made  standard  for  Curtis 
horizontal  units,  and  the  valve  gear  will  be  of  tlie  usual 
mechanical  type,  controlled  by  the  hydraulic  governor. 

The  condensers,  which  are  the  largest  ever  built  for 
stationary  practice,  will  be  of  the  two-pass  radial- flow  surface 
type,  each  containing  50,000  sq.  ft.  of  cooling  surface.  The 
tubes  will  be  lin.  diam.  and  of  No,  18  B.W.G.,  and  will 
be  arranged  eccentrically  within  the  shell  in  circular  rows. 
The  air  will  be  removed  from  the  centre  in  order  to  give 
the  steam  a  minimum  path  of  flow  through  the  condenser 
tubes.  By  means  of  the  counter-flow  principle,  the  con- 
densate will  be  allowed  to  pass  down  over  the  hottest  tubes 
and  will  be  removed  at  a  temperature  within  a  few  degrees  of 
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the  exliaust  steam -  The  circulating  water  to  eacli  coiulcu^ci 
will  he  supplied  t  lirou^li  t  luce  rot  or  centrifugal  geared 
turbine-driven  pumps.  For  each  generating  unit  t  lici  t*  will 
be  installed  two  of  these  j)uni{)s,  with  ； i  maximum  capa(itv 
each  of  37,500  galls,  per  niinuie.  Besides  1  hrsc,  t  here  will  be 
provided  one  additional  puin j)  of  like  t  v|>c  and  r;t.|""'it  v，  as  ,i 
spare  unit  coupled  i.or  ciikm-^ciicv  mm  vicc  I o  cil  licr  r()n("'iisrr. 
The  reduction  gear  used  for  these  pumping  out  lit s  will  l»c  。t 
the  well-known  herringbone  type  wit h  a  gear  ratio  of  9:1, 
the  turbine  operating  at  2,880  revs,  pvv  minute  and  the  pump 
at  320  revs,  per  minute.  The  injection  water,  which  will  be 
delivered  to  the  condenser  through  a  48in.  pipe,  enters  at  the 
bottom  and  discharges  from  the  top,  t hrou^h  a  pipe  of  similar 
size,  and  the  end  of  this  discharge  pipe  will  be  sealed  so  as  lo 
form  a  perfect  siphon  system .  This  arrangenient  of  piping 
reduces  the  actual  work  p("rm'm('(l  by  the  circulating  pumps 
to  that  required  to  overcome  the  friction  of  the  tubes  and 
pi— g， 

Turh  in  tj  In  stall  a  f  io  n   I  )ata . 


Size  of  turbine  in 
kilowatts. 

Length  over  all  in 
feet. 

Extreme  width  in 
feet. 

Extreme  height 
from  floor  in  feet. 

Weight  in 
l,000,0001bs. 

Speed  of  rotation 
in  revs,  per  minute,  j 

Throttle  valve. 
Inches  diameter. 

Diameter  in  feet  of 
exhaust   outlet  to 
condenser. 

niamcter  in  incht's 
of  free  exhaust  to 
atmosphere. 

20,000 

59"38 

19-66 

1518 

■975 

】 ，500 

18 

14x  12 

36 

(25-cycle) 

S  1 

63' 16 

21  42 

1585 

1.2 

1,200 

20 

14x12 

36 

The  condensate  pumps  will  be  of  the  two-stage  centrifugal 
type,  direct-connected  to  steam  turbines  ；  each  generating 
unit  is  to  be  provided  with  two  pumps,  the  capacity  of  which 
will  be  1,500  galls,  per  minute  each.  The  water  of  condensa- 
tion which  passes  through  these  pumps  will  discharge  into  a 
" sweet  water  "  tank  from  which  it  will  flow  by  gravity  into 
a  boiler  feed-water  heater  of  the  open  type.  As  a  further 
precaution  and  warning  to  the  operating  engineers  in  case  of 
failure  of  the  condensate  pumps,  a  high-water  alarm  will  be 
connected  to  each  condenser  ；  this  consists  essentially  of  an 
electro-mechanical  device  which  closes  an  alarm  circuit  when 
the  water  in  the  condenser  base  has  reached  a  predetermined 
and  abnormal  level.*  The  air  pumps  will  be  of  the  well- 
known  Le  Blanc  type  direct-connected  to  steam  turbines  ； 
these  pumping  outfits  also  will  be  in  duplicate,  and  will  be 
placed  immediately  below  the  condensers.  The  "  hurling  '， 
or  sealing  water  required  will  be  supplied  by  circulating 
pumps  and  be  discharged  directly  into  the  discharge  tunnel. 

The  boiler  equipment  of  the  new  station  will  consist  of 
20  Babcock  &  Wilcox  water-tube  boilers,  each  32  tubes  wide, 
14  tubes  high,  by  20ft.  long,  and  four  steam  and  water  drums 
each  42in.  diam.  by  22ft.,  3'25in.  long.  The  superheater  will 
be  of  standard  Babcock  &  Wilcox  type.  Some  idea  of  the 
size  of  the  furnaces  may  be  obtained  from  the  fact  that  the 
depth  of  furnace  is  8ft.  7.5in.，  its  width  19ft. ，  and  the  height 
from  floor  line  to  lower  row  of  boiler  tubes  measured  at  the 
front  header  is  lift.  Each  boiler  is  guaranteed  to  evaporate 
60，0001bs.  of  water  per  hour  from  a  temperature  of  160°  Fab. 
to  a  pressure  of  2501bs.  per  square  inch  and  a  maximum 
temperature  of  600°  Fah.  There  will  be  two  separate  and 
distinct  coal-storage  bunkers,  each  having  a  capacity  of  3,500 
tons,  and  each  bunker  will  be  divided  longitudiiiallv  into  four 
sections  by  fireproof  partitions  to  prevent  the  spread  of  any 
combustion  which  might  occur.  From  tliese  bunkers  tlie  1 
flows  by  gravity  through  pipes  to  the  stoker  hoppers.  Eacli 
boiler  will  be  equipped  with  one  ten  retort  undert'eecl  ； nit o 
matic  stoker  of  the  Taylor  type  with  extension  «rate  and 
automatic  clinker  crusher  aiul  feeder,  \\w  a  si  it's  (lro|tpiiiLr 
directly  into  ash  hopper  located  immediately  below  the  fur- 
nace. For  air  supply  to  each  furnace  there  will  be  provided 
one  multivane  blower  driven  by  a  60  li.p.  steam  turbine 
through  a  reduction  gear  of  the  herringbone  type.  Turbine 
speed  will  be  3,600  revs,  per  minute  reduced  to  510  revs,  per 
minute  at  the  fan.  Each  blower  will  deliver  35,000  cub.  ft. 
of  air  per  minute  against  a  static  pressure  of  「)iii.  of  wat or  in 
the  wind  box.  When  operating  under  these  conditions  the 
water-rate  guarantee  of  the  turbine  is  not  to  exceed  281bs. 
per  brake  horse-power  hour. 


CHUCK  FOR  DRILLS  AND  REAMERS. 

A  dksh;n  ol"  chitck  for  use  with  drills,  reamers,  and  similar 
tools  has  recently  been  patented  by  the  Electric  and  Ord- 
Accessories  Company,  Ltd.,  of  Cheston  Road,  Aston, 
Binningliam,  in  con  junction  with  L.  M.  Ellis.  This  is  shown 
in  the  accompanying  cuts,  Fig.  1  being  a  longitudinal  sec- 
tion, Fig.  2  a  transverse  section  taken  along  the  line  X ― X  of 
Fig-  1，  and  Fig.  3  a  transverse  section  taken  through  the 
driving  flats  of  the  tool  holder.  The  chuck  body  is  provided 
at  one  end  with  a  tapered  shank  A  for  insertion  into  a  corre- 
spondingly tapered  socket  of  the  macliine  in  the  usual  manner. 
The  tool  holder  is  of  cylindrical  form  externally,  and  has  its 
inner  end  provided  with  conical  surfaces  B  which  engage  with 
correspondingly-shaped  surfaces  on  the  interior  of  the  chuck 
body.  Tlie  tool  holder  is  tapered  internally  in  the  usual 
manner  for  the  reception  of  the  tapered  shank  of  the  tool,  a 
transverse  slot  G  being  formed  at  the  inner  end  of  the  tool 
holder  for  the  usual  tang  on  the  shank  of  tlie  tool  to  engage 


Fig.  9.  Fig.  3. 

Chuck  for  Drills  and  Kkamkrs. 

with.  C  is  the  adjustable  sleeve  which  is  capable  of  sliding 
lengthwise  to  a  limited  extent,  and  is  formed  with  an  internal 
recess  H，  into  which  the  driving  segments  D  enter  when  the 
sleeve  is  at  the  limit  of  its  movement  in  one  direction,  and 
thus  permit  the  tool  holder  to  be  withdrawn  from  the  chuck 
body.  E  and  J  are  the  two  pairs  of  parallel  and  oppositely 
arranged  flat  surfaces  of  the  tool  holder  with  which  the  driv- 
ing segments  D  engage  when  the  sleeve  C  is  moved  to  the 
extremity  of  its  position  in  one  direction  as  shown  in  Fig.  1. 
By  forming  the  tool  holder  with  these  two  pairs  of  parallel 
flat  surfaces  arranged  in  this  manner  provision  is  made  for 
the  ready  and  easy  engagement  of  the  driving  segments 
therewith,  two  pairs  of  engaging  surfaces  being  provided 
instead  of  one  as  heretofore. 

In  order  to  limit  the  movement  of  the  sleeve  C  in  the 
direction  for  causing  disengagement  of  the  driving  segments 
D  from  the  driving  flats  E  or  J  on  the  tool  holder  the  chuck 
body  is  provided  with  a  projection  or  pin  F  which  may  be 
screw  threaded  to  engage  with  a  correspondingly  threaded 
liole  in  the  chuck  body.  The  pin  is  inserted  in  the  chuck 
body  after  the  sleeve  C  has  been  placed  in  position  thereon, 
and  to  enable  this  to  be  accomplished  the  sleeve  is  provided 
with  a  hole  through  which  the  pin  can  be  passed.  By  adjust- 
ing the  sleeve  so  thafc  the  hole  coincides  with  the  screw 
threaded  hole  in  tlie  chuck  body  the  pin  can  be  screwed  into 
position  until  it  stands  below  the  inner  surface  of  the  wall  of 
the  recess  H  in  the  sleeve,  thereby  allowing  the  latter  to  be 
freely  moved  within  the  limited  distance  provided  by  the  pin 
F  in  one  direction  and  the  collar  K  in  the  opposite  direction 
co-operating  with  the  shoulder  L  of  the  sleeve. 


The  Institution  of  Civil  Engineers. ― The  annual  conver- 
sazione will  be  held  at  the  Institution  on  Thursday  evening, 
July  2nd,  from  8-30  to  11-30. 
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SOME  RECENT  IMPROVEMENTS  IN  CASE-HARDENING 
PRACTICE, 

BY  HENRY  L.  HEATHCOTE,  B.SC. 

It  is  obviously  out  of  the  question  for  any  one  man ~ -cspcrially 
if  he  be  a  works'  chemist  and  beset  daily  with  demands  only 
adequately  to  be  met  by  omniscience ― to  attempt  to  give  a 
comprehensive  account  of  recent  improvements  as  suggested 
by  the  title  of  the  present  paper,  as  for  the  most  part  these 
are  known  only  to  the  hardening  staff  of  the  several  works 
where  they  have  been  evolved,  and  very  few  filter  through  to 
publication.  Not  much  information  on  the  subject  chosen  is 
to  be  found  in  the  English  literature  ；  and  the  "best  way  for 
the  author  to  treat  it  appears  to  be  for  him  to  give  an  account 
of  what  has  been  done  at  Rudge-Whitwortli  Works  ；  of  how 
the  problem  presents  itself  and  how  a  solution  has  been 
sought  ；  hoping  that  a  frank  statement  may  elicit  from  other 
members  some  account  of  their  own  experience  and  recent 
improvements. 

Even  to  the  casual  visitor  and  the  superficial  observer  it 
must  be  obvious  that,  generally  speaking,  the  machine  shop  is 
ages  in  advance  of  the  hardening  shop.  In  the  machine  sliop 
are  to  be  found  highly  differentiated  machine  tools,  each  the 
last  word  in  scientific  design  and  construction,  embodying  the 
best  engineering  knowledge  and  skill  of  many  nations.  The 
tools,  as  often  as  not  of  high-speed  steel,  and  the  grinding 
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Fig.  ]  .—Spectra  of  Ked-hot  Steel. 

wheels,  are  both  the  outcome  of  special  research  in  different 
branches  of  chemical  industry.  The  men  are  well  trained  and 
well  paid,  and  the  organisation  of  the  shop  is  another 
testimony  of  the  stage  of  development  arrived  at.  Not  only 
are  its  tools,  its  plant,  and  its  employes  of  superior  grade,  but 
its  output  is  subjected  to  strict  viewing  by  skilled  men  using 
instruments  of  precision.  Needless  to  say,  this  reacts  on  the 
shop  as  a  whole,  and  makes  for  rapid  rectification  of  faults 
and  a  high  standard  in  every  part. 

Compare  this  state  of  affairs  with  that  prevailing  in  a 
typical  hardening  shop  some  years  ago. 

Instead  of  a  well-lit,  well-ventilated,  and  comparatively 
clean  shop,  we  find  a  dark,  grimy  shed,  something  like  a 
miniature  gasworks,  unbearably  hot  and  reeking  with 
cremated  ox-remains  and  fishy  oil.  Here  a  gang  of  men 
pound  a  dusty  black  mixture  into  iron  pots  round  some  of  the 
articles  that  have  just  come  from  the  machine  shop  or 
automatic  shop  ；  there  another  gang,  equally  grimy  but  more 
oily,  wield  tools  that  Tubal  Cain  may  have  used ― their  plant, 
crude  furnaces,  uncontrolled  save  by  the  unaided  eye. 

Not  only  were  their  tools  and  plant  crude,  their  materials 
and  labour  were  crude  too.  The  labour  employed  was 
anything  but  skilled,  and  the  case-hardening  compositions 
savoured  more  of  quack  medicines  than  British  pharmacopoeia 
preparations.  What  little  viewing  was  done  threw  little  or 
no  light  on  the  causes  of  distortion,  softness,  or  cracks.  And 
this  was  the  shop  to  whose  tender  mercies  much  of  the 
machine  shop  output  was  handed  over,  there  to  be  made 
or  marred. 

This  then  was  the  problem  :  to  raise  this  outcast,  isolated, 
and  forlorn  process  of  chemical  industry  to  the  dignity  and 
standing    of   .machine-shop    practice  ；    to    investigate  the 

*  Paper  read  before  the  Iron  and  Steel  Institute,  May,  1914. 


materials  it  employs  and  throw  light  on  their  mode  of  action  ； 
to  provide  simple  means  of  controlling  the  furnaces  and  of 
measuring  the  resultant  hardness  and  resistance  to  shock  ；  in 
a  word,  to  do  for  the  hardening  shop  what  science  and 
industry  had  already  done  for  the  machine  shop. 

An  Improved  Pyrometer. ―  We  started  out  at  the  furnace 
end  and  decided  to  install  pyrometers,  but  were  soon  met  by 
the  fact  that  an  efficient  pyrometric  outfit  for  a  battery  of 
13  muffles  is  an  expensive  thing,  especially  for  an  industry 
where  the  competition  is  so  keen  and  the  work  so  varied. 
Moreover,  it  threatened  to  cost  something  to  keep  it  in 
working  order  ；  and  on  second  thoughts  it  seemed  very 
questionable  whether  thermo-electric  and  resistance  pyro- 
meters would  be  suitable  for  a  system  starting  with  a  hot 
furnace  full  of  cold  work，  or  for  ascertaining  the  temperature 
of  an  isolated  article. 

The  Fery  instruments  were  then  unknown ?  so  the  author 
started  investigations  at  the  Rudge-Whitworth  Research 
Laboratory  with  the  object  of  ascertaining  the  temperature 
of  red-hot  bodies  from  their  colour.  On  examining  the 
spectrum  of  a  red-hot  piece  of  steel  it  is  found  to  elongate  at 
both  the  red  and  violet  ends  and  to  increase  in  intensity  all 
along  as  the  temperature  rises.  This  suggested  the  possibility 
of  ascertaining  the  temperature  of  red-hot  bodies  by  -means  of 
a  direct  vision  spectroscope  provided  with  a  graduated  scale 
(also  used  by  Hempel),  but  it  soon  became  evident  that  the 
difficulty  of  seeing  just  where  the  green  ended  precluded  the 
possibility  of  anything  approaching  accuracy  ；  and  the  exten- 
yion  of  the  reel  end  was  not  sufficient  for  the  purpose. 
Attempts  were  made,  by  screening  off  the  brighter  parts  of 
the  spectrum,  to  render  the  green  or  blue  end  more  distinct, 
but  it  was  found  that  the  end  point  varied  considerably  with 
the  same  observer,  and  that  many  eyes  cannot  focus  a  sharp 
image  on  the  retina  when  pure  blue  or  green  rays  are 
transmitted. 

Fig.  1  represents  the  spectra  of  red-hot  steel  in  air,  as  seen 
by  the  author.  The  ordinates  are  estimated  and  the  abscissae 
measured. 

Fig.  2  is  a  diagrammatic  representation  of  two  superposed 
spectra  of  red-hot  steel,  one  representing  a  higher  temperature 
than  the  other.  The  difference  between  the  radiation  at  the 
two  temperatures  is  D.  If  we  could  separate  this  difference 
from  the  radiation  C  common  to  both  and  measure  it  we 
should  be  in  the  best  possible  position  for  ascertaining  the 
temperatures  of  red-hot  bodies  ；  much  better  than,  for 
instance,  by  comparing  the  radiation  C  with  C+D.  This 
suggested  that  a  solution  just  capable  of  absorbing  all  the 
coloured  rays  from  steel  at,  say,  760°  C.，  would  transmit  the 
excess  intensity  and  extra  wave-lengths  of  the  rays  emitted  at 
800°  C.  and  the  object  would  be  visible.  This  was  found  to  be 
as  expected,  and  a  long  series  of  experiments  was  carried  out 
to  try  and  produce  solutions  and  mixtures  of  solutions  or 
emulsions,  the  absorption  of  which  closely  followed,  both  in 
range  and  intensity,  the  radiation  curves  for  steel  at  different 
temperatures. 

The  Selection  of  Dyes. ― Light  from  an  acetylene  flame  was 
passed  through  the  coloured  solutions,  organic  and  inorganic, 
and  of  various  concentrations,  then  analysed  by  a  spectroscope 
and  the  absorption  spectra  plotted  ；  but  the  difficulty  and 
endless  work  involved  in  determining  the  intensity  (or  degree 
■of  absorption)  of  the  various  colours  made  it  commercially 
necessary  to  be  content  with  an  approximation  to  the  required 
curve. 

In  conducting  these  experiments  the  author  found  tliat 
the  eye  is  certainly  more  sensitive  to  small  variations  in  the 
region  of  the  dark  red  than  in  any  other  region,  and  this  led 
to  choosing  dye  solutions  that  transmitted  an  excess  of  red. 
A  very  feeble  light,  whatever  the  colour,  appears  grey  or 
greyish  green.  This  is  said  to  be  due  to  the  rods  of  the  retina 
being  more  sensitive  to  light  than  the  cones.  As  soon  as  the 
intensity  becomes  sufficient  the  cones  respond  and  give  the 
impression  of  colour.  When  the  observer  is  looking  through 
one  of  these  dye  solutions  the  object  is  either  invisible  or  very 
faintly  visible,  and  it  is  found  that  the  change  from  this  grey 
or  greyish  green  to  dark  red  is  far  sharper  than  the  change 
to  any  other  colour  tried ― particularly  the  greenish  blue  at 
the  end  of  the  spectrum  of  steel  at  700。  to  1,000° 鋈  It  is 
found  that,  with  solutions  of  this  kind,  a  difference  of  tempe- 
rature of  5°  C.  can  be  detected.  That  is  to  say,  an  excess  of 
5°  C.  sends  sufficient  radiations  to  the  eye  (D  in  Fig.  2)  to 
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rcndci-  t  he  object  visible  I  lirf>u^li  I  he  .^ol ul  ion  in  <|itcsl  ion. 
DiflVi cut  (山 servers  arc  lound  ")  H^rcc  close! v  ;is  to  1  In*  t cm j ic 
r;it  ure,  showing  t  hat  the  error  due  to  t  lie  difTorcul  sensitive- 
ness of  (lin'crciit  eves  is  hut  little  greater  t  Iian  1  he  ex  peri 
nient al  error.  \Vitli  unl  i  ;iinecl  observers  the  error  may 
be  10°  C. 

Permanence  of  Dye  Solutions.  Ilaviiig  t'ouud  a  r;m"*'  of 
solutions  capable  of  alisorhin*;  1  he  ravs  (Mnithnl  Itv  Imi 
steel  at  various  temperat  ures,  ； i  nd  ； it  t  hr  same  t  iinc  suil  rd 
to  the  peculiarities  and  conditions  of  the  eye,  t  lie  ； mt  line  ju  n 
ct'cdtMl  to  investigate  the  permanence  of  the  various  inixi urcs 
iii  1  he  dark  and  under  the  action  of  light  ；  also  1  lioir 
behaviour  in  contact  with  retaining  vessels  such  as  ^l;iss  ； i m! 


、i 

Fig.  ？. 

india-rubber.  Some  were  found  to  decompose  on  ki  *']>iiiL;, 
some  changed  in  colour,  some  precipitated  ；  others  wt're  t'ouud 
to  be  soluble  in  glass.  Some  were  found  to  withstand  ( In- 
action of  light,  iii  contact  with  glass  and  iii(lia-rubber，  wit  limit 
any  apparent  change.  Prof.  Campion  lias  iiKlejiencleiitly 
confirmed  the  stability  of  some  of  the  dyes  chosen  by  the 
drastic  test  of  exposing  two  pairs  of  cells  to  full  sunlight  tor 
over  a  year.    He  found  no  deterioration  in  tlie  solutions. 

Calibration  of  Dye  Solutions. ― The  chosen  solut ions  were 
then  calibrated  by  viewing  the  end  of  a  steel  cylinder  heated 
in  an  electric  furnace  and  taking  the  temperature  of  the  steel 
at  the  moment  it  ceased  to  appear  visibly  red  by  means  of  a 
platinum  platinum-rhodium  thermo-couple  pushed  close  up 
the  back  of  the  cylinder  end.  To  remove  any  possible  error 
due  to  the  temperature  of  the  junction  being  perhaps  not 
exactly  the  same  as  that  of  the  visible  end  of  the  cylinder,  the 
calibration  of  the  couple  was  effected  by  melting  a  number  of 
pure  substances  of  known  melting  point  on  a  minute  ledge  on 
the  flat  end.  For  temperatures  above  the  scope  of  this 
arrangement  the  thermo-couple  was  dispensed  with,  and  the 
melting  of,  for  instance,  nickel  and  platinum  observed  through 
the  cells.  This  is,  however,  hardly  the  occasion  to  enter  into 
details  regarding  the  calibration  and  the  precautions  taken  to 
ensure  accuracy  and  some  approximaiion  to  "  black  body  ，' 
conditions. 

Design  and  Method  of  Use. ― In  one  of  its  fonns  llu* 
instrument,  Fig.  3，  has  a  stereoscope-like  eye-shield  to  guard 
the  eyes  from  extraneous  light.  Instead  of  two  lenses  there 
are  two  pairs  of  dye  solutions  well  protected  by  caps,  which 
also  serve  to  keep  the  light  out.  This  form  is  suitable  when 
some  particular  temperature  is  required.  For  instance,  the 
case-hardening  temperature  is  now  controlled  by  employing 
an  instrument  like  this,  with  one  pair  of  cells  containing  dye 
solution  adjusted  to  900°  C.  and  the  other  to  925°  C.  If  the 
pots  are  visible  through  the  900°  pair  and  invisible  t  hrou^li 
the  925°  pair  the  temperature  is  considered  correct.  Thei'c  i、 
no  need  to  remove  the  eyes  while  the  pairs  are  chan^tMl  ； 
is  done  by  sliding  the  aliuniniiun  carrier  to  one  side  or  the 
other.  For  reheating  work,  and  for  hardening  tools,  a  single 
pair  is  all  that  is  necessary.  The  liardening  tempeirature  is 
attained  as  soon  as  the  work  appears  just  visibly  red.  For 
double  reheating  two  pairs  are  of  course  necessary,  f.f/.，  760° 
and  880。  C.  The  cells  can  be  interchanged  and  are  readily 
detachable,  so  one  instrument  can  be  used  to  ascertain  an v 
temperature,  provided  the  object  be  visibly  red  hot.  The 
actual  container  is  a  glass  tube  less  than  lin.  long,  with 
accurately  fitting  glass  ends  held  together  on  rubber  ru\^>  Kv 
two  telescoping  brass  tubes.  In  form  the  cell  is  much  like  a 
short  polarimeter  tube.  The  caps  on  the  aluminium  slidrs 
are  provided  with  springs  to  prevent  the  cells  falling  out. 

In  another  form  the  instrument  is  adjustable  and  is  either 
monocular  or  binocular.  In  these  the  dye  solution  is  con- 
tained in  expansible  cells,  and  a  range  of  absorptive  powers 
obtained  by  altering  the  length  of  the  column  looked  through. 
The  temperature  is  given  by  a  scale  engraved  on  the  tube, 
much  like  a  micrometer  is  read.  This  form  is  perhaps  not 
quite  so  accurate  as  the  form  with  each  cell  specially  made  to 
one  temperature.  In  this  form  the  instrument  is  3in.  long 
by  l^in.  diam.  and  is  very  handy.      This  method  of  deter- 


iniiiing  iemperatu res  is  a  zero  inct  \uxl  and  is  t  IhtcIoh'. 
(•(ffvris  //〃/*《'/,〃、，  more  accurate  t  Iian  one  involving  n  com 
parison  of  colour's.  Furthennorf,  tlie  crit  iral  point  o' ' m 
when  t  lie  eye  is  shaded  In'm  ('xt  r;i  川 s  li^lit,  thai  is,  wlifii 
the  pupil  is  dilated  and  the  retina  is  in  i"  "mst  '  n、i，i、'' 
condition.  In  jud^in^  1  ^rnporat  urcs  hv  t  lie  unaided  eye 
errors  are  caused  by  ：   ( 1)  Extranfous  ligl"  falling  on  thf  eve. 

(2)  The  (liilicult y  of   n'm('ml)(*ring   close  shades  of  colour. 

(3)  Errors  of  judgment  in  comparing'  the  image  of  the  folour 
observed  with  a  series  of  mental  images  of  colours  pre- 
viously seen. 

All  these  chances  of  error  are  eliminated  by  an  ii 卜 1 1  m'u'iit 
of  this  kind.  No  extraneous  li^ht  falls  on  the  eyes  and  no 
recollection  is  required  ；  the  hardener  has  simplv  \n  \onk 
through,  wait  about  half  a  minute  until  his  eves  liave  l^worn^ 
accustomed  to  the  darkness,  and  t  hen  see  whether  the  ol 小' H 
is  visible  as  a  dark  reel  patch  or  invisible.  Hardeners  seem  to 
prefer  to  use  their  eyes  for  telling  tlie  temperature,  and  these 
instruments  provide  pyrometric  equivalents  for  limit  gauges 
and  screw  micrometers,  and  at  the  same  time  screen  the  eyes 
irorn  the  glare  and  heat  of  the  furnace. 

The  readings  are  admittedly  dependent  on  tlie  sensitive- 
ness of  the  eye  ；  if  this  varies  from  person  to  person  the 
temperature  readings  will  vary  accordingly,  being  lower  the 
more  sensitive  the  eye.  As  already  stated,  these  variations 
do  not  affect  the  accuracy  momentously,  and  from  actual 
experiments  carried  out  with  this  and  with  another  optical 
pyrometer  working  under  very  similar  conditions  the  author 
feels  compelled  to  believe  that  the  variation  in  sensitiveness, 
under  the  actual  working  conditions  of  these  instruments,  is 
not  nearly  so  great  as  might  be  expected. 

If  the  object  be  a  large  one,  it  is  advisable  to  interpose  a 
perforated  screen  between  it  and  the  instrument.  One  way 
to  make  an  observation  is  to  adjust  the  instrument  to  a  lower 
temperature  than  that  expected,  and  then ,  hv  sliding  darker 
cells  into  position,  or  by  unscrewing  (if  the  adjustable  form), 
darken  the  image  until  it  just  ceases  to  appear  coloured.  The 
temperatures  engraved  on  the  cell  or  the  body  of  tlie  instru- 


Fig.  3  — PnioMKTKR  fou  Obskuving  Two  Tkmppjiatures.  Outside  and 
Insuji:  Vikws. 

ment  will  then  indicate  the  temperature  of  the  hot  body, 
provided  that  the  conditions  of  the  test  are  as  nearly  "  black 
body "  as  those  obtaining  when  the  calibration  was  effected. 
Fortunately  red -hot  iron  and  steel  surfaces  have  an  eniissivity 
of  nearly  unity,  so  the  error  is  not  large,  and  can  generally  be 
neglected  for  industrial  purposes.  Furthermore,  any  error 
from  this  source  will  not  prevent  the  instrument  giving  com- 
parative readings  under  similar  conditions,  which  is  all  that 
is  necessary  in  repetition  work . 

These  instruments  have  been  applied  with  satisfactory 
results  to  the  heat  treatment  of  steel,  carburising.  reheating, 
annealingj  aud  hardening  tools  of  all  kinds.     One  has  out- 
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lasted  two  t  hermo-electric  pyrometers,  and  it  is  the  author's 
opinion  that  a  pyrometer  which  indicates  its  own  temperature 
ma v  convey  some  idea  of  the  temperature  of  the  work,  but 
will  never  be  the  hardener's  friend  to  the  same  extent  as  one 
of  the  forms  of  optical  pyrometer  which  can  be  focussed  on 
the  article  itself. 

Case-hardening  Compositions.  —  Having  provided  a  simple 
and  effective  device  for  ascertaining  the  temperature  of 
red-hot  bodies,  the  author  set  about  investigating  case- 
hardening  compositions 一  their  nature,  mode  of  action,  and 
effect.  Obviously  for  carburising  to  occur  (1)  the  heat  must 
first  penetrate  to  the  steel  and  raise  it  to  the  gamma  con- 
dition ；  it  must  (2)  liberate  and  maintain  a  supply  of  the 
carburising  ingredients  ；  (3)  the  peripheral  layers  of  the  steel 
must  combine  with  (or  dissolve)  these  ingredients  ；  and 
(4)  the  carbide  must  diffuse  from  the  periphery  in w;i fds. 

The  composition  of  case-hardening  materials  varies  very 
widely.  The  following  table  shows  the  range  of  variation  in 
17  commercial  "  compositions  "  tested  : —— 

Table  I. 

Per  Cent. 

Moisture    2-G8  to  2617 

Oil    0'17   ，，  2076 

Carbon  (organic)    67     ，，  54*19 

Calcium  phosphate    0'32   ，，  74.75 

Calcium  carbonate    1*2     ，，  11'57 

Barium  carbonate   nil   ，，  42*0 

Zinc  oxide    nil   ，，  14'5 

Silica    nil  "  8'14 

Sulphates  (S03)    trace  ，，  3.45 

Sodium  chloride    nil    '，  7*88 

Sodium  carbonate    nil    "   40  0 

Sulphides  (S)    nil   ，，  2*8 

When  these  experiments  were  commenced  the  】nixtm.e  of 
barium  carbonate,  40  per  cent.,  and  charcoal,  60  per  cent -, 
suggested  by  Guillet  had  not  been  put  forward,  and  it  was 
usual  to  use  case-hardening  compositions  once  only  or  perhaps 
twice. 

Another  drawback  experienced  in  commercial  operation, 
for  instance,  with  pots  lOin.  high  by  lOin.  cliam.,  was  the 
difference  in  the  depth  of  penetration  near  the  middle  and  the 
outside  of  the  pot.  Some  compositions  showed  as  much  as 
150°  C.  difference  in  temperature  between  the  inside  and  the 
outside.  The  autho^  accordingly  set  out  to  improve  :  (1)  Per- 
manence, and  to  obviate  loss  of  activity  and  consequent  waste- 
fulness. (2)  Permeability  to  heat,  and  to  obviate  unequal 
heating  and  casing. 

Permanence.  ―  The  supposition  that  tliis  loss  of  carburising 
power  was  due  to  loss  of  nitrogenous  constituents  was  con- 
firmed by  the  author's  early  experiments.  Spent  hardening 
mixture  may  contain  12  j3er  cent,  organic  carbon  (total 
carbon,  less  carbon  in  carbonates),  and  yet,  under  similar  con- 
ditions, have  far  less  carburising  power  than  fresh  material 
containing  less  carbon.  Such  spent  mixture  gives  indication 
of  only  traces  of  nitrogen.  Two  similar  compositions,  one 
having  a  much  greater  carburising  power  than  the  oth&r,  gave 
the  following  results  by  the  Kjeldahl  test  ： ― 

Composition.  Nitrogen  per  cent. 

Good    2*72,  2-60 

Bad  •   0*51,  0-47 

Indirect  evidence  of  the  influence  of  gases  (possibly  nitro- 
genous) evolved  from  the  mixture  is  afforded  by  the  results 
of  the  comparative  tests  recorded  in  Table  II.,  which  show 

Table  II. 

Cfnnpf  >sition  :  50  per  cent,  bone  black,  25  per  cent,  bone  dust,  25  per  cent,  oil 


by  steam  distillation.  On  the  other  hand,  heating  in  gases 
which  contain  no  nitrogen  ('oni|)(nui(ls  may  carburise  rnild 
steel ,  as  iii(lir; 山' （1  in  Table  HI. 


Experiment 

Without  Coal-gas 

With  stream  of  Coal-gas  through  mixture 

No.  1  1 
No.  2  1 

Case  0  0374in. 
Saturated. 

Case  0  045in. 
Saturated. 

Case  0-029(5111.^ 
Unsaturated 

Case  0-038in. 
Unsaturated^ 

>Sln\v  stream. 

No.  .*t  1 

Case  0*043in. 
Saturated. 

Case  0-024in.  1 
Unsaturated  _ 

r  Faster  stream. 

Table  III. ― 「〃.、,-/〃〃.,// 
Temperature  about  880°  C. 


t/tf/  ///  (jftSfS. 

Rods  I'm.  round. 


Gas. 


Acetylene  pure. 
I  hour. 
Acetvlci"'  I  vol. ； 
Coal-gas  3  void. 

I  hour. 
Acetylene  1  vol. ； 
Cual -^as  12  vols. 


Acetylene  1  vol. ； 
Coal-gas  20  vols. 

I  hour. 
Acetylene  1  vol. ； 
Coal-gas  40  vols. 

1  hour. 

Coal-gas  buhbk-fl 
t  lir«  mull  carbon 
disulphide. 
1  hour. 


Results. 


Arct  \  lent.'  (.-(Ullpl'-tilv  (I, '。山 I  |",、<(l. 

Carbon  deposited  on  s|)c<  iinen. 
Specimen  coated  、、Uh  carbon. 


Case. 


0  006"n.  thick. 
Unsaturatcl. 
0  00l7in.  thick. 
Unsaturate'!. 

On   one  side 
0  0J47in.  thick. 
Unsaturated. 
On   one  side 
0-0] I  Tin.  tin-  k. 

Unsaturattxl. 
Only  w  here  carbon 

deposited 
0-0117in.  thick. 

Unsaturated. 
No  case.  Layer 
of  sulphide 
formed. 


Time,  2  hours.     Temperature,  900°-925°  C.     Rods  Jin.  round, 
that  it  is  possible  to  carry  off  the  carburising  gases  by  a 
current  of  coal  gas  in  much  the  same  way  that  oil  is  removed 


Experiments  extending  over  a  considerable  time  and  range 
of  compositions  have  confirmed  the  following  supposition  ： 
(1)  the  depth  of  case  depends  chiefly  on  the  temperature  the 
steel  attains  and  the  duration  of  the  hot  condition.  On  these 
factors  depend  the  rate  and  extent  of  the  diffusion  of  the 
carbon  or  carbide.  (2)  The  concentration  of  the  carbon  in 
the  case  depends  chiefly  on  the  "  activity  "  of  the  mixture, 
or  rate  at  which  it  or  its  products  part  with  carbon  to  the 
steel .  The  concentration  of  carbon  in  the  surface  layers  may 
increase  or  decrease  with  temperature,  but  usually  increases 
as  the  temporal  ure  rises  and  with  the  time.  (3)  The  duration 
of  the  hot  condition  for  a  given  time  of  heating  depends  chiefly 
upon  the  permeability  to  heat  of  the  case-hardening  com- 
position. 

Exhaustion  Tests.  ― Comparative  depth  of  penetration  has 
been  the  subject  of  a  number  of  investigations,  but  is  so  much 
dependent  on  factors  other  than  the  case-hardening  com- 
position that  the  author  lias  sought  for  some  other  test.  The 
one  finally  adopted  is  to  take  a  known  volume  of  the  com- 
position ajid  ascertain  the  volume  of  the  "  case  "  that  can  be 
got  from  it  without  replenishing. 

The  ratio  total  volume  of  case :  initial  volume  of  case- 
hardening  material,  affords  a  good  indication  of  the  efficiency 
of  the  composition,  and  is  not  so  dependent  as  a  single  pene- 
tration measurement  on  other  factors  such  as  size  of  pot, 
number  and  size  of  the  articles  it  contains,  loss  of  beat  from 
furnace  walls  when  the  pot  is  introduced,  &c.  These 
" exhaustion  "  tests  have  been  made  in  pots  of  various  sizes, 
but  usually  in  nickel-plated  steel  tubes  7in.  long  by  l^in. 
diam.j  and  heated  in  a  laboratory  muffle  for  1^  to  2  hours, 
starting  with  the  muffle  hot.  A  fresh  piece  of  mild  steel,  such 
as  I  in.  round,  is  used  for  each  heating,  and  the  period  is  that 
required  to  give,  at  900°  to  930°  C,  a  case  deep  enough  for 
commercial  use,  viz.,  0'015in.  to  0'065in.  Transverse  sections 
are  examined  microscopically,  and  the  mixture  is  considered 
to  be  exhausted  when  ferrite  bands  can  be  seen  between  the 
pearjite  grains  at  the  periphery,  that  is,  when  the  case  is 
unsaturated.  With  most  commercial  case-hardeuiug  mixtures 
it  is  usual  to  find  that  the  periphery  is  unsaturated  after  six 
or  seven  heatings  of  two  hours  each  -  The  results  of  testing 
some  experimental  mixings  are  to  be  found  in  Table  IV. 

An  Improved  Case-hardening  Composition. ― The  last  mixture 
in  Table  IV.  is  eminently  suitable  on  the  score  of  permanence, 
and  can  be  used  over  and  over  again  indefinitely 3  provided 
that  the  inevitable  waste  involved  in  commercial  usage  is  made 
up  from  time  to  time  with  fresh  composition  and  that  the 
ingredients  are  well  incorporated  and  in  the  proper  propor- 
tions. The  author  was  led  to  combining  charcoal  with 
potassium  carbonate,  sodium  carbonate,  and  potassium 
hydrate  by  the  results  of  tests  on  charcoal.  This  rapidly  loses 
its  carburising  power.  It  also  contains  traces  of  potassium 
carbonate,  which  would  react  with  red-hot  charcoal  and  pro- 
duce carbon  monoxide.  Incorporating  a  little  potassium 
carbonate  with  exhausted  charcoal  is  found  to  restore  at  once 
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its  carburising  power  and  make  ii  give  up  its  carbon  inorc 
readily  tlian  the  original  clia rcoal.  The  s;imr  is  t  vw  wlion 
poiassium  h vd rate  or  sodium  carhonat c  is  incorporalcd. 

Tabu':  IV. 


\  olllll 


1IIIH'  n 

Mi\Luir. 


Anlhratitir  75  per  oont.,  oil  25  prr  Cent  

Anthracite  95  jut  cent.,  potass  in  im  ciirlnmiitc  5  per  cent  

C'oko  soak in    10  per  cent,  atnicous  solutitn  "f.  putiis^ium 

hydrate  

Anthracite  s 。； ik(、(l  in  10  per  crnt.  aquc<ms  s(«lut i<  n   of  potfu 

sium  hydrate   

Anthracite  !)0  percent.,  calriuin  cyanainidc  I"  \u-v  ci-nl  

Crushed  bone   '  

Anthracite  \H)  percent.,  Imnc  hlack  10  per  cent  

Wood  charcoal  

Charcoal  !)0  prr  cent. ,  cruslu'd  Ixmc  10  per  rent  

Wood  cliarmai  !H>  per  rent calcium  rvaiiami'lr    K)   jmt  ccnl. . . 

\\r(H xl  charcoal  IK)  percent.,  rruslicd  Ixmc  10  per  cent  

Bone  black   

Leather  charcoal  

Wood  charroal  ！ H)  (HT  cent.,  b<mc  hhick  10  pi  i-  <cnt  

C'lian  oal  soaked  in  20  ]xt  rent.,  canst ic  pntash   !H)   |icr  ( cnl . , 

crushed  bom'  10  per  crnt  

\\'o< )d  {'liarcoal  iiiiprc^nattHl  、vitli  soda  ash  


nil. 
0  0042 

0-C048 

0-OOG1 
(i  OKMI 
0  OIL*!' 

ooi:is 


0  (M51 

0-058 
0-1 1(> 


That  the  carburising  power  of  such  mixtures  is  due  to 
nitrogenous  compounds  or  cyanides  is  unlikely.  Charcoal 
soaked  in  a  5  per  cent,  aqueous  solution  of  sodium  carbonate 
and  dried,  after  three  heatings  contained  ： ― 

Per  cent . 

Nitrogen    0'12  (Kjeldahl) 

Cyanides    nil 

Yet  this  gave  a  saturated  case  even  after  the  tenth 3  eleventh, 
and  twelfth  heatings.  The  author  has  not  fully  investigated 
the  nature  of  the  reaction,  but  comparative  tests  show  that 
charcoal  in  an  atmosphere  of  carbonic  oxide  does  not  give 
quite  the  same  result  as  the  charcoal  and  alkali  mixture. 
Under  similar  conditions  charcoal  alone  gave  an  unsaturated 
(  asp  ；  charcoal  and  carbon  monoxide  gave  a  more  saturated 
but  still  unsaturated  case  ；  and  the  charcoal  and  alkali  gave 
a  saturated  case. 

(To  be  continued . ) 


PREVENTION  OF  ACCIDENTS  IN  FOUNDRIES. 

In  accordance  with  the  recommendations  of  the  conference 
between  employers,  operatives,  and  inspectors  concerning 
safeguards  for  the  prevention  of  accidents  in  iron  foundries, 
the  Secretary  of  State  proposes  to  make  regulations  under 
Section  79  of  the  Factory  and  Workshop  Act，  1901，  to  carry 
out  the  agreements  at  which  they  arrived.  A  draft  of  the 
proposed  regulations  is  appended.  Any  objection  wit  li 
respect  to  the  draft  regulations  must  be  sent  to  the  Secretary 
of  State  not  later  than  July  8th,  1914.  Every  such  objection 
must  be  in  writing,  and  must  state  (a)  the  draft  regulations 
or  portions  of  draft  regulations  objected  to  ；  (b)  the  specific 
grounds  of  objection  ；  and  (c)  the  omissions,  additions,  or 
modifications  asked  for. 

Regulations  dated   ，  1914,  made  by  the  Sercetary  of 

State  under  Section  79  of  the  Factory  and  Workshop  Act, 
1901  (1  Edw.  7，  c.  22.)  to  apply  to  all  factories  and  workshops 
or  parts  thereof  in  which  the  casting  of  iron  or  steel  is 
carried  on. 

In  pursuance  of  Section  79  of  the  Factory  and  Workshop 
Act,  1901，  I  hereby  make  the  following  regulations  and 
direct  that  they  shall  apply  to  all  factories  and  workshops  or 
parts  thereof  in  which  the  casting  of  iron  or  steel  is 
carried  on. 

Provided  that  these  regulations  shall  not  applv  to  t  ho 
casting  of  pig  iron  from  blastfurnaces,  or  to  the  casting  of 
steel  ingots. 

These  regulations  shall  come  into  force  on   ,  1914. 


氺 Dffitutum . 

1  lies"  rf^ulatioiis  : 

M "〃/〃〃/'/  simp  includes  that  |>ar 

workshop  in  which  the?  ''iipol; 

parts  in  whicli  rnolten  metal 

or  poured. 

Duties 


i  of  ilie  iaciory  or 
l  is  situated,  and  ； ill 
is  caught,  conveyed, 


It  shall  be  the  duty  of  the  occupier  to  ohs'rvf'  Pa  it 】  oi 
these  I'egulaUoiis. 

It  shall  be  the  duty  of  every  person  employed  t"  observe 
Part  II.  of  these  rcgulati<jns. 

1.  Wliere  iron  plates  are  used  in  a  monhliiuj  slntp,  either 
as  gangways  or  under  hinuice  spouts,  they  shall  be  kept 
constantly  dry. 

- . Wliere  molten  int*t ； il  is  carried  liand  between  row- 
of  moulds  or  boxes,  a  clear  passage  way,  not  less  than  18in. 
in  w i ( 1 1 1 1 ,  shall  be  provided  and  inaiiitained  between  such  rows. 

3.  Where  molten  metal  is  conveyed  across  an  open  space, 
a  clear  passage  way,  dry  and  covered  wliere  practicable,  shall 
be  provided  and  maintained  between  the  cupola  and  the  place 
where  casting  is  done.  Provided,  however,  that  it  shall  not 
be  deemed  to  be  practicable  to  erect  a  covered  way,  if  to  do 
so  would  interfere  with  operations  necessarily  carried  on  in 
the  intervening  space. 

4.  No  person  under  16  years  of  age  shall  convey  or  assist 
in  conveying  molten  metal. 

5.  Requisites  for  treating  wounds  and  burns  shall  be  kept 
at  hand  and  be  placed  in  charge  of  a  responsible  person. 

6.  ― (")  All  chains  used  for  lifting  or  moving  any  material 
shall  have  been  tested  and  shall  h(*  periodicallv  examined. 
They  shall  be  effectually  softened  by  annealing  or  firing  when 
necessary  ；  and  half-inch  or  smaller  chains  in  general  use 
shall  be  re-annealed  or  fired  once  at  least  within  every  six 
months. 

Chains  to  which  new  links  or  rings  have  been  added  shall 
not  be  used  until  they  have  been  re-tested. 

(fj)  A  register  shall  be  kept  on  the  premises,  containing 
the  distinctive  mark  or  number  of  each  chain,  the  date  of 
et?ch  test  and  re-test,  the  test  load,  the  safe  working  load,  and 
the  dates  of  annealing  or  firing. 

7.  In  any  part  of  a  monJdiiKj  >// o p  wliere  molten  metal  is 
caught,  conveyed,  or  poured,  adequate  protection  for  the  feet 
shall  be  provided  and  maintained  in  proper  order  and  repair 
for  the  use  of  all  persons  employed  in  that  part.  Such  pro- 
tection shall  consist  either  of  boots  fitting  closely  above  the 
ankles  and  constructed  without  lace  holes  or  other  openings 
in  which  molten  metal  can  lodge,  or  of  spats,  flaps,  or  other 
appliances  fitting  closely  above  the  ankles  and  covering  all 
such  openings  in  the  boot,  shoe,  or  clog  worn  by  the  person 
employed. 

Part  II. —— Dutiea  of  /''/■.、'"".、■ 

8.  Every  person  employed  in  any  part  of  a  mouhliny  -、 7〃'〃 
where  molten  metal  is  caught,  conveyed,  or  poured,  shall, 
while  any  of  these  operations  is  going  on,  constantly  wear 
the  protection  for  the  feet  specified  in  regulation  7. 


*  The  term  •'  moulding  shop  " 
throughout  in  italics. 


which  a  detine<l  meaning  is  given  is  printed 


Bursting  of  a  Gas  Cylinder. —— Thnmi_'ii  t  l»ur>tinLr  of  a  gas 
cylinder  used  in  connection  with  apparatus  for  taking  burrs 
off  tramway  lines,  a  London  County  Council  employe  was 
seriously  injured  on  the  1 2th  inst.  in  the  Hackney  Road, 
London. 

Institute  of  Metals. ― Portsni(»ut  li  ！ "i，  U'en  、(小 ,'、  tl"' 
place  of  meeting  for  the  autumn  conference  of  the  Institute 
tit'  Met .ils.  Tlic  ('mi "'rt'm'e,  w  1 1 1 •  ■  1 1  w  1 1 1  in-  !>r -'、 ove r  l,v 
Engineer  Vice-Adrniral  Sir  Henry  J.  Oram,  K.C.B.,  F.R.S., 
the  president  of  the  Institute  of  ifetals,  will  be  held  on 
Thursday,  September  10th,  and  Friday,  September  1  Itli,  in 
the  Municipal  College,  a  number  of  in  portant  papers  being 
read  each  morning.  Ih  the  afternoon  of  Septeniber  10th  a 
visit  will  be  paid  to  Portsmoutli  Dockyard,  and  there  will  be 
a  dinner  in  the  evening.  On  September  llth  the  afternoon 
function  will  consist  of  a  luncheon  at  the  Cowes  works  of 
Messrs.  J.  Samuel  White  &  Co"  the  works  afterwards  being 
visited. 


576 


THE    MECHANICAL  ENGINEER. 


[June  19，  1914 


CONTROLLING  DEVICES  FOR  LOCOMOTIVE  CYLINDERS. 

The  accompanying  illustrations  show  a  by-pass  controlling 
device  especially  applicable  to  the  cylinders  of  locomotives, 
the  invention  of  H.  A.  Stenning  and  Schmidt's  Superheating 
Company  (1910)，  Ltd"  '28,  Victoria  Street,  London,  S.W. 
Fig.  1  shows  the  general  arrangement  as  applied  to  the 
cylinders  of  a  locomotive,  while  Fig.  2  shows  a  cross-section 
through  the  by-pass  controlling  device,  which  is  connected 
by  means  of  pipes  A  and  B  to  the  front  and  back  cylinder 
covers,  respectively.  The  device  is  arranged  so  that  the  pas- 
sages F  and  G  leading  to  the  connections  A  and  B  are 
disposed  one  above  the  other,  communication  between  these 
passages  being  effected  by  the  operation  of  a  valve,  the  work- 
ing face  D  of  which  co-acts 
with  a  valve  seat  E.  The  valve 
spindle  carries  at  its  upper  end 
a  circular  enlargement  H， 
which  acts  as  a  piston.  The 
enlarged  end  of  the  valve  is 
disposed  in  a  chamber  K，  the 
top  of  which  is  placed  in  com- 
munication with  the  steam 
chest  or  main  steam  pipe  by 
the  pipe  connection  L.  The 
under  side  of  the  enlargement 
is  connected  to  a  supply  of 
steam  independently  of  the 
main  steam  pipe,  and  pre- 
ferably to  the  boiler  steam  cock 
by  the  pipe  M.  In  some  cases 
the  bottom  of  the  controlling 
device  is  provided  with  an  out- 
let to  the  atmosphere,  and  is 
controlled  by  a  relief  valve  N， 
attached  loosely  to  a  sliort 
spindle. 

The  operation  of  the  device  is  as  follows  ：  When  the  regu- 
lator is  in  such  a  position  that  steam  is  being  admitted  to  the 
engine  cylinders,  the  connection  I.  on  the  top  of  the  device 
admits  steam  from  the  main  steam  pipe  or  the  valve  chest  to 
the  upper  side  of  the  piston  H.  Steam  from  the  boiler  will 
also  be  admitted  below  the  piston,  directly  from  the  boiler 
cock,  by  the  pipe  M，  but  as  the  area  beneath  the  piston  is 
less  than  the  area  above  the  same  by  the  area  of  the  spindle, 
the  valve  face  D  is  forced  upon  its  seat,  and  no  connection 
is  made  between  the  front  and  back  ends  of  the  cylinder  by 
means  of  the  by-pass.  If，  however,  the  regulator  is  closed, 
the  steam  pressure  on  the  upper  side  of  tlie  piston  is  with- 
drawn, and  steam  from  the  boiler  cock  entering  below  the 
piston  by  the  pipe  M  will  force  the  piston  upwards,  lifting 
tlie  valve  face  I)  off  its  seat,  and  allowing  communication  to 
be  effected  between  the  front  and  back  ends  of  the  cylinder 
by  means  of  the  by-pass,  thus  equalising  tlie  pressure  on  the 
piston  in  the  engine  cylinder. 

In  those  cases  in  which  a  relief  valve  N  is  provided  for 
the  purpose  of  placing  the  by-pass  in  communication  with  the 
atmosphere,  the  operation  of  the  valve  for  effecting  communi- 
cation between  the  front  and  back  ends  of  the  cylinder  will 
simultaneously  open  the  relief  valve  and  connect  the  by-pass 
with  tlie  atmosphere.  Further,  in  the  event  of  water  accu- 
mulating in  the  cylinders,  the  engine  piston  as  it  moves 
towards  the  end  of  its  stroke  exerts  pressure  on  the  water, 
and  when  the  pressure  is  sufficient,  will  force  the  valve  up 
against  the  steam  pressure  on  its  enlarged  end,  and  open  the 
relief  valve  communicating  with  the  atmosphere.  The  water 
in  the  cylinder  will  thus  automatically  escape. 

The  device  is  especially  suitable  when  used  in  conjunction 
with  locomotives  provided  with  superheaters,  in  which  a  small 
supply  of  steam  is  allowed  to  circulate  through  the  super- 
heater elements  when  the  main  supply  of  steam  to  the  engine 
cylinders  is  cut  off.  In  this  case,  as  shown  in  Fig.  1，  connec- 
tion is  made  by  means  of  a  pipe  O  between  the  space  beneath 
the  piston  of  the  controlling  device  and  the  saturated  cham- 
ber P  of  the  ,su  peril  eater,  so  that  the  steam  from  the  boiler 
cock,  as  well  as  operating  ou  the  piston  H  of  the  controlling 


device,  may  also  pass  to  the  superheater  elements  and  prevent 
overheating  of  the  same  when  the  regulator  is  closed.  The 
steam,  after  circulating  through  the  superheater  elements, 
passes  through  the  steam  chest  and  cylinders,  and  finally  to 
the  atmosphere  by  the  relief  valve  N.  Each  cylinder  is  pro- 
vided with  the  controlling  device,  the  connection  being  such 
that  all  the  controlling  devices  are  operated  simultaneously. 
The  connection  to  the  saturated  chamber  of  the  superheater 
may  be  made  from  only  one  or  all  of  the  controlling  devices  as 
desired. 

By  means  of  the  above-described  arrangement  the  by-pass 
valve  is  held  positively  in  an  open  position  by  the  steam  from 
the  boiler  cock  acting  below  the  piston  H,  so  that  when  the 
engine  is  stationary  and  steam  is  passed  through  tlie  super- 
heater tubes  to  prevent  them  overheating,  pressure  cannot 


Fig. 

accumulate  in  the  engine  cylinders,  and  consequently  there 
will  be  no  danger  of  creeping  of  the  engine  taking  place. 

In  some  cases  the  steam  passing  through  the  pipe  M  is 
utilised  to  operate  the  blower  by  leading  a  branch  pipe  Q  to 
a  cock  R，  and  thence  by  means  of  a  pipe  S  to  the  blower  T. 
By  employing  this  arrangement  it  will  be  necessary  for  tlie 
boiler  cock  to  be  opened  before  the  blower  can  be  put  into 
ojirrnt  ion.  As  the  steam  from  the  boiler  cock  operates  the  by- 
j)ass  control  valve,  and  also  passes  through  the  superheaier 
tubes,  the  blower  cannot  be  put  into  operation  with  the  regu- 
];it or  in  the  closed  position  without  the  by-pass  being  opened 
and  steam  being  circulated  through  the  superheater  tubes. 
The  danger  of  overheating  the  superheater  tubes  when  getting 
up  steam  with  the  blower  in  operation  is  thus  avoided. 

OIL  BURNER  FOR  LOCOMOTIVES. 

A  design  of  oil  burner  which  is  being  applied  to  20  loco- 
motives on  the  Esquimalt  and  Naniamo  Railway,  Vancouver 
Island,  B.C.,  is  shown  in  the  accompanying  sectional  views 
reproduced  from  the  "  Railway  Review."  The  distinguishing 
feature  of  this  burner  is  noted  in  the  form  of 】ip  over  which 
the  steam  passes  and  whereby  the  shape  of  the  flame  is  deter- 
mined.     Instead    of   being   straight,    as   ou   most  burners 
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Oil  Buiinku  iou  Ijocomotive  Boileiis. 

hitherto  tried,  the  orifice  in  this  case  takes  the  form  of  an  arc 
of  a  circle  which -so  shapes  the  flame  that,  in  effect,  a  greater 
area  is  made  available  for  radiation  against  the  side  sheets  of 
the  firebox.  The  extent  to  which  this  modification  is 
beneficial  is,  our  contemporary  states,  indicated  by  the  fact 
that  in  a  recent  trial  on  the  lines  of  the  Canadian  Pacific 
Railway  this  burner  evaporated  10  per  cent,  more  water  per 
gallon  of  fuel  and  consumed  10  per  cent,  less  oil  per  1,000 
ton-miles  than  did  the  straight  lipped  burner  against  which 
it  was  tried. 


Fig. 


-Sheffield  Corporation  ELECTitic  Power  Gkn  era  ting  Station.  Ijl.vn. 


of  the  station.  In  Sheffield  the  cost  of  carting  has  increased 
no  less  than  40  per  cent,  within  the  last  few  years.  This 
increased  expense  can  quite  appreciably  increase  the  cost  per 
unit,  and  when  one  arrives  at  a  certain  point  in  this  cost  of 
removing  ashes  it  is  necessary  to  take  into  consideration 
whether  it  is  not  worth  while  to  buy  a  high-priced  coal  with 
a  minimum  percentage  of  ash,  say,  4  or  5  per  cent.,  instead  of 
the  cheaper  class  of  engine  slack  with  its  10  per  cent,  to  15  per 
cent,  of  ash.  The  author  has  lately  gone  to  considerable 
expenditure  to  deal  with  ashes.  A  lease  of  a  valley  adjacent 
to  the  power  house  has  been  obtained  and  a  steel  bridge 
erected  for  guard  purposes  over  the  main  line  of  the  railway. 
A  ropeway  200  yards  long  has  been  installed,  capable  of 
dealing  with  20  tons  of  ashes  per  hour.  This  method  of 
dealing  with  the  ashes  was  arrived  at  after  investigating  tin* 
uiulennentioned  alternative  sclieinos,  which  worked  out  as 
follows  : — 

Disposal  of  Ashes.  s.  d. 

Railway   2    9^  per  ton. 

Cartage    1  11  ，， 

Ropeway   •   1    3  ，， 

No.  3.  Dealing  with  the  facilities  for  i^ott  ing  in  coal,  it 
is  advantageous  to  choose  a  site  having  a  high  level  siding,  so 

*  Abstract  of  paper  presented  at  tlie  annual  convention  of  the  Incorporated 
Municipal  Electrical  Association,  Birmin^liani,  Juno.  1914. 


out  of  the  original  boiler-bouse.  The  present  equipment  of 
the  boiler-house  consists  of  11  water-tube  boilers  of  the  follow- 
ing capacities,  three  more  boilers  being  under  construction  to 
be  erected  for  next  winter's  load. 


Heating  surface   

(J  rate  area  

Normal  evaporation  of  w  atn- 

per  hour   

Steam  drums   


Mud  iln 

Number 
Stokers 


tf  t uIm's 


Nos.  1  to  4. 

Nos.  5  to  8. 

Nos.  9  to  11. 

I>.2  10  sq.ft. 

8,016  sq.  ft. 

9,011  sq.  ft. 

80  sq.  ft. 

1-U  sq.  ft. 

192  sq.  ft. 

:J5.WM)|bs. 

48.0001bs. 

3  of  3'  6* 

3  of  4'  0* 

3  of  4'  0* 

diam. 

diam. 

diam. 

2  of  3'  0* 

2  of  3'  0* 

2  of  3'  0' 

diam. 

diam. 

diam. 

r.\-2 

540 

648 

Bennis 

Cliain  grate 

Chain  grate 

and  um"  rf，"l 

The  boiler-house  is  provided  witli  two  pump  rooms.  No.  1 
contains  ：  Four  feed  pumps  of  the  long  stroke  vertical  com- 
pound double-acting  type,  tliree  having  a  capacity  of 
3,000  galls,  per  hour,  and  the  fourth  10,000  galls,  per  hour. 
Tliree  live  steam  feed -water  heaters,  capable  of  raising  the 
temperature  of  the  feed  water  from  85°  to  135°  Fah.  No.  2 
Foil r  feed  pumps  of  a  similar  type,  with  a  capacity 
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DESIGN  AND  OPERATION  OF  MODERN  BOILER-HOUSE 
PLANT, 

BY  S.  E.  FKDDEN,  CIUKF  KLKC  TRICAL  KNCMNKKR  OF   T1IK  CORPORA- 
TION OF  SHEFFIKLD. 

Thk  main  points  to  consider  iu  t lie  laying  d own  of  a  steam- 
driven  power  station  are  :  (1)  Adequate  supply  oi'  water  lor 
condensing  purposes.  (2)  Ample  facilities  tor  dealing  wit  li 
ashes.  (^)  Good  accoinaioclation  for  getting  in  ； iml  slorii)^ 
coal. 

There  is  no  need  to  deal  witli  No.  1，  as  it  is  beyond  I  he 
province  of  this  paper.  No.  2,  liowovei-,  is  l)ecoming  a  very 
serious  source  of  expense  and  coikhm  u  in  large  cities,  because 
of  the  (liiliruItT       nM  ainiii^  t  i|is  wil  liin  ； i  reasonable  distance 


fliaf  t  hfi  trucks  rofne  in  straight  ofT  the  railway  over  the  top 
t  lio  hunkors,  thereby  tloing  away  witli  the  expfMise  of 
installing  ； hhI  rum 山 i"'  coal  ronveyers.  This  should  be  self- 
evident,  as  it  costs  much  less  to  elevate  the  5  per  cent,  to 
10  per  cent .  of  ashes,  1  halt  to  handle  t  lie  full  quantity  o\'  coal, 
in  ； nU\i\  ion  lo  I  he  pi ohahility  of  having  to  lift  the  ashes  a^ain. 
N<'c])scrul  power-lxjuse  is  arranged  on  this  plan.  Tli，'  '  ：i|'n;il 
cost  per  kilowatt  for  the  first  section  of  the  station  ■  below 
£10，  including  llio  cost  ol"  hind  .i iu!  sidiiiL's. 

It  will  be  seen  from  the  accompanying  illustrations  that 
altliou^li  the  turhines  are  widely  spaced,  the  boilers  have  to 
I"'  '  r;unpe(l，  in  order  to  obtain  the  necessary  amount  of  steam. 
The  original  plan  of  boilers  in  line  wit  li  t  he  en^ine-rooiM  liad 
to  be  amended,  and  t \io  boilers  placed  in  a  t  ransept  running 
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of  10,000  galls,  each  per  hour.  One  rotary  feed  pump,  motor 
driven,  with  a  capacity  of  20,000  galls,  per  hour.  One  motor- 
driven  centrifugal  pump,  with  a  capacity  of  10,000  galls,  per 
hour.  The  duties  of  this  pump  are  of  a  three-fold  natm  e  ： 
(1)  In  the  event  of  the  town  water  supply  being  cut  off,  water 
can  be  pumped  from  the  river  direct  to  the  overhead  feed 
tank.  (2)  It  can  be  connected  to  the  existing  water  service 
mains  where  the  town  suj>ply  is  not  available  to  provide  a 
supply  of  water  for  fire  purposes.  (3)  Economy  is  effected  by 
using  the  river  water  in  place  of  town  water  for  cleaning  out 
the  boilers.    Five  live  steam  feed -water  heaters. 

An  overhead  tank  is  fixed  above  each  pump-room,  the 
capacity  for  No.  1  pump-room  being  20,000  galls.,  and  No.  2 
pump-room  25,000  galls.  The  exhaust  steam  from  each  steam 
feed  pump  is  led  to  the  overhead  feed-water  tank,  the  exhaust 
pipe  having  a  silencer  fitted.  It  is,  however,  essential  that 
great  care  should  be  exercised  to  prevent  oil  getting  into  the 
economisers  and  boilers. 

The  whole  of  the  steam  piping  is  wrought  steel  lap  welded, 
with  cast-steel  tee  pieces.  The  valves  and  by-passes  are  also 
of  cast  steel  suitable  for  use  with  superheated  steam .  The 
steam  pipe  is  lOin.  and  12in.  diam .  single  main,  and  runs  the 
whole  length  of  the  boiler-house.      The  turbines  and  boilers 


water  supply.  If  good  water  is  not  available  it  should  be 
treated  at  any  reasonable  cost  before  it  goes  into  tlie 
economiser  or  boiler,  and  if  it  is  very  cold,  say,  below 
80°  Fall.,  the  temperature  should  be  increased  to  110°  Fah., 
even  though  live  steam  feed-water  heaters  are  installed 
to  effect  this.  Many  engineers  argue  that  warming 
water  by  live  steam  is  economical  and  saves  coal,  but  that  has 
never  been  proved  to  the  author,  although  he  concedes  this, 
that  any  loss  incurred  by  heating  the  feed  wat  er  In.  live  steam 
is  wfell  and  amply  repaid  in  the  saving  of  repairs  to  the 
economiser  and  boiler  tubes,  and  therefore  is  a  saving  of 
capital  expenditure  which  would  otherwise  be  required  for 
extra  economisers  and  boilers  as  spares.  The  author  supports 
this  contention  from  actual  experience. 

The  live  steam  feed-water  heaters  which  the  author  has 
had  in  use  for  some  years  have  been  those  fitted  with  a  patent 
indented  tube.  This  is  made  by  taking  a  plain  round  tube 
and  indenting  it  in  a  regular  manner  at  right  angles,  so  that 
fluid  passing  through  the  tube  is  thoroughly  broken  up  and 
diverted  into  contact  with  a  large  amount  of  impinging 
surface.  It  is  claimed  that  a  tube  so  indented  has  increased 
the  heat  transmitting  properties  in  excess  of  an  ordinary  plain 
round  tube,  as  the  breaking  up  of  the  centre  core  of  the  tube 


Fig.  2.— Sheffield  Corporation  ：  Electric  Power  Generating  Station.   Section  on  Line  A— A  op  Fig.  1. 


are  connected  to  the  main  steam  pipe  by  single  connections, 
and  the  steam  of  the  feed  pumps  only  having  a  ring  main. 
The  water  mains  are  of  cast  iron  6in.  diam.  with  flanges 
bracketed.  There  are  two  main  feed  pipes,  hot  and  cold, 
running  the  whole  length  of  the  boiler-house,  and  these  mains 
are  interconnected  by  valves  so  that  if  a  fracture  occurs  either 
main  can  be  put  into  commission.  Further,  the  pipes  are 
arranged  in  standard  lengths  as  far  as  possible,  so  that  a 
fractured  pipe  can  be  readily  replaced.  Expansion  pipes  are 
provided  by  means  of  copper  bends  in  both  mains,  and 
additional  precautions  are  made  by  having  copper  bends  in 
each  branch  connection  to  the  boilers  and  economisers.  The 
steam  and  feed -water  mains  are  carried  on  roller  supports 
whenever  possible,  and  sling  supports  in  other  positions. 

Provision  is  made  for  a  three  weeks'  supply  of  coal  opposite 
each  boiler  on  the  siding  level,  and  each  boiler  lias  a  shoot 
holding  about  100  tons  of  coal,  which  feeds  by  gravity  into 
the  mechanical  stoker  hopper.  At  the  top  of  these  shoots, 
and,  in  fact,  between  all  the  railway  lines  over  the  bunkers, 
is  provided  a  steel  grid  to  prevent  any  large  lumps  getting 
through.  Bottom-emptying  trucks  are  brought  directly  over 
these  shoots,  and,  with  the  exception  of  trimming  from  the 
extreme  corners  of  the  trucks,  the  major  portion  of  the  coal 
is  never  handled  from  the  time  of  putting  it  in  the  trucks  at 
the  colliery  until  it  is  taken  hold  of  by  the  mechanical  stokers. 
The  shoots  are  fitted  with  measuring  chambers  and  indicating 
gear,  and  the  coal  is  led  through  breeches  pieces  to  the  stoker 
hoppers. 

The  next  important  item  in  regard  to  a  boiler-house  is  the 


increases  the  velocity  of  the  steam  through  it  and  keeps  the 
steam  in  active  contact  with  the  copper.  I  may  say  that  I 
have  had  some  years'  satisfactory  use  of  live  steam  feed-water 
heaters  fitted  with  this  patent  tube. 

In  dealing  with  the  boiler-house  itself,  this  should  be  made 
roomy,  high,  well  ventilated,  and  as  light  as  possible,  ami 
ample  room  should  be  provided  both  under  the  stokers  and  in 
front  of  the  boilers.  Further,  the  ash  disposal  arrangements 
should'  be  such  that  the  ashes  can  be  lifted  from  two  or  three 
points  in  the  ashes  trench,  and  whether  rails,  trucks,  elevator, 
or  suction  plant  be  employed,  it  is  well  not  to  be  absolutely 
dependent  on  any  one  of  these,  but  openings  should  be  left  in 
the  boiler-house  floor  covered  with  plates,  so  that  the  ashes 
can  in  an  emergency  be  taken  away  by  carts  driven  into  the 
boiler-house  firing  level  or  underneath  if  the  lay-out  will 
allow.  At  Neepsend  the  ashes  are  elevated  to  an  overhead 
hopper  and  taken  away  to  the  tip  ground  by  a  bucket 
ropeway. 

A  suction  asli  plant  is  about  to  be  put  in  for  all  new  boilers 
and  eventually  for  the  old  ones  by  which  the  author  expects 
to  save  considerable  labour,  and  also  do  away  with  much  dirt 
and  dust  besides  causing  the  atmosphere  in  the  ashes  trench 
to  be  less  vitiated  by  the  fumes,  also  to  clean  soot  from  soot 
chambers  and  economisers,  thus  reducing  the  amount  cf 
manual  labour.  The  system  of  suction  plant  has  been  fully 
described  within  the  last  year  or  two,  and  I  feel  there,  is  no 
need  for  a  further  description.  However,  manufacturers' 
opinions  seem  to  differ  very  considerably  as  to  the  means  of 
conveying  the  ashes  and  gritty  matter  by  pipes  to  the  receiv- 
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ing  ('liaml)er.  Some  rocommeiul  u  hlovver  of  ilie  Hoots  1  y|»f\ 
whilo  ot  hers  recommend  ;t  continuous  suet  ion  hv  nicaus  of  a 
mot or-d riven  fan.  A  similar  (lin'rrcm'c  of  opiiiioii  appears  io 
exist  as  to  the  ； itlvisabilit  y  of  int  roducin^  ； l  vent  ilal  ini^  plant 
into  t  he  suet  ion  circuil  so  ； is  t  o  exclude  the  fine  part  iclcs  of 
dust  fi'oin  the  veins  or  slides  which  would  he  (jiiirkl y  scored 
away. 

As  to  the  type  of  boiler  io  be  used  very  little  can  be  said. 
Circumstances  force  careful  engineers  to  use  pract ically  oik* 
of  live  or  six  types  in  t  liis  couni  rv,  and  of  course  tliw  arc  of 
tlie  wuter-t  ube  type.  Tl">r('  is  vi'rv  little  to  cliooso  bet  we(Mt 
tliem  ；  they  all  want  ^ood  water.  The  ； iiit  hor  t  hiriks  t  hai 
from  experience  the  boilers  made  in  t his  country  are  of  first- 
class  design  and  woi'kniaiishiji,  an<j  \v i  1 1 1  duo  cai'c  t  lie  cosi  ',t' 
inainteiiance  sliould  not  be  her  vv.  Tl"'  ； tut  hor  is  in  t'.ivoiir 
ol"  the  vertical  t  ul»e  hoilcr,  huvino-  experienced  very  good 
results  from  tliis  type,  other  engineers  have  no  douhf 

obtained  equally  ^nod  results  I'l'mii  I  he  liori/onl ;t I  1  uIxmJ 
l>oilei's. 

The  aim  of  ； ill  oni>ineers  is  to  get  the  maxiuiiun  evapora- 
tion out  of  the  smallest  floor  space.  This  means  a  large  grate 
ar('u  a  lid  the  lniniini(  of  as 出 u('li  (oal  as  jiossihle  |"'r  square 


At  251l)H.  of  coal  (rough  engine  sl'u  k)  per  "juarft  foot 
grate  area. 

Mvjiporai  ion  |»<»r  s«|iia ro  foot  of  heat  in^  surface  'J.r>lhs. 

I ii-^oin^  gases  to  ocononiiscr    Fah . 

()ut  going  gases  from  ccoiioiniser    'M)i)' 

though  il  is  (|iiite  possible  to  l)in  n  the  same  (，lasH  of  coal  tip 
to  .'iOlbs.  per  square  foot  of  grate  aroa  with  good  economy. 

With  regartJ  io  (  lie  rat  ini(  of  t  In*  wat  t-i  t  iiIk*  I'oilcrs  it  is  ； i 
mat  i  f*r  of  roiimmii  k nowl«'(|uc  t  h;it  t  he  rat  t*  of  «*va|xjrat  ion  in 
(  he  iioi^lihourliood  of  t  ho  t'urnaco  is  v('rv  lii^li  ronipar^d  wit  li 
other  parts  of  the  boiler.  As  tlie  rate  of  eoiiihu.stiou  iiK  reases 
so  does  the  rate  of  evaporation  with  the  same  size  of  I'oiler. 
The  author  has  noticed  that  inanufact  urers  have  put  forward 
for  dilYerent  capacities  similar  sizes  ol'  l",il,'rs，  hut  wit  li  stokfi  - 
having  a  larger  grate  area  so  that  some  staiulard  as  to  rat in^ 
should  )>e  adopted.  Tlie  standard  julopted  )>y  the  electric 
supply  department  at  Sheffield  is  tluit  the  normal  evaporation 
slioukl  he  obtained  by  burning  251H)s.  per  square  foot  of  lm  at** 
area  with  a  chain  grate  stoker  burning  engine  slack. 

The  author  has  lately  installed  some  8ft. ，  Class  K.  under- 
feed stokers  to  two  water-tube  boilers  fitted  with  both  forced 
;i nd  imlu('f'<l  draught .    The  boilers  w**i  *'  spf ciiif*<|  to  evaporate 


Fig.  3.— Sheffield  Coiipo ration  Electric  Power  Generating  Station.   Section  on  Line  B— B  of  Fig.  1. 


foot  of  grate  area.  There  is，  of  course,  an  economic  limit  to 
this  high  rate  of  combustion  both  as  regards  efficiency  and 
maintenance,  but  it  is  very  comforting  to  feel  that  boilers  can 
be  pushed  to  40  or  50  per  cent .  above  their  normal  working 
load  in  case  of  emergency.  In  the  event  of  a  very  high  rate 
of  combustion  becoming  general  and  proving  itself  satis- 
factory, there  will  have  to  be  a  re-designing  of  the  boiler 
combination  by  the  adoption  of  larger  economisers,  super- 
heaters, flues,  feed  pipes,  steam  pipes,  fans,  coal  bunkers,  ash 
disposal  arrangements. 

However,  the  size  of  the  boiler  and  the  amount  o(  steam 
required  per  square  foot  of  ground  is  governed  to  a  certain 
extent  by  circumstances,  and  the  money  available  for  the 
installation,  and  engineers  must  consider  each  case  on  its 
merits.  If  land  is  scarce  an  economiser  raised  above  the 
outlet  clamper  of  the  boiler  lias  iiiuch  to  recommend  it,  as  of 
course  there  is  then  no,  check  to  the  natural  flow  of  the  gases. 
As  an  ofYset  to  this,  however,  additional  expenditure  is 
iiu'arred  in  steelwork  to  support  the  economiser,  and  also  in 
the  building  of  a  hi^li  boiler-house,  and  it  may  cause  a  con- 
siderable reduction  in  the  capacity  of  the  overlieatl  coal 
l>\uikers.  The  author  considers  with  his  j)resont  knowledge 
that  tlie  best  over-all  efficiency  and  least  inaint (Miaiu-f  卜 
obtained  by  running  tlie  following'  coiiil)ination  ： ― 

Water-tube  boilers. 
Economiser. 
Chain-grate  stokers. 
Induced  fan  draughts. 


35，0001bs.  of  steam  each  from  and  at  212°  Fall.  The  combina- 
tion is  as  follows  ： ― 

Water-tube  boilers. 

Economisers. 

Underfeed  stokers. 

Induced-draught    fan,    H.P.     on    load    55,  giving 

13in.  draught. 
Forced-draught  fan,   H.P.   on    load   30，   giving  2in. 

draught. 

Normal  coal  per  square  foot  of  grate  area,  33*51bs. 
Evaporation  per  square  foot  of  heating  surface,  5  25. 
I  n-going  gases  to  economiser,  518°  Fah. 
Out-going  gases  from  economiser,  290°  Fah. 

The  results  are :  Burning  up  to  471bs.  of  coal  per  square 
foot  of  grate  area  under  the  above  working  conditions  the 
boiler  evaporated  58，0001bs.  of  water  per  hour  from  and  at 
212°  Fah.,  but  the  heat  of  the  brickwork  was  so  intense  after 
the  first  bourns  run  that  the  rate  of  burning  was  reduced  to 
381bs.  per  square  foot  of  grate  area.  The  superheater  was  not 
designed  to  deal  with  this  large  amount  of  steam,  the  tempe- 
rature being  reduced  from  150°  under  normal  conditions  to 
1 10°  Fah.  The  author  thinks  tliat  this  combination  has  a 
great  future  before  it  and  its  limit  will  be  deterinined  by  the 
ability  of  the  brickwork,  *fec.，  to  withstand  the  intense  heat 
generated  in  the  furnace  with  the  above  conditions. 

Another  important  consideration  is  the  form  of  draught 
to  be  employed,  natural,  induced,  Piatt's,  or  forced.  There 
are  many  claims  that  the  natural  dranglit  system  is  the  right 
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aiu)  most  economical  one,  but  it  lacks  flexibility,  and  makes  it 
so  dependent  on  atmospheric  conditions,  good  coal,  &c.，  and 
many  instances  are  recorded  where  generating  stations  have 
been  started  with  high  brick  chimneys,  where  at  a  later  date 
fans  have  had  to  be  added  to  secure  the  necessary  flexibility 
and  draught. 

The  author  is  a  believer  in  mechanical  induced  draught, 
and  when  considering  the  problem  strongly  advocates  that 
care  should  be  exercised  to  install  a  fan  or  fans  capable  of 


to  install  a  certain  proportion  of  the  old  reliable  chain  grate, 
which  has  proved  satisfactory  over  a  long  series  of  years,  and 
the  remaining  portion  of  the  newer  type,  which,  while  being 
excellent  from  results  obtained  in  a  comparatively  short  time, 
has  yet  to  prove  its  superiority  over  a  longer  period. 

The  chief  points  to  consider  in  the  operations  of  the  boiler- 
house  are :  (1)  Organisation.  (2)  Coal.  (3)  Water.  (4) 
Maintenance  of  plant.  (5)  Operating  costs.  (6)  Records, 
tests. 


CITY  OF  SHEFFIELD— ELECTRIC  SUPPLY  DEPARTMENT. 
Comparative  Statement  of  Works  Costs ― Week  ending  April  30th,  1913. 


Particulars. 


Units  generated  

Tons.   CAvts.  Qr? 

Coal  :  Neepsend    634       0  0 

Sheaf  Street    77       5  3 

711       5  3 

Ashes  

Gallons. 

Water  ：  Neepsend    78,260 

Sheaf  Street   120,700 

198,960 

Oil,  Waste,  and  Stores   

Salaries  and  Wages  

Engine-room  Equipment  

Boiler-house  Equipment  

Buildings   

Sundries  

Lighting  and  Po、ver   

Total  Works  Cost   

Maximum  demand   k、v 

T     ，  «  Units  x  100 

Load 上 actor  ^ ~ ；  ¥  1   

Maximum  Loaa  x  24  x  7 

Current  used  on  Works  


Neepsend. 


532,500 


£    s.  d. 


240  7  10 
10  17  8 

2    2  6 


7(i 

25 
1 

3 

59 


14 
15 

11 
11 
18 
19 


42：.  19  2 


Cost  per  unit. 


•00 


•00 
•03 


■04 


18 


8,331 
38-05 
23,527 


Sheaf  Street. 


33,170 


£    s.    d.     Cost  per  unit, 


35  8  2 
2  18  8 


3 

4 

3 

4 

0 

10 

29 

18 

1 

8 

8 

5 

3    3  11 


5 


•28 


•02 

•02 
•22 


•07 


Combined  Station". 


565,670 


£    s.    d.     Cost  per  unit. 


•61 


1,611 
12-26 
807 


275  16  0 
13  Hi  4 


5    6  9 


8 
106 
1 

30 
1 

3 
63 


511  6 


12 


•00 

•01 
•05 


•04 


•22 


9,942 
33-87 
24,334 


dealing  with  the  worst  atmospheric  conditions  and  of  dealing 
with  sufficient  gases  for  the  maximum  possible  overload  of  the 
plant.  Regarding  the  hot  versus  cold  air  systems  of  induced 
draught,  it  would  appear  that  the  latter  should  be  the  more 
economical,  owing  to  the  smaller  power  said  to  be  required 
to  deal  with  the  lesser  volume.  The  author  investigated  this 
matter  some  three  or  four  years  ago,  but  could  not  satisfy 
himself  that  there  was  any  very  great  benefit  to  be  derived, 
besides  which  the  cold  air  injector  was  expensive  to  manu- 
facture and  renew. 

A  decision  with  regard  to  the  type  of  mechanical  stokers 
is  difficult  to  arrive  at.  The  ideal  stoker  should  be  able  to 
deal  with  clean  nuts  or  smudge,  should  be  able  to  get  to  full 
duty  from  banked  fires  in  the  shortest  possible  time,  should 
be  capable  of  doing  50  per  cent,  above  its  normal  duty  for 
short  periods  in  case  of  emergency,  should  consume  all  com- 
bustible matter  fed  on  to  it  with  the  most  efficient  percentage 
of  C02，  should  be  smokeless  under  all  conditions,  besides  which 
it  must  be  strongly  built,  reliable,  and  easy  of  access  for  the 
repair  of  the  working  parts  or  the  renewal  of  the  bars. 

These  conditions  are,  of  course,  difficult  of  attainment  in 
one  stoker.  For  small  grates  there  are  many  good  and 
reliable  stokers  on  the  market  in  Britain,  but  with  the  larger 
grates  now  required  the  choice  is  focussed  down  to  two  or 
three.  The  chain  grate  has  in  the  past  done  yeoman  work, 
but  it  has  its  weak  points,  such  as  the  difficulty  of  burning 
mixed  slack  and  the  difficulty  of  keeping  an  even  covered 
grate,  the  prevention  of  unburnt  coal  being  dumped,  the  extra 
labour  in  handling  riddlings  which  filter  through  the  grate 
before  coking  takes  place,  and  it  is  unable  to  comply  with 
many  of  the  requirements  set  out  above.  However,  when  the 
improvements  now  being  carried  out  on  it  are  perfected  and 
prove  satisfactory  in  working,  no  doubt  it  will  come  much 
nearer  to  the  ideal.  The  underfeed  stoker,  which  has  recently 
been  enlarged  and  strengthened  in  its  】neclianieal  parts,  has 
proved  itself,  from  the  authoi 's  experience  during  the  last 
18  months,  most  satisfactory,  and  complies  more  nearly  with 
the  conditions  before  mentioned.  The  author  therefore  con- 
siders that  the  safest  arrangement  for  a  large  boiler-house  is 


Dealing  with  organisation,  the  following  chart  gives  an 
arrangement  which  the  author  has  found  to  work  efficiently 
when  the  total  evaporation  is  approximately  250,000Ibs.  per 
hour. 

Neepsend. 

Station 
Superintendent. 


Assistant 
Superintendent. 


Engine 
Room. 


Boiler  House 
Running 
Foreman. 


Leading 
riremen. 


Stokers. 


Ash  and 

Coal 
Trimmers. 


Labourers. 


Boiler  Hou?e 
Repair 
Foreman. 


1st  class 
Fitters. 


2nd  class 
Fitters. 


Labourers. 


Labourers. 

The  duties  of  the  superintending  staff  in  the  boiler-house 
are  as  follows  :  The  boiler- house  foreman  is  responsible  for  the 
efficient  working  of  the  boilers,  and  takes  daily  records  of  the 
coal  consumption  and  water  evaporation,  temperature  of  flue 
gases  and  C02>  .records  and  makes  periodical  tests  on  the 
boilers.  The  boiler-house  repair  foreman  works  in  conjunc- 
tion with  the  boiler-house  foreman,  and  is  responsible  for  the 
quick  repairs  to  the  boilers,  superheaters,  stoker,  and  econo- 
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misers,  feed  pumps,  and  other  auxiliary  plant.  A  clieinist  is 
now  engaged  to  carry  out  all  l)oilei-lioiiHe  testing. 

All  coal  delivered  to  the  station  is  weighed  on  a  wt-i^li 
bridge  and  either  deposil cd  in  t  he  coal  sliool s,  hunkers,  or  soul 
to  the  coal  storage  ground.  At  the  present  linie  there  ； m' 
3,000  tons  immediately  over  the  boilers  and  5，0(">  tons  on  1  In- 
coal  storage  ground.  The  method  of  storing  coal  (I*']km)<Is 
the  quality.  The  author  has  experimented  with  various 
qualities  and  finds  that  rough  slack  obtained  in  the  Yorksliirc 
district  and  stored  in  large  (iiiaiit  it  ies  is  subject  to  spontaneous 
combustion.  Consequently  notliing  but  screened  nuts  are 
now  being  laid  down  and  stored  in  500-ton  lots.  The  heaps 
are  ventilated  and  temperatures  taken  regularly.  1 11  t  liis  way 
it  is  anticipated  the  coal  may  be  left  in  the  open  tor  a  period 
of  years,  and  that  the  loss  of  calorific  value  will  l)e  only 
10  to  15  per  cent . 

With  regard  to  tlie  meiliod  of  chialin^  with  i ho  coal  for 
storage,  considerable  capital  expenditure  is  entailed  for 
handling,  and  is  ； i  matter  to  be  considered  in  the  near  future 
by  all  engineers  in  order  to  cope  with  emergency  caused 
through  strikes.  The  author  has  considered  schemes,  and  the 
capital  expenditure  works  out  at.  aiipioximaicly  1  Tts.  per  ion 
of  coal  stored  to  about  6ft.  high.  if，  however,  a  better  class 
of  fuel  be  purchased  and  the  height  increased,  the  cost  will  Ik' 
proportionately  less.  This  15s.  per  ton  of  coal  stored  includes 
for  the  provision  of  a  complete  scheme  for  delivering  the  coal 
from  the  wagons  on  to  the  storage  ground  and  back  again  into 
the  coal  bunkers  over  the  boiler. 

Another  system  of  storing  coal  where  spare  ground  space  is 
limited  is  to  erect  a  silo  and  install  the  Clayton  or  some 
similar  system  for  extinguishing  fire.  A  silo  can  be  built  to 
contain  two  or  three  thousand  tons  of  coal,  and,  after  filling 
it,  the  entrance  manholes  must  be  made  air-tight.  Through 
the  silo  pass  two  main  pipes  from  which  branch  pipes  can  lio 
taken  as  required.  These  main  pipes  connect  up  to  an 
installation  consisting  of  a  generator  cooler,  blower,  and 
engine.  The  blower  driven  by  the  engine  draws  air  from  the 
silo  along  one  of  the  main  pipes  into  the  generator,  where  the 
oxygen  of  the  air  combines  with  sulphur  by  combust  ion  and 
forms  a  mixture  of  nitrogen  and  sulplnir  <  f  i < » x  i *  I  < • .  The  gas 
is  drawn  through  the  cooler  into  tlie  l)lowet'，  which  then 
forces  it  along  a  main  delivery  pipe  back  into  the  same  com- 
partment from  which  the  air  is  drawn  by  suction.  The 
suction  and  delivery  of  gas  proceed  sirniiltaneoiislv,  ； nid,  as 
the  volume  withdrawn  is  equal  to  that  delivered,  there  is  no 
leakage  beyond  what  is  due  to  diffusion. 

For  the  extinction  of  fire  in  the  silo  it  is  not  suflicient  to 
merely  fill  up  the  silo  with  inert  gas  ；  efficient  means  must 
be  taken  to  get  rid  of  the  large  amount  of  heat  which  i  1 1 < 1 
coal  will  hold.  By  this  system,  after  the  fire  has  been  stopped 
by  the  introduction  of  gas,  the  generator  is  cut  out  of  circuit 
and  the  gas-laden  atmosphere  circulated  by  means  oi'  the 
suction  and  delivery  pipes  through  the  cooler,  until  the  tempe- 
rature of  the  coal  is  brought  down  to  normal.  Fresh  air  is 
then  admitted  whilst  this  cooling  process  is  continued,  so  that 
the  gas  is  gradually  dissipated  and  re-ignition  prevented. 
Experiments  are  also  now  being  carried  out  to  see  the  effect 
of  turning  a  portion  of  the  flue  gases  into  enclosed  bunkers 
in  which  coal  fires  occur.  The  coal  is  purchased  to  a  rigid 
specification,  and  if  the  calorific  value  on  delivery  is  1)('1"、、'  1 1 1 . ■ 
specified  amount  a  corresponding  reduction  is  made  in  the 
price* 

The  water  is  measured  by  a  recorder  and  this  instrument 
is  placed  between  the  overhead  hot  well  and  the  pumps,  so 
that  the  records  are  obtained  of  the  total  water  evaporated. 
Similarly  the  water  used  by  the  turbines  is  recorded,  and  the 
difTerence  in  the  two  readings  gives  the  loss,  after  making 
allowance  for  water  returned  from  steam  traps  and  the 
exhaust  from  the  feed  pumps.  Frequent  tests  are  taken  to 
ascertain  the  hardness  of  the  water,  and  the  degree  of  con- 
centration in  the  boilers.  No  softening  plant  is  required  as 
the  supply  for  make-up  contains  only  3°  of  hardness,  and  tliis 
figure  is  generally  less  in  the  winter  season. 

Complete  records  are  kept  on  a  card  system  as  to  the  cost 
of  maintenance  of  each  boiler  complete  with  stoker,  super- 
heater, and  economiser. 

Operating  Costs. ― A  copy  of  the  weekly  costs  sheet  ured  in 
Sheffield  is  given  on  page  580,  the  figures  being  the  actual 
figures  obtained  for  the  week  named. 

With  regard  to  the  suggestion  made  from  time  to  time 
lately,  that  large  electric  power  stations  should  be  equipped 


with  l)v  product  plants,  it  will,  of  course,  be  necessary  to  hear 
in  miad,  that  if  such  plants  were  installed  loi-  di、till"ig  the 
coal  and  making  gas  either  for  huriiiiig  under  the  boilers  or 
for  driving  a  gas  wigiue,  t  lie  capital  fxpoiidit  ure  per  kilowatt 

plant  innialled  would  liave  to  l>e  considerably  higher  than 
it  is  at  present,  in  an  ordinary  coal -fired  steam  turbine  station. 
In  view  of  this  larger  capital  ex|"'n<ii"ir''，  it  will  ho  "<  rf'、w、， 
to  carefully  arrive  at  the  percenta^o  of  t he  total  plant  wliicii 
could  be  economically  operated  by  means  of  the  fuel  obtained 
by  this  by-product  plant. 

In  looking  through  his  present  load  curves,  the  author 
arrives  at  a  figure  of  2,000  kw.  of  plant  installed  out  of  a  total 
of  25,000  kw.  It  would  appear,  therefore,  other  things  hein^ 
found  satisfactory,  that  it  might  be  economical  to  provide 
by-product  plant  for  about  8  per  cent,  of  the  tota】  plant  oi'  ； t 
power-house,  and  this  plant  should  be  run  at  practically  80  per 
cent,  load  factor  to  make  it  a  paying  proposition.  ( )i  i  ouiM*, 
if  such  a  thing  as  by-product  plant  be  attached  to  a  power- 
station,  a  much  larger  area  would  be  required,  and  this  in 
many  places  would  be  difficult  to  find  with  the  requisite 
facilities  as  regards  water,  co;\\,  iV<-. 

The  problem  of  high  superheat  is  looming  in  the  not  very 
distant  future,  and  engineers  and  manufacturers  will  have 
to  face  a  new  set  of  conditions,  when  a  dull  red  gas  is  being 
passed  through  the  steam  pipes  and  valves. 

Finally,  the  author  wishes  to  impress  on  all  the  great 
importance  of  a  present-day  boiler-house  and  plant  ；  it  is,  in 
fact,  of  paramount  importance,  where  more  money  can  be 
saved  than  anywhere  else  in  a  power  station,  by  employing 
and  paying  highly-trained  and  capable  men  who  can  briug 
scientific  knowledge  to  bear  on  the  many  important  .problems 
that  present  themselves  for  investigation. 


INSTITUTE  OF  MARINE  ENGINEERS. 

Visit  to  the  Works  of  Messrs.  J.  &  E.  Hall,  Ltd. 

On  Saturday,  June  6th ?  a  visit  was  paid  by  members  of  the 
Institute  of  Marine  Engineers  to  tlie  works  of  Messrs.  J.  &  E. 
丄 Iall，  Ltd.,  Dartford.  Founded  in  1 7 So,  tlie  niauufactures 
for  which  the  firm  originally  gained  a  reputation  included 
paj)er-niakin<^  machinery,  gunpowder  plant  ,  marine  and  beam 
engines,  elepliant  boilers",  and  all  classes  of  mill  work.  The 
first  trunk  engines  ever  made  were  designed  and  constructed 
at  the  Dartford  Ironworks,  and  as  long  ago  as  1836  a  pair  of 
60in.  beam  engines,  fitted  with  surface  condensers,  were 
designed  and  made  there  for  the  s.s.  "  Wilberforce."  The 
carbonic  anliyd ride  (C02)  refrigerat  ing  inacliines  for  marine 
and  land  work  were  introduced  by  them  iu  1888.  In  1910 
the  manufacture  of  ammonia  ioni[)rossion  machines  was 
added.  The  facilities  for  the  construction  of  these  raacliines, 
and  of  the  "  Hallfoi'd  "  heavy  motor-vehicles,  a  recent  and 
equally  successful  branch  of  the  conipanv's  activities,  are  of 
the  most  modern  description - 

In  the  pattern  shop,  plans  and  photographs  of  some  of 
the  larger  orders  in  hand  were  examined.  The  marine  type 
most  in  use  in  the  larger  vessels  is  the  duplex  machine,  fitted 
with  compound  steam  cylinders,  the  high-pressure  cylinder 
being  on  one  side  and  the  low-pressure  cylinder  on  the  other, 
with  a  steam  surface  condenser  in  the  front  part  of  the 
machine.  The  two  machines  are  so  arranged  that  either  both 
ddes  cau  be  worked  jointly,  or,  if  desired,  one  side  (viz.,  one 
compressor  with  its  condenser  and  evaporator)  cau  be  dis- 
connected and  the  other  side  worked  by  itself,  the  full 
advantage  and  jeconomy  of  the  compound  engine  being 
retained.  This  type  of  machine  is  designed  to  suit  the  limited 
height  of  the  'tween  decks,  the  largest  size  being  less  than 
7ft.  in  height.  • 

The  power  plant  consists  of  three  Lancashire  boilers,  two 
being  8ft.  by  28ft. ，  and  one  9ft.  by  28ft.  6in.  The  t、vo 
smaller  boilers  are  used  as  a  standby  for  heating  purposes  in 
winter  ；  the  larger  boiler  provides  all  the  steam  for  driving 
the  works.  It  was  made  by  Davy  Bros.,  of  Sheffield,  and  is 
fitted  with  their  system  of  balanced  draught,  with  an  air 
economiser,  superheater,  and  water  economiser.  It  easily 
evaporates  10,0001bs.  of  water  per  hour  from  180~  Fah.  to 
ISOlbs.  pressure  superheated  to  550°  Fah.  The  feed  water  is 
measured  bv  a  Lea  recorder.  Tliere  are  three  generating  sets, 
two  of  WiHans  &  Robiiisoii，s  central  valve  type  of  '220  kw. 
capacity  each,  which  act  as  a  standby.  The  main  set  is  bv 
Belliss  &  Moi'coi",  triple  expansion,  with  a  capacity  of  400  kw. 
In  addition,  there  are  two  motor  generators  for  working  off 
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the  town  supply,  and  two  rotary  transformers  for  electric 
welding.  For  testing  purposes  there  are  four  air  compressors, 
two  of  the  3-stage  type  compressing  to  95  atmospheres,  and 
two  low-pressure  type  compressing  to  lOOlbs.  per  square  inch. 

In  the  machine  and  erecting  shops,  which  naturally  cover 
the  larger  part  of  the  workshop  area,  the  various  stages  of 
construction  of  compressors,  condensers,  &c.，  were  seen.  In 
these  shops  are  some  of  the  best  types  of  modern  machines, 
including  a  large  hexagon  turret  lathe  and  semi-automatic 
lathes,  automatic  stud-making  and  other  machines.  The 
boring  machines  are  necessarily  of  good  construction,  the  com- 
pressors for  the  large  refrigerators  all  being  bored  out  of  the 
solid  steel  forgings.  High-speed  steel  is  used  for  the  cutting 
tools.  A  detail  of  interest  is  the  disc  safety  valve,  which  is 
an  important  feature  in  the  Hall  machines.  It  consists  of 
an  ordinary  spring  safety  valve,  at  the  base  of  which  is  a  thin 
copper  disc,  which  ruptures  when  the  pressures  come  below 
that  to  which  the  machine  as  a  whole  is  tested.  In  the 
coppersmith's  shop  the  method  of  brazing  the  pipes  in  the  con- 
struction of  the  grids  was  demonstrated,  also  the  various  tests 
to  which  the  copper  is  subjected.  End -joining  of  the  pipes 
by  electric  welding  was  also  shown,  this  method  having  been 
found  to  give  the  best  results  without  danger  of  swelling  or 
constriction  of  the  metal.  An  ingenious  pipe-bending 
machine,  designed  and  made  in  the  works,  was  also  inspected. 

After  visiting  the  foundry,  which  is  at  present  undergoing 
considerable  extensions,  the  party  was  conducted  through  the 
new  works  for  the  construction  of  motor-vehicles.  The 
machine  and  erecting  shops  are  under  one  roof,  the  stores 
being  placed  centrally  between  them.  In  addition  to  over- 
head cranes  in  each  bay,  the  whole  of  the  works  is  intersected 
by  a  system  of  light  tramways.  The  machine  tools  are  of  the 
most  modern  pattern,  highly  specialised  for  the  work, 
systematically  grouped  and  driven  by  electrically-operated 
line  shafting,  each  group  of  tools  having  its  own  drive. 
Capstan  and  other  lathes,  multiple-spindle  and  capstan  head 
drills,  milling  and  gear-cutting  machines  are  well  represented. 
Ample  provision  is  made  also  for  the  case-hardening  and  heat 
treatment  of  the  various  parts. 

An  interesting  demonstration  was  given  of  the  method 國 
which  the  efficiency  of  the  refrigerators  is  accurately  tested - 
The  party  was  afterwards  entertained  to  tea,  and  votes 
of  thanks  to  the  firm  and  to  the  gentlemen  under  whose 
guidance  the  visit  was  made  were  proposed  and  seconded  by 
Mr.  Jas.  Shanks  and  Mr.  E.  Seabury  respectively.  Mr. 
Willcox  and  Mr.  Buchanan  responded  on  behalf  of  the  firm. 


Royal  Institution. ― A  general  meeting  of  the  members  of 
the  Royal  Institution  was  held  on  the  8th  inst"  the  Duke  of 
Northumberland,  president,  in  the  chair.  Mr.  H.  B.  Hans 
Hamilton,  Sir  William  H.  Lever,  Bart.,  Mr.  Percy  St.  C. 
Matthey,  J.P.,  Mr.  H.  W.  P.  Matthey,  Miss  Matthey,  Mr. 
J.  F.  C.  Snell,  and  Mr.  T.  J.  Taylor  were  elected  members. 
The  secretary  announced  that  the  President  had  nominated 
the  following  gentlemen  as  vice-presidents  for  *the  ensuing 
year :  Lord  Blyth,  Mr.  J.  H.  Balfour-Browne,  Mr.  Charles 
Hawksley,  Dr.  Donald  Hood,  Lord  Moulton,  Mr.  E.  Pol- 
lock, Sir  James  Crich  ton-Browne  (treasurer),  and  Mr. 
Alexander  Siemens  (secretary). 

A  Null  Method  of  Testing  Vibration   Galvanometers. ― In  a 

paper  on  this  subject  read  by  Mr.  S.  Butterworth,  M.Sc.，  at 
a  recent  meeting  of  the  Physical  Society  of  London,  the 
author  pointed  out  that  the  methods  usually  employed  in  the 
determination  of  the  constants  of  a  vibration  galvanometer 
involved  the  measurement  of  a  deflection  under  three  different 
conditions.  Two  of  these  deflections  could  only  be  obtained 
very  approximately.  By  extending  the  theory  of  the  vibra- 
tion galvanometer  the  author  showed  how  the  constants  could 
be  determined  by  methods  which  involved  only  the  measure- 
ment of  one  deflection.  The  remaining  measurements  were 
carried  out  on  an  alternating-current  bridge,  and  the  results 
obtained  were  practically  independent  of  the  wave-form  of 
the  source.  The  principle  of  the  method  depended  on  the 
fact  that  a  vibration  galvanometer  behaved  as  a  parallel 
combination  of  a  conductance,  a  capacity  and  an  inductance, 
in  series  with  a  resistance.  He  showed  how  to  balance  such 
a  combination,  and  illustrated  the  method  experimentally. 
The  constants  of  various  galvanometers  were  quoted  in  order 
to  show  the  applicability  of  the  method. 


THE  CARE  AND  PROTECTION  OF  WIRE  ROPES. 

BY  L.  BALLIET. 

Wjke  rope  for  mine  hoisting  needs  proper  cars  and  atten- 
tion. When  purchasing  the  quality  of  the  rope  should  be 
considered  rather  than  the  price.  We  can  readily  appre- 
ciate that  the  winding  of  the  cable  around  the  drum,  tlie 
bending  of  the  cable  over  the  sheave,  and  every  swing,  jar, 
vibration  or  "  stretch  "  of  the  rope,  】iieans  friction  of  every 
strand  over  every  other  strand,  and  of  every  wire  over  every 
other  wire  throughout  the  length  of  the  cable.  The  safety 
and  utility  of  the  ropes  depend  upon  the  manner  in  whicli 
they  are  cared  for.  The  sheave  wheel  should  never  be  less 
than  30  times  the  diameter  of  the  rope,  and  it  is  better  if 
the  sheave  wheel  is  40  to  60  times  the  diameter  of  the  rope. 
In  fact,  the  larger  the  slieave  wheel,  the  better  it  is  for  tlie 
rope.  One  can  easily  understand  that  by  bending  a  lin.  cable 
around  a  30in.  slieave,  the  friction  of  the  wires  over  each 
other  will  be  far  greater  than  by  bending  the  same  rope 
around  a  60in.  slieave.  Furthermore,  it  takes  more  power  to 
bend  a  cable  around  a  30in.  sheave  than  around  a  larger  one. 

From  the  foregoing  it  is  clearly  evident  that  wire  ropes 
should  be  lubricated,  and  lubricated  with  oils  and  greases 
that  will  penetrate  between  the  wires  of  the  strands.  This 
not  only  makes  friction  lighter,  with  less  wear  upon  the  wires 
composing  the  rope,  but  it  prevents  rusting  and  pitting  of  the 
interior  wires.  Rope  should  never  be  coated  or  "  doped  ，， 
with  anything  that  will  harden  on  the  outside,  for  this  coat- 
ing will  crack  by  bending  over  the  sheave  and  around  the 
drum,  and  when  it  is  lowered  into  a  damp  shaft,  or  when 
the  humidity  of  the  air  is  high,  moisture  will  penetrate  the 
cracks  of  the  coating  and  work  its  way  into  the  very  centre 
of  the  cable.  This  will  in  time  cause  tlie  hemp  core  to 
become  water-soaked,  and  it  will  act  like  a  wet  sponge  in 
holding  the  moisture.  In  this  way  the  wires  on  the  inside 
o f  the  rope  will  rust  and  pit,  even  though  the  coating  may 
appear  to  be  perfect  upon  the  outside  of  the  cable.  Many 
a  cable  is  in  operation  where  the  interior  wires  have  been 
completely  eaten  away,  and  the  entire  load  is  being  carried 
by  the  outside  wires.  This  is  extremely  dangerous,  because 
in  the  twist  of  the  rope  any  of  the  wires  may  come  to  the 
out  side  at  some  place,  and  the  only  thing  that  holds  them 
together  is  the  friction  exerted  by  the  pull  that  is  upon  thenj. 
When  tlie  wires  of  a  cable  are  worn  half  in  two  by  abrasion  on 
the  outside,  and  rusted  and  pitted  half  in  two  by  moisture 
on  the  inside,  there  is  not  much  strength  left  in  the  rope. 
Ropes  that  run  in  dry  shafts  should  be  lubricated  for  the 
reduction  of  friction  ；  ropes  that  run  in  damp  mines  should 
be  lubricated  to  prevent  rusting  and  pitting.  Again,  I 
repeat  that  ropes  should  never  be  coated. 

Good  ropes  should  be  elastic  ；  they  should  have  a  "stretch" 
in  them  that  is  noticeable.  If  you  run  a  loaded  car  upon  a 
cage  without  setting  the  chairs,  you  will  notice  several  inches 
of  spring  due  to  the  elasticity  of  the  cable.  When  a  rope 
loses  its  elasticity,  its  usefulness  and  safety  are  gone.  It 
should  be  imniecliately  discarded  and  a  new  one  provided  to 
replace  it. 

Ropes  should  be  reversed  upon  the  drum  occasionally. 
The  free  end  that  descends  into  the  mine  should  be  brought 
up  and  wound  upon  the  drum,  while  the  other  end  is  allowed 
to  descend  into  the  mine.  It  is  not  a  hard  job  to  reverse  a 
cable,  nor  does  it  take  much  time.  Two  or  three  men  can  do 
it  in  a  few  hours.  The  writer  has  frequently  reversed  cables 
by  disconnecting  the  cage  at  the  bottom,  or  taking  it  out  of 
the  shaft  entirely  at  the  top  until  the  cable  is  reversed.  Tlie 
writer's  method  is  to  pull  out  enougli  of  the  cable  to  have 
plenty  of  it  free  to  start  the  winding  on  the  drum,  and  clamp 
it  to  the  gallows  frame,  after  putting  a  30in.  sheave  in  tlie 
loop  thus  formed.  This  sheave  is  mounted  like  the  fall-block 
used  on  any  derrick,  and  to  the  hook  is  fastened  a  weight. 
Generally  tlie  weight  consists  of  a  bucket  of  rock.  The 
engineer  then  allows  the  bucket  to  sink  into  the  mine,  wliich 
doubles  the  rope  down  the  shaft.  When  tlie  rope  is  nearly 
unwound  from  the  drum,  it  is  likewise  clamped  to  the  gal- 
lows frame  and  removed  from  over  the  sheave.  The  free  end 
is  thmi  nin  up  over  the  sheave  and  fastened  on  the  d rum. 
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The  clamp  from  this  end  ol'  flit'  rope  is  t.li(Mi  removed,  and 
the  engineer  winds  it  upon  the  diuni  until  the  bucket  of  rock 
is  brought  to  the  surface  ； i^aiu.  Tli«、  weight  and  tall  block 
are  then  removed  from  t he  ('； 山"' ， and  nMii;ii»]in^  rlamps 
removed.  The  cage  is  att  nclicd  lo  1  lie  '；山 l('  which  is  1 1 1 1 1 s 
rcs't'i'scd. 

Another  thing 蜃 that  15ft.  or  20ft.  of  cable  should  be 
cut  off  and  examined  every  few  weeks  "r  mont-lis.  There  are 
two  reasons  for  this :  The  first  is  lor  t  lie  iiispcrt  ion  of  t  lie 
inside  wires  of  tlie  cable,  and  the  first  15ft.  above  the  cage  is 
the  part  that  is  subjected  to  the  severest  wear,  and  furnishes 
a  good  place  for  examination.  The  next  place  of  severe  wear 
is  where  the  rope  is  bent  over  the  sheave  when  the  cage 
is  standing.  By  cutting  off  15ft.  or  20ft.  it  is  necessary  to 
unwind  that  auiouiit  rope  I'rum  t  he  (Inim  in  ()r(l('r  to  reach 
the  bottom.  Hence,  a  new  spot  is  furnished  to  take  the  strain 
where  it  stands  over  the  slieave.  It'  is  an  easy  matter  for  the 
s] leave  wheel  to  get  out  of  ali^n uienl .  Head  frames  are  very 
frequently  built  upon  filled  ground  around  the  collar  of  the 
shaft,  and  if  one  leg  of  the  frame  settles  more  than  another, 
the  sheave  wheel  will  be  out  of  line,  and  the  wear  u]) (川 \  Im* 
cable  will  be  increased,  both  in  the  sheave  wheel  and  upon 
the  drums. 

There  is  still  another  important  matter  in  tin*  liandliii^  of 
wire  ropes,  and  that  is  the  matter  in  which  thiinl)le-eyes  are 
put  on  the  cables  when  it  is  necessary  to  loop  the  cable  and 
bend  it  back  upon  itself.  Care  must  be  taken  to  preserve 
the  twist  of  the  cable  around  the  thimble-eye  in  order  to  make 
all  the  strands  have  their  proportion  of  the  outside  circum- 
ference of  the  loop.  】t  is  evident  that  the  outside  circum- 
ference would  be  longer  than  the  inside  of  the  loop  arouml 
the  thimble-eye,  and  if  the  twist  of  the  cable  is  not  carefully 
preserved,  some  of  the  strands  will  have  to  pass  a  longer  dis- 
tance than  the  others.  This  will  increase  the  tension  on  i lw 
strands  that  follow  the  outside  of  the  circle,  and  will  make 
them  carry  the  entire  load.  Not  only  is  this  true  around  the 
thiinble-eye,  but  it  carries  the  load  through  the  entire  length 
of  the  cable,  while  the  strands  that  have  the  shorter  circum- 
ference on  the  inside  of  the  loop  will  be  slack. 

Still  another  point  in  the  use  of  wire  rope  may  be  men- 
tioned at  this  time,  and  that  is  the  question  of  rapid  hoisting, 
which  should  be  carefully  avoided.  It  is  much  better  to 
double  the  load  than  it  is  to  double  the  speed.  In  doubling 
the  load  we  have  a  friction  of  but  once  over  the  sheave,  once 
around  the  drum,  and  but  one  period  of  vibration  and  swing 
of  the  cable  to  overcome  ；  while  if  the  speed  is  doubled  we 
have  the  same  friction  to  be  overcome  twice  to  accomplish  the 
same  tonnage.  In  slow  hoisting  the  molecular  vibrations  are 
slower  and  less  fatiguing  on  the  metal  of  the  wires.  The 
slower  speed  is  also  less  liable  to  accidents.  Leaving  out 
of  consideration  the  weight  of  the  hoisting  rope,  the  friction 
of  the  cage  upon  the  guides,  friction  of  the  rope,  and  the 
mechanical  friction  and  motor  losses,  we  obtained  some  very 
interesting  figures  on  cable  strains  by  using  a  dynamometer 
between  the  cage  and  the  cable.  The  following  tests  were 
made  at  the  Buckeye  mine : — 

J'omi'l  pull 
Required. 

Weight  of  the  empty  skip  is  l，6001bs. 

When  started  very  gently  and  lifted  empty...  1,600 

When  started  with  2Jin.  of  slack  out    2,240 

When  started  with  6in.  of  slack  out    3,580 

When  started  with  12in.  of  slack  out    4,920  . 

Weight  of  skip  with  3,0001bs.  ore  or  rock 
loaded  is  4,6001bs. 

When  started  gently  without  jerk    4,600 

When  started  with  3in.  of  slack  out    8,230 

When  lifted  with  6in.  of  slack  out    10,810 

When  started  with  9in.  of  slack  out   12,880 

All  of  the  above  figures  are  made  testing  cable  unbalanced. 
To  find  the  motor  torque  add  43  per  cent,  as  a  good  average, 
including  friction  and  cable  weight  to  the  bottom  of  the  shaft. 
The  use  of  cage  chairs  in  the  shaft  has  been  abolished  at  the 
Buckeye  mine,  because  tliey  are  the  most  dangerous  obstruc- 
tion that  has  ever  been  tolerated  by  the  engineering  profes- 
sion.― (( Mining  and  Engiueering  World.'' 
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OIL  FURNACE  POR  HEATING  AND  MELTING  MfcTALS. 

NVk  illuslnih*  lifi  rwit  h  ；)  d'^sigii  of  oil  turn;"'"  tor  li(;'fmj_' 
f  "(I  iiM-K  in^  Mict;i  Is,  I  lu*  in  vciitiftn  n!  M  I  I'  \V  All'"i、  ，  tlif 
(Weal  Wcslcni  Works  I'ncii mat  ic  Kii^inc*T»n^  (  V)iii|>;i  n  v,  1山1.， 
SydenlKun  Road ,  Mirmiii^liHin,  "ml""l viii;'  several  i tnprovc 
incuts  more  |>;i i  t  i<  u la i  l y  relating  to  i \n-  m''。i',(l  of  lic;it  mf/  t  lie 
oil  and  the  ； tir.  RHf'rriiig  to  the  illusirations  A  is  tlie  fur- 
nace which  is  provider!  with  two  oil  fuel  Inirners  H  ； it  wli 
side.  C  is  the  waste  gas  flue  or  cliirnncy  of  tlie  furnarc  hv 
which  the  products  of  combustion  and  waste  gases  escape,  and 
I)  is  tlie  Hiinular  chamber  on  the  chimney  through  which  the 
air  supplied  to  tlie  burners  B  is  passed  so  as  to  effect  the  heat- 
ing of  the  air  before  it  reaches  the  burners.    The  air  enters 

the  annular  di;u"her 
at  E  aiul  passes  out  by 
the  pipes  R  S  respec- 
tively at  opposite  aides 
of  the  lower  eiul  of  the 
chamber  D.  Adjacent 
to  the  chimney  C  and 
surrounding  air-heat- 
ing chamber  D  is 
arranged  the  oil  tank 
F,  this  tank  having  a 
(louhle  side  and  double 
bottom.  Tlie  hot  air 
escaping  from  the 
rluiniber  D  by  tlie  pipe 
S  passes  partly  to  the 
top  surface  of  the  oil 
in  the  tank  F  by  the 
pipe  G  for  the  purpose 
of  putting  pressure  on 
the  oil  and  partly  to 
tlie  air  space  between 
the  tank  F  and  the 
outer  casing  L  by  the 
pipe  H，  so  as  thereby 
to  effect  the  heating  of 
the  oil  in  the  tank. 
The  air  passes  from  the 
jacketed  space  around 
the  tank  F  by  the  pipe 
J  to  the  two  burners 
B  at  one  side  of  the 
furnace.  The  burners 
B  at  the  opposite  sides 
of  the  furnace  are 
supplied  with  hot  air 
directly  from  the 
chamber  D  by  the 
pipe  R. 

The  regulation  of 
the  temperature  of 
the  air  space  under 
and  around  the  oi  1 
tank  is  provided  by 
employing  a  branch 
pipe  N  and  control 
cock  K,  by  which 
the  whole  of  the  heated  air  passing  from  the  jacketed  portion 
of  the  chimney  by  the  pipe  S  may  be  passed  directly  to  tlie 
burners  B  on  that  side  of  the  furnace  and  by  more  or  less 
closing  the  cock  K  of  the  pipe  N  and  opening  the  cock  O  of 
the  pipe  S  a  portion  only  of  the  heated  air  may  be  passed 
directly  to  the  burners  B,  the  other  portion  being  passed 
through  the  air  space  under  aud  around  the  oil  tank 
F  to  the  burners.  Instead  of  lieating  the  oil  tank  exter- 
nally it  may  be  arranged  concentrically  on  the  jacketed  por- 
tion of  the  chimney,  that  is  to  say,  two  concentric  annular 
chambers  may  be  arranged  on  the  chimney,  tlie  inner  one 
having  for  its  object  the  heating  of  the  air  to  be  delivered 
to  the  burners  and  the  outer  chamber  constituting  the  oil 
reservoir,  the  oil  iu  which  is  heated  by  the  wall  of  the  heat«d 
air  chamber. 


Oil  Fdrnack  for  Heating  axd 
Melting  Metals. 
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THE  SCHLOTTER  BLOWER. 

In  an  ait in  "  Zeits.  fiir  Dampfkessel  mi(l  I\1  ascliinen- 
betrieb/'  translated  in  the  li  Proceedings  of  the  American 
Society  of  Mechanical  Engineers,"  Max  Berlowitz  states  that 
for  liquids  and  gases  centrifugal  pumps  have  been  used  nearly 
exclusively,  while  with  helical  wheels  neither  large  pressures 
uor  economic  efficiency  has  so  far  been  obtained.  This  is  all 
the  more  regrettable  because  spiral  pumps  can  be  very  con- 
veniently installed  and  require  much  less  space  than  centri- 
fugal pumps,  and  also  possess  important  advantages  in  that 
they  are  reversible  and  may  be  run  at  high  speed.  It  now 
appears  that  a  German  engineer,  G.  A.  Schlotter,  has  suc- 
ceeded in  building  a  spiral  pump  which  can  be  used  as  a 
blower  (Siemens-Schuchert  Co.)  It  consists  of  a  rotor,  dis- 
tributor, and  a  cast-iron  casing  containing  the  rotor  and 
provided   with  supports.      The   rotor  has   five  vanes,  the 
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pressure  surfaces  of  which  are  pure  helical  surfaces.  In 
accordance  with  the  use  to  which  the  apparatus  is  to  be 
applied,  they  may  be  made  either  of  some  light  metal  or  of 
bronze,  and,  when  run  at  high,  speeds,  may  be  reinforced  with 
supporting  rings.  The  distributor  has  from  eight  to  ten 
blades,  with  a  curvature  opposite  to  that  of  the  vanes  of  the 
rotor,  and,  in  the  case  of  small  units,  is  made  of  wrought  iron  ； 
in  larger  units,  of  cast  iron .  When  gases  containing  acids  are 
to  be  handled,  the  rotor  and  distributor  are  galvanised,  while 
for  hot  gases  they  are  covered  with  a  fireproof  dressing.  Ball 
bearings  are  used  exclusively,  and  only  need  to  be  taken  out 
to  be  cleaned  and  refilled  with  grease  once  or  twice  a  year. 
When  hot  gases  are  being  handled,  the  bearings  are  water 
cooled.  Since  a  bearing  has  to  be  provided  in  any  case  to 
take  up  the  axle  thrust,  each  blower  can  be  used  either  verti- 
cally or  horizontally,  and,  if  desired,  can 國 installed 國 any 
angle  of  inclination.  The  vanes  and  distributors  are  shown 
respectively  in  Figs.  1  and  2. 


The  action  of  the  blower  is  as  follows  :  It  gets  air  by 
suction  from  a  semi-spherical  zone,  as  shown  in  Fig.  3，  and 
presses  it  into  a  close  bundle  of  vanes?  easily  rotating  and  con- 
verging toward  the  axis.  The  approximate  path  of  stream 
lines  is  indicated  by  arrows,  and  it  will  be  observed  that  the 
air  particles  in  their  flow  do  not  remain  in  the  same  section 
of  the  axis,  but  perform  a  rotary  motion  all  around  the  axis. 
Hence  in  the  passage  of  air,  shocks  and  eddies  are  avoided  as 
much  as  possible,  and  practically  all  the  energy  applied  at  the 
driving  end,  with  the  exception  of  unavoidable  losses  due  to 
friction  in  the  bearings,  and  air  friction  is  utilised  in  the 
normal  operation  of  the  engine.  This  blower  therefore  shows, 
under  favourable  conditions,  a  maximum  efficiency  of  80  per 
cent,  or  more.  The  author  considers  it  a  happy  idea  that  a 
pressure  piping  or  very  flat  diffusor  is  added  under  the  blower, 
since  the  kinetic  energy  of  the  air  can  be  transformed  into 
pressure  when  leaving  the  diflFusors.  When  a  short  exhaust 
angle  is  added,  the  exchange  efficiency  of  the  apparatus  falls. 
Sfill  more  important,  however,  than  the  maximum  efficiency 
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of  the  apparatus  is  the  fact  that,  t  lie  elliciency  curve  of  the 
blower  is  very  flat,  so  that  its  construction  produces  an 
unusually  high  efficiency  through  wide  ranges  of  loads  from 
the  highest  back  pressure  up  to  free  outflow. 

For  purposes  of  comparison  two  curves  are  given  in  Fig.  4， 
one  for  the  Schlotter  blower  (Curve  a)  and  the  other  for  a 
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Where  ha  —-^ -  -  thv  dviianio  pressure  head  in  the  cross-section  of 
outflow,  an d  It  is  the  total  pressure  produced  by  the  blower. 
Fig.  4. 

well-known    centrifugal   blower    (Curve    b),    for    the  ratio 

where  ha  =         is  the  dynamic  pressure  head  in  the 

section  of  outflow  and  h  is  the  total  pressure  produced  by  the 
blower.  The  construction  of  the  blower  permits  it  to  be  used 
for  handling  air  and  gases  of  any  temperature,  as  well  as  for 
handling  gases  containing  dust  and  shavings.  It  is  to  be 
recommended  particularly  for  places  where  saving  in  space 
and  power  is  important  and  lower  weight  and  easy  installation 
considered  to  be  of  value. 


ESTIMATION  OF  SULPHUR  IN  PIG  IRON  AND  STEELS.* 

BY  G.  MISSON  (SERAING). 

Cclorimetric  processes  for  the  estimation  of  sulphur  have 
hitherto  been  prone  to  errors  arising  (1)  from  the  sample 
taken  being  too  small,  and  (2)  from  the  fact  that  the  acid 
employed  for  solution  has  been  too  diluted,  and  does  not  drive 
off  the  whole  of  the  sulphur  as  sulphuretted  hydrogen. 

Further,  these  methods  have  been  inapplicable  to  the 
analysis  of  pig  irons.  The  process  which  since  October,  1910， 
has  bean  employed  at  the  laboratory  of  the  Cockerill  Company 
is  equally  serviceable  for  the  analysis  of  basic  and  acid  pig 
ironSj  and  for  that  of  steels.  The  amount  taken  for  assay  is 
1  gr.  of  the  sample,  and  solution  is  effected  in  the  cold  by 
hydrochloric  acid  of  1"14  specific  gravity,  made  by  mixing 
7  litres  of  concentrated  hydrochloric  acid  with  3  litres  of 
water. 

Reagents  and  Appa?,atus  required  —for  the  Estimations. — 
(1)  A  piece  of  white  felt  10  cm.  square  and  5  mm.  in  thick- 
ness. (2)  Slightly  conical  glass  vessels  with  thick  rims,  80  mm. 
diam.  and  95  to  100  mm.  in  height  (ordinary  No.  4  ice- 
glasses  are  used).  (3)  Paper,  impregnated  with  a  solution 
obtained  as  follows :  Take  10  grs.  of  pure  powdered  arsenious 
anhydride  and  30  cub.  cm.  of  concentrated  hydrochloric  acid  ; 
shake  ；  add  about  500  cub.  cm.  of  boiling  water,  heat  until 
dissolved,  and  make  up  to  1  litre.  In  this  solution  leaves  of 
filter  paper  are  soaked  (Schleicher  No.  598  in  reams).  They 
are  allowed  to  drain  over  glass  rods.  The  paper  while  still 
moist  is  cut  up  into  pieces  10  cub.  cm.  square  and  preserved, 
damp.  (4)  Pieces  of  ebonite,  10  cm.  square  and  1  or  2  mm. 
in  thickness.  (5)  Discs  of  lead  weighing  about  500  grammes. 
(6)  Benzine  (specific  gravity  0'710).  (7)  Steels,  basic  pig  irons, 
and  Bessemer  pig  irons  standardised  as  to  their  sulphur  con- 
tents. 

Details  of  the  Operation. ― The  sample,  weighing  1  gr.,  is 
introduced  into  the  conical  vessel  illustrated  ；  10  cub.  cm.  of 
benzine  and  50  cub.  cm.  of  hydrochloric  acid  are  added,  and 
the  vessel  covered  over  by  means  of  a  piece  of  the  arsenious 
paper,  over  which  is  placed  a  piece  of  felt,  and  then  the  square 

*  Paper  read  before  the  Iron  and  Steel  Institute,  May,  1914. 
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of  ebonite,  held  down  by  the  lead  disc.  The  sulf)Iiureiic(l 
hydrogen  and  hydrogen  evolved  esca])!1  unii'orinly  ihrou^li  1 1n- 
entire  surface  of  the  paper.  Tlie  su]])liuretted  hydrogen  is 
decomposed,  and  leaves  a  yellow  s(.;iin.  Tin-  yd  low  roluurat  ion 
is  distributed  very  evenly  over  t Ik*  whole  surface,  owing  to 
the  presence  of  the  piece  of  fell.  The  st'indfirds  are  tested 
simultaneously  witli  the  samples,  ；' ml  1h,'  lints  arc  comjiarcd 
by  transmitted  liglit.  The  foll<»vviiig  standards  are  em- 
ployed ： ― 

For  steels    0*035  and  0'065  percent. 

For  basic  pig  irons  ...  0'05,  0'12,  and  0*17  per  cent. 
For  Bessemer  pig  irons    0"05,  ()'1'2，  and  0'17  per  cent. 

The  duration  of  a  test  depends,  in  the  case  of  steels,  on  the 
size  of  Jlic  drillings  subject t(> 
； I nalysis.  With  convenient-sized 
drillings,  anrl  wit li  powdered  pig 
irons,  the  time  required  may  in 
certain  cases  not  exceed  an  hour, 
and  a  single  operator  can  carry 
out  a  large  number  of  operations, 
as  these  require,  so  to  speak, 
no  manipulation  whatever  apart 
i  r(>m  the  weighing  out.  This  pro- 
cess is  particularly  to  be  recom- 
inended  when  there  are  a  great  muti  her  of  estim  ations  to  be  made. 
In  the  laboratory  in  question  a«  hundred  per  day  is  an  average 
number.  Once  started,  the  tests  should  not  be  touched.  Any 
agitation,  by  breaking  up  the  film  of  benzine  floating  on  the 
acid,  will  produce  stains  on  the  surface  of  the  paper. 

Below  are  given  a  number  of  the  results  obtained  by  this 
new  process  compared  with  those  obtained  by  the  gravimetric 
and  volumetric  processes  ordinarily  employed. 

Steels. 


No.  of  steel. 

New  method. 

Evolution  met  In 
and  titration  of  the 
Cadmium  Sulphide  by 
Iodine  and 
Hyposulphite. 

01(1  method  of 
W'riuliiii^  liariiim 
Sulphate. 

Per  cent. 

Per  cent. 

i'ur  cent. 

90,57 

007 

0-07 

0-065 

!t()72 

0-032 

003 

0-028 

！) 256 

0-048 

0  046 

0  045 

!«!>.—> 

0  035 

0  036 

0-037 

39G 

0-048 

0-05 

0  043 

72 

0  027 

0  028 

0  023 

565 

0  038 

0.04 

0  038 

374 

0-04 

0-04 

0-038 
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0  025 

0-03 

0  026 
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0-047 

0  044 
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0-05 

:u 
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0-026 
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New 
Method. 

Evolution  Method 
and  Titration  of 
the  Cadmium 
Sulphide  by 
Iodine  and 
Hyposulphite. 

Old  Method 
of  Wei^liiu^ 
Barium 
Sulphate. 
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uc  Pig  I rons. 

P'i  rent. 

Per  cent. 

Per  cent. 

Cupola ― Oct.  22nd. 

0-15 

0146 

m 國 

No.  3  Blast-furnace- 
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0- 108 
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Mixer— Dec.  23-24. 
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0-08 
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0-08 
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0086 
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0  0!) 

(t-082 
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0-078 
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0-018 
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0  034 

0-034 

0-037 
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004 

oon 

003 

003 
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THE  FLYING-MACHINE  FROM  AN  ENGINE 已 RING 
STANDPOINT. 

HY  FHKDEKICK  WILLIAM  I.ANCIIKHTEH,  M.INST. (丄 

//•'〃//  /'〃'〃  ； w.) 

(12)  Lmuluuj  (/if/r.  8.  Tim  (jtiest ion  ol  aliglitiiig  m('rli"m  m 
(U  tail  next  claims  our  attention  ；  this  is  iifH'essarily  ot  I  wo 
distinct  types  depoiulin^  upon  wlictlier  the  macliiiH'  is 
designed  for  land  or  for  marine  usage.  Taking  first  tlu*  land 
or  military  type  of  inacliine,  the  essential  features  coiiiprise 
ordinarily  a  pair  of  pneumatic-shod  wheels  (in  some  cases  two 
pairs)  arranged  on  a  common  axis  somewhat  forward  of  1 1 1 o 
centre  of  gravity  of  the  machine  and  .supplied  with  a  niHi- 
mentary  elastic  suspension  of  some  form,  in  addition  to 
runners  or  skids  to  take  the  "  bump  "  in  em('r"M'n('y，  ； i >>d  llu? 
provision  of  some  kind  of  temporary  tail  support,  consisting 
either  of  a  castor-pivoted  wheel,  or  (as  more  generally  the 
case)  of  a  simple  spring-controlled  skid.  It  was  at  one  time 
believed  to  be  essential  that  the  alighting  wheels  should  be 
all  castor-pivoted  or  or  writable  y  the  intention  being  to  take 
care  of  the  relative  motion  of  the  ground  when  alighting 
across  the  wind; 十 experience   appears   to   show  that  with 


Fig.  31. 

reasonably  careful  handling  this  provision  is  unnecessary.  Two 
types  of  suspension  are  illustrated  in  Figs.  31  (R.A.F.)  aud 
32  (Bleriot)  ；  it  will  be  noted  that  in  both  cases  the  medium 
employed  to  absorb  the  shock  is  rubber  ；  this  is  preferable  to 
steel  (as  universally  employed  ou  road  vehicles)  for  two 
reasons  ；  firstly,  the  energy  good  vulcanised  rubber  will  absorb 
is  far  greater  than  is  the  case  for  steel  ；  it  runs  to  some  500 
to  1 ,0001bs.  per  pound  (some  10  or  20  foot-lbs.  is  all  that  may 
be  allowed  for  steel)  ；  and  secondly,  the  signs  of  fatigue  in 
rubber  are  evident  to  the  most  casual  observer  and  the 
rubbers  are  cheap  and  easy  of  replacement.  The  alighting 
wheels  with  their  associated  parts  are  mounted  on  a  struc- 
ture commonly  known  as  the  landing  chassis  whose  function 
is  to  raise  the  machine  proper  a  sufficient  height  above  the 
ground  to  provide  clearance  for  the  propeller,  aerofoil,  &c. ； 
unless  careful  design  and  workmanship  is  put  into  the  landing 
chassis  its  "  spidery  ，，  proportions  necessary  to  give  clearance 
ruay,  on  tFie  one  liand,  constitute  a  source  of  weakness,  or, 
on  the  other,  give  rise  to  excessive  resistance.  Owing  to  the 
liability  of  the  landing  chassis  to  injury  it  is  clearly  desirable 

*  The  "James  Forrest  "  Lecture,  1914,  delivered  before  the  Institution  of  Civil 
Engineers,  May  5tli,  1914. 

t  Messrs.  Voison  Brothers,  in  the  days  of  their  pioneer  work,  attached 
great  importance  to  this  point.  They  attributed  thp  early  surress  of 
Farm  an  (on  his  Voisin  machiue)  largely  to  the  fact  that  this  feature 
was  embodied  in  his  machine. 


586 


THE    MECHANICAL  ENGINEER. 


[June  19，  1914 


that  its  st  nn*i are  should  be  complete  within  itself,  yet  this  is 
very  difficult  of  achievement  in  actual  design  ；  more  often 
than  not  there  are  members  in  common  to  the  landing  chassis 
and  the  aerofoil  structure  or  the  f usillage.  This  must  be 
considered  a  weak  point  in  any  design,  since  it  involves  the 
risk  that  some  essential  flight  organ  may  on  landing  be 
strained  or  otherwise  injured  or  at  least  stressed  beyond  the 
limit  for  which  it  has  been  designed. 

In  spite  of  all  that  has  been  done  up  to  the  present  the 
landing  chassis  is  only  able  to  take  a  very  moderate  "  bump  " 
with  safety,  a  lft.  free  fall  on  to  a  hard  surface  is  as  much 
as  can  be  deemed  safe  in  the  best  of  existing  machines,  a  free 
fall  of  4ft.  or  5ft.  would  lead  to  almost  certain  failure.  This 
requires  that,  in  landing,  a  machine  should  never  under  any 
circumstances  be  allowed  to  take  the  ground  with  a  greater 
vertical  velocity  component  than  8ft.  per  second.  Assuming 
a  gliding  angle  of  +，  this  means  that  a  machine  flying  at 
38  miles  per  hour  (56ft.  per  second  or  ft. /sec.)  could  be 
allowed  to  take  the  ground  (presuming  the  latter  horizontal), 
without  intervention  of  the  pilot,  but  for  any  higher  velocity  of 
flight  its  course  must  be  eased  or  flattened  ；  in  actual  prac- 
tice it  is,  of  course,  part  of  the  art  of  flying  to  avoid  all  shock 
when  alighting,  no  pilot  would  think  of  taking  the  ground 
without  at  least  making  his  best  effort  to  flatten  his  angle  of 
descent.     There  is  probably  a    future    for    some    form  of 


Fig.  3*2. 

hydraulic-pneumatic  device ;  already  several  attempts  have 
been  made  in  that  direction. 

Passing  now  to  the  marine  type,  we  find  in  the  earlier 
examples  a  landing  chassis  of  the  ordinary  pattern  fitted  with 
a  pair  of  floats  in  place  of  wheels  and  skid,  and  a  temporary 
tail  support  in  the  form  of  a  third  float  arranged  aft  under 
the  tail  member.  In  the  earlier  machines  these  floats  were 
little  more  than  boxes  of  rectangular  section,  Fig.  33  ；  more 
recently  there  has  been  a  tendency  to  give  to  the  floats  a  more 
boat-like  form,  surfaces  of  single  or  double  curvature  being 
adopted  in  place  of  flat,  and  so  the  liability  to  being  stove  in 
has  been  reduced  to  a  minimum.  The  double-float  support 
has  proved  itself  suited  to  comparatively  smooth  water,  but 
a  strong  feeling  exists  at  the  present  time  that  for  machines 
intended  to  serve  on  the  high  seas  that  construction  will  be 
abandoned  in  favour  of  the  single  central  boat，  as  already 
to  be  seen  in  the  Curtis  and  Sopwith  machines  (Fig.  34) ； 
here  auxiliary  floats  or  bob-floats  are  fitted  to  the  extremi- 
ties of  the  aerofoil  to  give  stability  to  the  machine  when 
resting  on  the  water,  and  to  avoid  damage  to  the  aerofoil 
when  getting  under  way  or  when  alighting 

The  main  floats,  whether  single  or  double,  require  to  be 
constructed  to  rise  in  the  water  on  the  same  principle  as  the 
so-called  hydroplanes  or  skimmer  craft,  being  designed  with 
the  usual  stepped  bottom  ；  a  single  step  is  found  to  give  the 
best  results.    The  design  of  floats  or  hull  for  a  marine  machine 

*  An  instructive  series  of  trials  have  been  made  in  the  Yarrow  Tank 
at  the  National  Physical  Laboratory.  Report  Advisory  Committee,  1912- 
1913,  Memorandum  No.  70  (Baker  and  Miller). 


must  be  regarded  as  still  in  an  early  stage  of  development, 
and  niucli  will  depend  in  the  future  on  the  general  evolution 
ol'  the  niachine  as  to  what  form  of  float  gear  will  ultimately 
be  found  most  appropriate.  The  author  is  of  opinion  that  as 
a  development  of  the  single  boat  type  at  present  existing  it 
would  appear  to  be  desirable  to  bring  the  motor  or  motors, 
and  other  heavy  parts  as  far  as  possible,  down  into  the  hull, 
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Fig.  33.— Eaiily  Type  (Smooth  Watkr)  Float. 

and  design  the  boat  as  a  thoroughly  sea-worthy  craft  with 
proper  metacentric  height  and  fitted  with  its  own  (marine) 
screw  propeller  so  that  it  is  capable  of  being  navigated 
independently  of  its  flight  organs  (Fig.  35).  In  such  a  design 
it  would  evidently  be  necessary  to  drive  the  propellers  through 
a  belt,  chain,  or  gear  of  some  kind,  and  mechanism  would 
be  provided  by  which  the  pilot  could  jettison  the  superstruc- 
ture in  emergency.  Such  a  machine  would  be  essentially  one 
of  considerable  size,  and  would  probably  be  fitted  with  two, 
three,  or  even  more  engines,  with  a  total  of  over  500  h.p.  The 
weight  of  such  a  machine  would  require  to  be  some  3  or  4  tons, 
and  would  be  capable  of  making  port  under  its  own  power  in 
the  event  of  the  flight  organs  being  abandoned. 

(13)  A  centric  Types  of  Machine. — The  type  of  machine 
here  suggested  would  be  liable  to  certain  objections  on  the 
ground  that  the  line  of  the  propeller  thrust  is  acentric,  being 
situated  considerably  above  the  centra  of  gravity  and  probably 
also  above  the  centre  of  resistance  of  the  machine,  conversely 
the  centre  of  gravity  would  be  considerably  below  the  centre 
of  resistance  ；  these  are  objections  which  have  been  raised 
with  regard  to  some  existing  machines.  It  is  undoubtedly 
desirable,  where  other  considerations  permit,  to  bring  the 
centre  of  propulsion,  centre  of  resistance,  and  centre  of 
gravity  to  approximately  the  same  level.  There  is  no  funda- 
mental difficulty  in  flying  a  machine  in  which  this  condition 
is  not  complied  with  since  any  pitching  moment  that  results 
from  the  want  of  concentricity  can  be  corrected  by  suitably 
arranging  the  centre  of  gravity.  Serious  difficulty,  however, 
is  liable  to  arise  in  the  evenb  of  a  sudden  change  ii;  the  mode  of 
flight  such  as  is  brought  about  when  the  engine  is  cut  out.  Under 
t,h(  ;e  conditions  the  machine  being  propelled  in  gliding  flight 
by  a  component  of  gravity  instead  of  by  the  propeller  thrust, 
a  change  of  pitching  moment  takes  place  equivalent  to  the 
total  resistance  of  the  machine  multiplied  by  the  vertical  dis- 
tance between  the  line  of  propulsion  and  the  centre  of  gravity. 
In  a  machine  of  the  type  above  suggested  such  a  change  of 
moment  would  be  tlia  equivalent  of  a  movement  of  the  centre 
of  gravity  through  a  distance  of  nearly  2ft. ，  a  change  which 
we  must  regard  as  of  dangerous  magnitude. 

The  position  is  that  showai  diagrammatically  in  Fig.  36, 
in  which  it  will  be  seen  that  the  resultant  of  gravity  and  the 
propeller  thrust  passes  some  considerable  distance  in  front 
of  the  centre  of  gravity,  whereas  in  gliding  flight  the  resultant 


、 Fig.  34.— Gdrtis  Filing  Boat,  103  h.p. 

of  the  lifting  and  propelling  forces  is  the  force  of  gravity,  and 
so  passes  through  the  centre  of  gravity. 

It  has  been  suggested  that  by  arranging  the  tail  plaue 
(and  elevator)  in  the  wake,  in  the  propeller  slip  stream,  in 
fact3  and  giving  it  an  upward  rake,  in  other  words,  by 
employing  a  negatively  loaded  tail,  the  tail  may  be  made  to 
supply  a  counter-vailing  pitching  moment  when  the  propeller 
is  at  work  ；  thus  whilst  the  direct  effect  of  the  propeller  is  to 
tend  to  lift  the  tail  aud  depress  the  nose  of  the  machine,  the 
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iiuiircci  (、H  hroiiglit, 
on  the  upturned  tail  will 
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to  the  case  in  point, 
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be  possible 


mall  want  of  coiiccul  ricity  of  the  pro 
i  met  hod  would  scarcely  l>e  applica  I  )N- 
I  ii  order  t  liat  t  lie  met  hod  in  (jiiest  ion 
(l.r    slip    stream    iiiu^t  be  discharged 
centre    of    gravity    of    the  macliino, 
to    say,    the    general    body    of    air  discharged 
slip    stream     must     be    so    deflected     that  its 
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Fig.  35. 

raoment  of  monu  niuin  about  the  centre  of  gravity  is  zero. 
Roughly  speaking,  this  means  that  the  tail,  as  shown  dotted 
in  Fig.  36,  must  be  set  at  such  an  angle  as,  if  produced,  would 
】）:iss  tlirough  the  centre  of  gravity  of  the  machine  ；  the  double- 
headed  arrows  show  the  slip  stream  diverted  as  theory 
requires.  The  method  is  evidently  impracticable  ；  not  only  is 
the  tail  angle  as  necessitated  altogether  excessive,  but  also  the 
whole  story  has  not  been  told 一 the  tail  would  require  to  be 
" feathered  ，，  immediately  the  propeller  ceases  its  function, 
otherwise  it  would  continue  to  supply  a  moment  of  some 
magnitude  when  no  longer  required. 

It  is  of  interest  to  examine  in  greater  detail  the  behaviour 
of  a  machine  such  as  we  are  considering  under  flight  condi- 
tions. It  is  clear  that  if  at  any  instant  the  engine  is  switched 
off  two  things  happen,  firstly,  as  in  a  machine  of  the  concentric 
type,  the  supply  of  energy  being  withdrawn  the  datum  of  the 
pliugoid  chart  takes  a  downward  trend,  its  down  slope  is  that 
of  the  gliding  angle,  Fig.  37，  datum  2.  Secondly,  since  the 
withdrawal  of  the  thrust,  reaction  is  in  effect  equivalent  to  a 
movement  backward  of  the  centre  of  gravity,  the  angle  of 
attack  of  the  aerofoil  is  increased  and  the  natural  velocity  of 
the  machine  is  reduced,  and  Hn  is  diminished  to  a  corre- 
sponding degree.  Tlio  conditions  are  thus  represented  by  the 
upper  diagram  in  Fig.  37  ；  tlrj  reduction  of  Hn  being  calcu 
la  ted,  we  consult  the  phugoid  chart  and  select  the  curve  to 
correspond  ；  as  shown  this  lms  been  taken  as  curve  G  from 
Fig.  2.  In  the  lower  dia^r:un  (Fig.  37)  a  similar  construction 
lias  been  shown  for  a  machine  nearly  concentric  as  to  its 
thrust :  the  resulting  pliugoicl  here  correspoiuls  to  that 
labelled  C  in  Fig.  2.  The  case  of  least  disturbance  is  that  in 
which  the  original  flight  path  picks  up  tlie  new  flight  path  at 
it^'  point  of  inflection  :  this  is  the  case  if  the  propeller  axis 


is  slightly  below  the  centre  of  gravity,  since  ilion  on  ( •  1 1 1 1 1 1 1 ^ 
out  the  engine  the  value  of  Hu  is  slightly  increased  ；  this  is  as 
actually  represented  cm  the  lower  dingrain. 

At  present  there  are  difficulties,  of  the  clui racter  and  ex- 
tent outlined,  standing  in  the  way  of  development  in  tlu* 
direction  indicated  ；  they  are  difficulties  that  will  without 
doubt  be  eventually  overcome. 


tliough  of  vital  import  to  tlie  acron;iutiral  cm g""'''r,  aro 
primarily  matters  for  the  pliysicist  ； uid  mathematician,  tlie 
engineer  can  well  a  fiord  to  leave  questions  of  this  character 
in  the  hands  of  the  specialist. 

There  is  perhaps  less  excuse  for  the  absence  of  all  jiif-nt  ion 

of  controlling  mechanism.  A 
great  deal  might  be  added  on 
that  subject  without  going  be- 
yond the  scope  of  the  title  ； 
however,  since  the  question  of 
control  is  closely  wrapped  up 
with  considerations  relat  in^ 
to  stability,  and  since  it 
is  necessary  to  draw  a  line 
at  some  point,  the  omission  is 
one  of  expediency  rather  than 
logic. 

The  question  of  stability  is 
not,  as  is  frequently  suj>posed, 
one  that  is  in  any  sense  obscure  ；  in  fact,  from  the  scientific 
point  of  view,  the  present  position  is  at  least  satisfactory;  it 
can  be  said  without  exaggeration  that  we  have  a  great  deal 
more  knowledge  on  the  subject  than  we  are  at  present  able 
to  utilise. 

There  is  very  little  of  importance,  specifically  relating  to 
the  stability  of  the  flying-machine,  that  has  been  written, 
either  before  or  since,  that  will  not  be  found  either  in  th'' 
work  of  Dr.  Bryan*  or  in  "  Aerial  Flight. ，，十  A  few  notes 
have  appeared  in  the  various  reports  of  the  Advisory  (  "m 
mittee  for  Aeronautics,  l)ut  not  very  much  ；  two  short  notes  of 
a  somewhat  trivial  character  appear  in  the  report  of  1909-10, 
in  addition  to  an  excellent  abstract  of  Soreau's  "  Etat  actuel 
et  avenir  de  rAviation.^J  In  the  Reports  for  1910-11  and 
1911-12  there  is  nothing  ；  in  the  Report  for  1912-13  there  are 
two  or  three  interesting  communications,  mainly  due  to  the 
stafT  of  the  National  Physical  Laboratory,  notably  in"mm';i n');i 
77，  78,  and  79.  No.  77  (L.  Bairstow,  Melville  Jones,  and 
A.  W.  H.  Thompson)  is,  in  the  main,  an  examination  and 
extension  of  existing  theory  following  the  methods  initiated 
by  Dr.  Bryan  ；  No.  78  (L.  Bairstow  and  L.  A.  MacLacliIan), 
mainly  relating  to  the  determination  of  the  various  coefficients 
required  for  the  application  of  Dr.  Bryan's  met  hod  of  treat- 
ment. No.  79  (L.  Bairstow),  dealing  with  the  more  detailed 
application  of  the  same  method.  These  communications  are 
conspicuous  by  the  fact  tliat  their  authors  appear  to  be  really 
at/  vnur<nit  with  the  previous  literature  of  the  subject . 

The  work  that  has  been  done  on  the  Continent  on  tlie  sul> 


Fig.  37. 

ject  of  stability  does  not  in  sum  aiuount  to  muoli,  moreover 
it  frequently  appears  to  suggest  complete  ignorance  of  what 
has  been  done  in  this  country  :  in  this  particular  matter  it 
would  seem  that  the  Continent  lias  become  insular  and  our 
inland  cosmopolitan.      For  example,  we  find  the  work  of 

*  G.  II.  Bryan.  "  Stability  in  Aviation.      M acmillan  A  t  <>.  l'.'ii. 
t  Vol.  II.,  "  Aerodonetirs.**    Constable  A-  Co.,  1908. 
X  Memoires  Societe  tins  In^t  uiturs  Civil  do  Kranci-. 
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Georges  de  Bathezat*,  described  by  Mr.  Painleve  as  "tlie 
first  to  give  an  exact  and  complete  discussion  of  the  stability 
of  the  aeroplane "  ；  and  when  we  examine  the  work  so 
described  we  find  the  subject  not  more  than  half  dealt  with, 
and  at  that  in  so  ineffective  a  manner  that  scarcely  one  of 
the  conclusions  can  be  regarded  seriously.  R.  Knollerf  and 
Reiszuer,];  though  interesting,  do  not  materially  advance  the 
subject.      R.  Soreau  deals  with  the  subject  of  longitudinal 


SUBBA 

stability  under  two  distinct  headings,  equilibrium  and 
stdbility  ；  so  far  as  the  former  is  concerned  his  conclusions 
as  formulated  will  be  found  in  their  entirety  published  by  me 
in  1897，  with  the  rationale  clearly  set  forth. §  Soreau,  how- 
ever, scarcely  carries  the  matter  as  far  as  in  my  previous 
publication.  Incidentally  Soreau  gives  two  propositions,  u 
minimum  tractive  force,  and  minimum  horse-power,  which, 
except  for  differences  of  notation,  appear  to  be  identical  with 
two  propositions  previously  given  by  me  in  Aerodynamics/' 
1907，  sec.  164.  When  we  come  to  the  question  of  stability 
it  will  suffice  to  state  here  that  his  conclusions  on  the  subject 
of  longitudinal  stability  are  gravely  at  fault;  briefly,  Soreau 
states  that  the  moment  of  inertia  must  not  be  too  small  for 
fear  of  oscillations  becoming  too  rapid,  whereas  the  only  oscil- 
lation of  importance ― my  "  pliugoid  oscillation  " ― is  virtually 
independent  for  its  period  on  the  value  of  the  moment  of 
inertia.  On  the  questions  of  lateral  stability  and  directional 
stability,  Soreau's  views  (as  pointed  out  by  Bryan)  are  entirely 
at  fault  ；  the  whole  question  of  asymmetric  or  rotative  stabi- 
lity is  lost  sight  of,  and  the  fact  that  in  directional  stability 
the  centre  of  gravity  cannot  be  treated  as  a.  static  pivot||  is 
ignored. 

The  work  of  Captain  G.  A.  Crocco  is  of  interest.  In  the 
main  he  follows  established  mathematical  lines  of  treatment  ； 


 " L£  Slioc 

S,NSi_E  SUPPA 

ce 

Fig.  38b. 

I  have  made  no  attempt  to  follow  his  work  in  detail.  Captain 
Crocco's  conclusions  on  the  whole  appear  to  be  far  sounder 

*  '•  Etude  de  la  Stabilite  de  l'Aeroplane."    Dunod,  Paris,  1911 
t  "  TJber  Langstabilitat  der  Drachenflu^zeuge,"  1911. 
% "  Einige  Bemerkungen   zur   Seitenstabilitat   der   Drachenflieger  " 


t lt;t n  those  of  most  continental  writers  :  his  work  is  evidently 
worth  careful  study. 

The  above  may  be  taken  as  a  brief  summary  of  the  exist- 
ing literature  of  the  subject.  Excellent  abstracts  of  the  work 
of  the  foreign  authors  cited  will  be  found  in  the  appendices 
to  the  various  reports  of  the  Advisory  Committee  :  excepting 
in  the  case  of  the  French  writers,  which  liave  been  consulted 
in  the  original,  I  have  relied  on  the  abstracts  in  question  for 
the  summary  here  given. 

In  general  the  work  has,  in  the  past,  been  treated  on  too 
closely  mathematical  lines  to  be  of  immediate  service  to  the 
engineer  ；  in  many  cases  the  writers  have  clearly  suffered 
from  their  want  of  appreciation  of  the  real  conditions.  It  is 
my  deliberate  opinion  that  there  is  very  little  room  for  useful 
work  to-day  on  the  subject  of  stability  unless  it  be  rigidly  and 
directly  supported  by  experimental  work,  and  from  our 
standpoint  as  engineers  I  think  we  may  in  the  future  confi- 
dently look  to  the  excellent  work  being  accomplished  at  the 
National  Physical  Laboratory,  and  at  the  Royal  Aircraft 
Factory,  to  keep  us  in  touch  with  that  whiclt  is  essential  in 
this  important  branch  of  the  subject. 

APPENDIX  I. 

The  subject  of  skin  friction  where  air  is  concerned  has  been 
one  of  considerable  controversy.       The    quantities    to  be 


0 

1912. 

§  Patent  Specification  3608,  1897,  or  compare  also 
vol.  II.,  page  35^. 

tt  CT  !1  ^mpare   "  Aerial    Plight,"    Vol.   II.,  §§95  to  100; 
Stability  in  Aviation,"  Chapter  VII. 


Aerial  Flight," 
also  Bryan, 


Fig.  39. 

measured  are  so  small  and  the  apparatus  employed  until 
recent  years  has  been  so  insensitive  that  until  the  work  of 
Zahm  in  1904  very  little  was  known  on  the  subject.  Langley, 
in  his  tl  Experiments  in  Aerodynamics,"  1891，  asserted  skin 
friction  to  be  a  negligible  factor  in  its  relation  to  flight. 
Dines  about  the  same  date  expressed  the  same  view  :  in  my 
il  Aerial  Flight,"  Vol.  I.，  which  appeared  in  1907  (not  at 
that  time  aware  of  the  work  that  had  been  done  by  Zahm), 
I  published  some  determinations  of  skin  friction  and  attacked 
Langley's  views,  pointing  out  that  skin  friction  is  one  of  the 
controlling  factors  in  the  economics  of  flight.  I  also  intro- 
duced the  practice  of  expressing  skin  friction  as  a  coefficient 
representing  the  resistance  of  a  thin  lamina  in  tangential 
motion  in  terms  of  its  resistance  at  90° :  the  coefficient  so 
expressed  is  the  double  .、-/〃■/〃''（  coefficient,  and  in  my  work  is 
represented  by  the  symbol  ^.  In  the  greater  part  of  my 
experimental  work  planes  or  laminae  of  mica  were  employed 
of  but  a  few  square  inches  area  ；  the  largest  area  used  by  him 
in  any  of  his  determinations  was  approximately  ^  sq.  ft.  Now 
it  is  well  established  that  the  coefficient  of  skin  friction  in 
a  plane  of  small  area  is  sensibly  greater  than  in  one  of  large 
area,  consequently  my  values  were  on  the  whole  considerably 
higher  than  those  of  experimenters  working  to  a  larger  scale  ； 
however,  the  following  passage  may  be  cited  as  the  summary 
of  experiments  made  with  planes  of  about  ^  sq.  ft.  area  and 
o'f  smooth  surface :  "  It  is  therefore  to  be  concluded  that  for 
a  well-varnished  surface  or  for  polished  metal,  under  the  con- 
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dil  ions  of  experiiiHMtt ,  l  lie  effective  value  of  ^  is  a.pprox  i 
mately  O'OOO  with  a  probable  error  of  less  tliati  1()  per  rciif., 
plus  or  minus."*  According  to  I  lie  Itcsl.  est  imatc  t  li;it  r;i  n  Ik* 
made  to-day  the  actual  value  of  the  douhU^  surface  cocflicicnt 
under  the  conditions  of  t  lie  experiment'  it)  (jucst  ion  should  \u- 
0.0081，  showing  an  error  of  precisely  tin*  K)  |)(t  cent .  which  I 
allowed  myscl f. 

Tt  has  been  frequently  stated  1  iuit  my  result's  were  in 
entire  disagreement  with  those  of  Zalnn  ；  sometimes  tliosc 


w  d 

《 

c 

Fig.  40. 

making  this  statement  ignored  my  lower  values  and  took  his 
highest,  which  admittedly  w^re  too  high  ；  in  other  cases  they 
read  his  double-surface  coefficient  as  a  single-surface  coeffi- 
cient, and  so  made  his  values  twice  as  great  as  they  really  are. 

In  a  communication  to  the  Advisory  Committee  for  Aero- 
nautics (Memorandum  No.  15，  J une,  1909),  I  pointed  out 
that  my  own  results  and  those  of  Zahm  for  air,  and  the 
results  obtained  many  years  ago  by  W.  Froude  for  water,  are 
in  substantial  agreement ― in  fact,  in  very  close  agreement ― 
provided  that  they  are  put  in  their  proper  perspective,  with 
due  consideration  to  the  laws  of  dynamic  similarity. f  The 
final  conclusion  given  in  the  memorandum  under  discussion 
is  expressed  in  graphic  form  in  Figs.  38a  and  38b,  in  which 
abscissae  represent  the  quantity  LV  (the  product  of  the  linear 
dimension  I  in  feet  by  the  velocity  in  feet  per  second),  and  in 
which  ordinates  represent  the  coefficient  of  skin  friction. 
Three  curves  are  shown  ；  the  upper  curve  is  the  double-surface 
coefficient  for  air,  for  which  I  employ  the  symbol  ^,  the  lower 
curve  (solid  line)  is  the  single-surface  coefficient  (half  the 
value  of  the  former),  the  dotted  curve  is  the  coefficient  for 
water.  In  Fig.  37，  LV  values  may  be  read  from  20  to  1,400. 
In  Fig.  38  is  given  a  graph  for  lower  values. 

It  is  a  point  not  without  interest  that,  for  geometrically 
similar  aerofoils,  the  weight  sustained  varies  as  (LV)2  conse- 
quently for  any  given  value  of  LV  the  weight  is  constant. 
In  other  words,  as  already  shown,  for  least  resistance 
P  —  CpV2,  where  C  is  a  constant  whose  value  is  round  about 
0"32,  or  if  /cL2  represents  the  area,  and  W  =  weight, 

W  =  0  32  k  p  (LV)2. 
Therefore,  assuming  good  design  (max.  lift/drift),  and  some 
definite  value  of  aspect  ratio  (to  fix  the  value  of  the  constant 
k)y  the  coefficient  of  skin  friction  is  determined  by  the  weight 
of  the  machine,  and  is  the  same  whatever  the  designed  velo- 
city may  be. 

Skin  friction  has  a  habit  of  playing  an  elusive  part  in 
actual  resistance  phenomena,  and  the  subject  in  practice  is 
full  of  pitfalls.  In  the  case  of  a  plane  moving  edgewise,  it 
*  "  Aerial  Flight,"  Vol.  I.,  page  389. 

t  Compare  memorandum  cited,   also  addendum  to  same  by  Lord 


may  frequeiitly  happen  tliat  skin  frictional  resistance  will 
virtually  disappear,  tlic  loading  ed^c  of  a  plane  sucli  as  used 
by  the  late  Prof.  Langley  will  by  its  hlufTness  set  in  motion 
a  certain  quantity  of  air,  and  tliis  moving  air  Hubsef|uently 
washing  the  surfaces  of  the  plane  will  reduce  tlie  skin-fric- 
tioiial  resistance  to  something  immeasurably  small  ；  as  jx^inted 
out  by  me  in  discussing  Lan^ley's  work,  this  was  one  ot.  t  lio 
causes  that  led  liim  into  error. 

Another  case  where  the  coefficient  of  skin  friction  nwi v  \n- 
abnormally  low  is  that  of  the  inclined  plane  at  a  small  angle 
of  incidence,  in  u  Aerial  Flight/'  Vol.  I.，  Mic  matter  is  dealt 
with  on  page  264,  article  182;  it  is  pointed  out  that,  as  a 
deduction  from  gliding  experiments  made  with  tlie  halla-t^d 
plane,  and  calculations  based  on  same,  the  coefficient  of  skin 
friction  is  in  effect  less  than  ordinarily  the  case,  and  the  ex- 
planation is  offered  that  the  upper  surface  of  the  plane  being 
to  a  certain  degree  a  "  dead-water  region  "  the  coefficient 
may  in  this  case  be  only  that  of  the  single  surface.  This  con- 
clusion has  received  striking  confirmation  in  connection  with 
some  experimental  work  recently  carried  out  at  the  National 
Physical  Laboratory. 

I  consider  it  probable  that  in  the  case  of  the  pterygoid 
aerofoil,  that  is  to  say,  the  aerofoil  of  arched  section,  such 
as  shown  at  the  foot  of  Fi^,  39，  the  skin  friction  may  in  effect 
be  abnormally  high  owing  to  the  augmented  velocity  with 
which  the  air  flows  over  the  upper  surface.  This,  speaking 
generally,  is  not  altogether  compensated  by  the  lower  velocity 
on  the  under  side.  The  velocity  of  the  air  in  the  vicinity  of 
the  aerofoil  can  be  deduced  approximately  from  the  ordin;i  rv 
laws  of  fluid  motion  from  the  local  pressure.  Now  pressure 
curves  have  been  made  of  several  different  sections  of  aerofoil 
by  the  National  Physical  Laboratory  ；  the  curve  shown  in  Fig. 
39  may  be  taken  as  roughly  typical  of  the  pressure  graph 
for  mid-section  of  any  well-shaped  aerofoil  at  or  about  its 
angle  of  least  resistance,  the  ordinates  downwards  from 
the  zero  datum  line  being  the  negative  pressures  on  the  upper 
surface  of  the  foil,  and  the  ordinates  measured  upwards  from 
the  said  datum  line  being  the  positive  pressures  on  the  under 
surface,  in  both  cases  measured  above  and  below  atmosphere. 
Plotting  the  same  curve  in  Fig.  40  and  taking  a  datum  line 
corresponding  to  zero  motion,  ordinates  will  represent  fluid 
tension  (negative  pressure)  and  the  velocity  at  every  point 
is  represented  by  the  square  root  of  its  ordinate  ；  hence  the 
skin  friction  will  vary  as  the  ordinate  itself,  and,  referring 
to  Fig.  40，  the  effective  coefficient  of  skin  friction  will  be 
greater  than  normal  in  the  relation  of  the  mean  of  the  ordi- 
nates a  h  a  c  to  the  ordinate  a  (1 .  Referring  again  to  Fig.  39,  it 
may  be  observed  that  the  mean  pressure  increase  on  the  under 
face  is  approximately  one-fourth  of  the  mean  pressure  decrease 
on  the  upper  face  ；  taking  this  proportion  as  a  basis,  I  give, 
in  Fig.  41,  graphs  of  the  augmentation  of  the  skin  friction 
as  a  function  of  the  aerofoil  pressure  constant  ；  the  normal 


Rayleigh. 

Ordinarily  u  — 

similarity  by  L,  presupposes  geometrical    similarity,    i.e.  geometrical 


X  Ordinarily  the  linear  dimension,  represented  in  the  laws  of  dynamic 


form  as  an  invariable.    In  the— present  usage,  owing-  to  the  thinness  _o 
the  layer  of  air  affected,  L  may  be 
plane  in  the  direction  of  motion. 


takt'ii  as  the  linear  dimension  of  the 


Fig.  41. 

coefficient  proper  to  the  LV  value  in  question  being  read  on 
the  ordinate  corresj)onding  to  pressure  constant  =  zero,  on  the 
left  hand  of  the  figure.  In  the  case,  for  example,  of  the 
normal  value  of  the  coefficient  being  0  008，  it  will  be  seen 
that  for  a  pressure  constant  =  0*32  the  augmented  coefficient 
will  be  nearly  0'01. 

We  thus  begin  to  obtain  values  approaching  those  that  I 
have  found  to  apply  in  connection  with  tlie  theory  of  least 
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resistance.  ■  in  addition  to  the  above,  we  allow  an  addition 
to  represent  form  resistance,  as  has  been  found  by  Prandtl 
in  the  case  of  the  ichthyoid  body,  and  which  is  due  to  the 
degeneration  of  the  stream-line  system  consequent  on  tlie 
appearance  of  the  frictional  wake,  we  might  expect  the  effec- 
tive direct  resistance  of  the  aerofoil  expressed  in  terms  of 
skin  friction  equivalent  to  a  coefficient  of  0.0175，  which  is  in 
full  and  complete  agreement  with  experience.  The  assump- 
tion here  is  that  the  proportion  of  the  added  form  resistance 
bears  the  same  ratio  to  the  true  skin  friction,  approximately 
3:4，  as  commonly  found  in  the  case  of  the  ichthyoid  body. 


FURNACE  INJECTIONS  TO  PREVENT  HANGINGS. 

In  a  recent  issue  of  u  The  Iron  Age "  Mr.  F.  L.  Grammer 
refers  to  the  occasional  very  heavy  loss  through  slips  in  blast- 
furnaces. Top  slips  are,  he  remarks,  heaviest  after  longest 
hanging,  partial  or  complete.  If  we  can  stop  or  shorten  the 
hanging  we  can  reduce  the  slip.  This  means  reducing  the  loss 
of  coke，  ore,  and  stone,  as  well  as  increased  safety  to  persons 
passing  underneath  ；  it  also  means  fewer  broken  castings  at 
the  furnace  top. 

Let  us  consider  the  factors  we  believe  favourable  to  top 


ore  hanging  in  an  iron  blastfurnace.    They  are  ： ― 

Straight  stack  ；  represent  its  angle  with  plumb  line  by  ...  A 

Narrow  stack  ；  represent  its  diameter  by    D 

Fineness  of  ore  particles  ；  call  the  number  to  an  inch    N 

Softness  of  ore  particles  ；  call  hardness  by    H 

Kicliness  of  ore  particles  ；  call  the  units  of  iron    U 

Higli  tension  of  gas  ；  represented  by    t 

Thick  zone  of  carbon  deposition  ― chiefly  governed  by 

temperature  and  gas  composition  and  furnace  height  Z 

Slow  descent  of  charge,  velocity  in  inches  per  minute   V 

Vertical  thickness  of  ore  charge,  represented  by    C1 

Gas  pressure  due  to  velocity  of  rising  gas  at  zone  of 

carbon  deposition    P 


There  are  other  obvious  influences  such  as  the  method  of 
distribution  of  stock  and  specific  gravity  of  fuel  and  ore.  The 
above  listed  ones  are  the  customary  factors  and  will  be  con- 
sidered exclusively.  These  influences  may  be  put  into  a 
mathematical  expression  which  will  enable  one  to  form  a 
reasonable  expectation  and  possibly  a  curve.  Calling  T  the 
tendency  to  bang,  then  T  varies  directly  and  inversely  as 
follows  : —— 

NU^PCZ 
H  V  AD 

Of  these  influences  the  most  potent  seem  to  be  N，  H，  A， 
nnd  then  P,  Z，  C，  and  possibly  t .  These  latter  are  more 
flexible  and  more  susceptible  to  change  than  the  first  three. 

It  is  generally  recognised  that  sustained  hangings  do  not 
often  occur  on  furnaces  using  coarse  ore  or  even  on  magnetic 
concentrates  unless  very  finely  ground.  Hangings  occur  less 
011  short  furnaces,  and  this  is  explained  by  the  fact  that  such 
furnaces  usually  possess  more  tapered  stacks,  offering  less 
foothold  for  arch  or  dome  to  spring  from.  Also  such  furnaces 
naturally  have  shallower  zones  of  carbon  deposition  than  the 
latter  furnaces,  where  graduations  of  temperature  occur 
through  greater  height. 

We  all  know  that  carbon  deposition  is  less  marked  on 
magnetic  ores  ；  it  is  also  less  marked  on  manganese  ores . 
One  can  easily  appreciate  that  the  finer  the  ore  the  more 
surfaces  there  are  offered  on  which  the  gas  may  react  in  this 
zone  of  change.  It  also  holds  that  the  finer  the  ore  the 
smaller  the  interstices,  and  the  more  the  carbon  deposited  fills 
such  space,  more  completely  binding  the  mass.  A  rich  ore 
offers  more  iron  than  a  lean  one  and  so  favours  deposition. 
Smaller  particles  of  ore  increase  the  resistance  to  the  passage 
of  the  blast  and  are  themselves  supported  more  by  the  rising 
gases,  as  in  a  jig.  Tension  of  gas  incident  to  back  pressure 
tends  to  force  gas  around  more  particles  of  ore  and  so  favours 
reaction.  There  are  analogies  in  other  chemical  processes  to 
warrant  the  reasonableness  of  the  belief  that  high  tension  of 
gas  accelerates  carbon  deposition  from  gas. 

Among  recognised  cures  for  these  evils  is  first  slackening 
of  the  blast.  This  reduces  the  buoying  effect  of  rising  gases 
and  the  weight  of  stock  moves  the  mass  downward.  Cold 
wind,  by  altering  zones  of  heat  and  reaction  and  also  by  con- 
traction, assists  somewhat  at  times,  but  not  so  markedly  as 


cold  wind  applied  to  cure  a  bosh  hanging.  Gas  tension  is 
reduced  by  cleansing  flues  and  gas  outlets,  or  making  passage 
areas  greater. 

The  furnaceman  may  modify  the  size  of  the  charge  some- 
what. I  have  known  the  doubling  of  the  size  of  a  charge  to 
increase  blast  pressure  by  50  per  cent,  and  more.  These 
moves,  however,  have  drawbacks.  It  is  not  always  desirable 
to  lower  the  temperature  of  the  blast,  and  reducing  wind 
volume  decreases  the  output  if  it  does  nothing  worse 

In  routine  operations  these  represent  the  ordinary  gamut 
of  controls.  The  ore  has  to  be  used  as  it  comes  from  the 
stock  pile.  An  excessively  fine  portion  being  put  in  the  bins, 
combined  with  the  furnace  driving  slowly,  is  likely  to  be 
followed  by  a  period  of  hanging,  slips,  or  spitting  at  the  top. 
Hanging  reveals  itself  before  the  slip  by  blast  pressure 一 stock 
gauge  measurement  or  through  records ― or  by  the  appearance 
of  the  gas  at  the  stove  or  boiler  burners  and  possibly  by 
changes  in  gas  composition  revealed  in  composimeters  such  as 
Uehlings,  &c. 

However  these  explanations  may  be  regarded,  it  is  cer- 
tainly true  that  the  influences  which  affect  the  blast  pressure 
and  temperature  and  composition  of  rising  gases  at  the  zone 
of  congestion  will  modify  the  strength  of  the  arch.  I  there- 
fore propose  that  furnace  stacks  should  be  equipped  with 
devices  to  introduce  steam,  other  gases,  or  water,  say  15ft.  to 
25ft.  below  the  stock  line. 

The  action  of  these  injections  might  be  explosions  in  the 
case  of  water,  or  chilling  in  the  case  of  gas  or  steam  ；  but,  if 
they  occur  below  or  at  the  side  of  the  congestion,  they  should 
break  the  dome  and  re-establish  the  downward  movement. 
The  valve  controlling  should  be  accessible  to  men  at  the 
furnace  front. 

So  far  as  I  can  learn  this  is  a  new  idea  and  should,  prove  of 
benefit  in  saving  heat  in  ejected  material  as  well  as  otherwise. 
Steam  injection  has,  however,  been  tried  at  the  tuyeres  for 
bottom  hangs,  operating  either  through  pressure  or  chilling. 
I  am  informed  that  at  certain  furnaces  this  has  been  found 
efficacious  in  urgent  need. 


THE  CHECKING  OF  PYROMETERS. 

A  somewhat  novel  method  for  checking  pyrometers  lias, 
according  to  "  The  Iron  Age/'  been  developed  by  The  Henry 
Souther  Engineering  Company,  of  Hartford,  Conn.  This 
makes  use  of  the  critical  points  of  blocks  of  steel  of  known 
quality  and  consists  in  heating  a  block  of  steel,  the 
decalescence  and  recalescence  points  of  which  are  known,  to  a 
temperature  of  1,500°  to  1,550°  Fall.,  withdrawing  it  from 
the  furnace  and  permitting  it  to  cool  in  the  air.  The  fire 
end  of  the  pyrometer,  which  has  been  previously  heated  to 
redness,  is  inserted  in  a  drilled  hole  in  one  end  of  the  test 
block,  and  the  drop  in  the  temperature  of  the  test  block  care- 
fully observed.  As  the  critical  point  on  cooling,  or  the 
recalescence  point,  is  reached,  the  needle  will  hang  for  an 
appreciable  period  before  continuing  again  in  its  downward 
course.  When  this  occurs,  the  observed  temperature  should 
correspond  with  the  recalescence  temperature  furnished  with 
each  block.  If  the  observed  temperature  does  not  agree  with 
tlie  proper  recalescence  point  for  the  test  block,  it  is,  of  course, 
apparent  that  the  instrument  is  not  reading  correctly.  The 
same  temperatures  for  the  decalescence  and  recalescence 
points  will  always  be  obtained,  even  though  the  blocks  are 
reheated  a  number  of  times,  and  it  is  thus  possible  to  use 
them  over  and  over  again  for  checking  purposes  without 
affecting  the  critical  temperatures  in  any  way.  The  test 
blocks  are  approximately  2Mn.  diam.  and  4iin.  long,  and  it 
is  stated  that  no  special  precautions  are  necessary  during  the 
cooling  other  than  to  avoid  strong  draughts. 


Explosion  of  Kitchen  Boiler. ― At  a  lodging-house  at  James- 
town, Inverkeithing,  a  boiler  in  the  kitchen  exploded  on  the 
1st  inst.,  causing  injury  to  five  men.  Some  men  who  had 
arrived  off  their  night-shift  duty  at  Rosyth  were  engaged 
cooking  a  meal  when  the  explosion  occurred.  As  a  result  of 
the  explosion  the  boiler  was  dislodged  and  the  apartment 
v、'as  shattered.  It  is  supposed  that  tlie  explosion  was  due  to 
one  of  tlie  wft'M-  ])ipes  entering  the  boiler  becoming  choked. 
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INDUSTRIAL  AND  TRADE  NOTES. 
Petroleum  Output  of  Japan  in  1913. ― H.IU.  ('oimii'' ( i:i  I  Ailacln''  a  I 
Yokohama  reports  that  Ui(、  output  ("•  (tu(I<>  petroleum  i n  J :ip;i n 
in  Willi  a mountod  to  8,7.V2,.r>(M)  cases  (ol'  8  1  mjx'rial  jj;  illoits),  ;is 
compared  w  itli  7, cns*»s  in  】912，  an  ii"  iv;is(、  ol"  H)  pi'r  (  ,'iit. 
Tlit、  chiel"  ooiitril>uLoi*  to  tho  191:1  on t put  u:is  Ui<、  district  ol 
Nii^jiia  k(Mi  with  8/2(>(),  1  15  ('"sps，  as  coin |>n  i  rd  u  itli  7，  T」 ！，， （;（'（»  cases 
in 

British  Exports  of  Coal.— TIio  oxport  of  roal  (with  tho  small  quun 
titics  of  coko  and  lor  the  first  five  montlis  ol  tliis  •、'（'；"'  、、t'r" 

'J(),149,()(J0  tons,  (>( ！ 0,000  ions  hclow  U"、  figmvs  for  the  coi  respond 
ing  period  of  last  •、'（""•，  liut  iioa rly  i), ()()(),()( )()  tons  n\tno  than  in 
tlit1  samo  period  of  1912 ― tlio  strike  vmr.  I  n  addition  to  the 
direct  exports,  tlio  l>'ml"'r (oal  sliipptnl  i'or  vessels  in  tho  lon'ijj;', 
trade  reached  8, ")()(),()()()  tons  tor  tlu*  five  montlis— an  iiicr ('； is,'  nl 
iiltout  1  ">(),(M)0  tons  on  tho  same  period  of  last  year.  Tl"!  d('('laivd 
value  per  ton  at  the  ports  was  a  little  low than  a  year  ago. 
So  i'a v  this  year  the  total  value  of  coal,  with  coke  and  l'nel, 
exported  from  ("vat  Britain  reacht'S  tho  lii^li  ii*i;u  re  o) 
£20,900,000,  or  above  £4,180,000  per  month. 

Stanley's  Patent  Swivel  nib  Drawing  Pen. 一 In  tho  ordinary  type  of 
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Stanley 's  Patent  Swivel- 
nib  Drawing  Pen. 


io  is  spoilt  in  cIoaiiiii<;  tlu'  nil) 
and  in  adjusting  it,  after  rr 
filling,  to  tho  requirod  tliickncss 
of  line.  To  ovorconu^  tlieso  oh.jt't'- 
tions  Messrs.  W.  F.  Stiinloy  &  Co.， 
litd.,  tho  well  known  manufacturers  of 
d  rawing  and  surveyin«i;  instruments, 
of  286,  High  Holboni,  London,  、V.( .. 
havt1  recently  introduced  the  pen  illus 
trated  herewith,  in  which  tlie  nibs  can 
be  instantly  oponed  out  for  cIoaniii<j; 
and  afterwards  replaced  without  inter- 
fering in  any  a\  ay  with  the  original 
adjustment  of  the  thickness  of  liii,、 
In  construction  the  lower  nil)  is 
swivelled  upon  a  central  screw,  and 
when  the  pen  is  in  use  this  is  held  in 
position  by  the  ring  A.  To  open  for 
cleaning  it  is  only  necessary  to  slide 
hack  the  ring  and  open  out  the  nib  as 
shown  in  the  right-hand  illustration  ； 
after  which  the  nib  and  ring  are  ro 
placed,  which  automatically  readjusts 
the  pen  to  its  original  setting. 

New  Motor  Ship.-- Sir  W.  G.  Arm- 
strong, Whitworth,  &  Co"  recently 
launched  from  their  AValkeron-Tyno 
shipyard  the  twin-screw  motor  cargo 
vessel  "  Abelia/1  which  they  have  built 
for  the  Flower  Motor  Ship  Company, 
of  London.  The  vessel,  which  will 
carry  about  5,600  tons  deadweight,  is  350ft.  in  length, 
46ft.  9in.  in  moulded  breadth,  and  27ft.  in  moulded 
depth.  She  is  built  on  the  Isherwood  principle  of  longi- 
tudinal construction.  She  will  have  twin  motors  of  the 
direct-acting,  reversible,  two-cycle  type,  with  scavenging  and  air 
compressors,  and  developing  l?200b.h.p.  at  135  revs,  per  miimt,>. 
Two  boilers  are  being  fitted  for  supplying  steam  for  deck 
machinery,  steering  gear,  and  electric  light.  The  propelling 
motors  are  being  supplied  by  the  AVallsend  Slipway  and  EhKi"'' 
ing  Company. 

Employment  in  the  Engineering  Trades.  —The  Hoard  of  Tvudo 
Labour  Gazette  states  that  employment  in  May  was  on  the  whole 
good.  There  was  no  further  decline  in  the  pig  iron  and  l 
trades,  but  iu  shipbuilding  oniploynient,  although  still 
showed  some  falling  off.  There  was  also  a  seasonal  dt'clino  in  coal 
mining.  The  engineering  and  tinplato  trades  continued  to  U、 
well  employed.  Compared  with  a  year  ago,  emi)loyment  showrtl 
a  decline  in  the  principal  trades.  Tho  coalmininji;,  eii^inooriii^, 
and  shipbuilding  trades  were  not  so  fully  employed,  and  there 
was  a  marked  decline  in  tho  pi^  iron  and  iron  and  steel.  Tlio 
changes  in  rates  of  wages  affected  177,000  、vorlq>。oi>k',  of  、vlmm 
17, (MK)  received  a  a  increase  of  £l,7(Kt  u  wook  ； ui(l  lt>(),(M  H)  sus 
tainod  a  decrease  of  £4,300  a  week,  tho  i"'t  result  hv\u^  a  ("".n':^ 
<" t*—),"(K)  per  week.  The  im"""'i'  of  now  disputt^s  in  May  was  1  10, 
and  the  total  numher  of  workpeople  involved  in  disputes  in 
pi-ogress  was  76,779,  compared  with  211,211  in  tlio  pivvioiis  niontli. 

Colliery  Managers  and  Legislation.— In  tlu4  (、om'si、  of  so""'  n、"i:uks 
recently  made  at  the  annual  dinnor  of  tl"、  Xatioiml  Associat ion 
of  Colliery  l\【anagers，  Prof.  Louis  statod  that  tliero  w  ； is  no  rl;i、、 
of  men  who  had  been  so  siti^led  out  for  le^islal        oi'  nil  kinds 


as  had  tlio  oolliory  "liiiiw'r.  1  fo  had  tr>  ，"'："'  a  、v('ight  ol  legis- 
lation, of  orders,  and  -  of  ro^ulations,  and  had  not  timo  to 
i  n  tho  roKtilations  Ix-lorc  I",  u  as  st:irtl''«l  w  itli  a  fr<'、li  K.i  t  <  li 
from  tl"、  Homo  《）Hi(  <'.  1 1  <•  u  ； is  coii\  inci-d  that  what  tlit-y  r'-allv 
it'((iiirod  was  not  moro  rc^nluiions,  f)iit  rr  rcmilatious  inoro 
cxiurtly  ca rried  out.  1 1,、  did  not  think  \io  c<m\t\  r<'m'  ml,('r  u 
s^i-ions  ('olli"rv  iK-cidcni,  tlio  catisc  ol  w  liirli  was  properly  trac«  «l , 
u  itlioni  it  Ixmii^  shown  tliat  that  a(  <  i'l'  ht  u  as  dm'  Ut  an  "if  r;"'- 
t.'on  of  regulations ― rc^ulatioiis  such  as  、、<'i'e  ac(*<'pt*»(l  in  n  pillar 
(  "ll"'ry  practice.  Tl"'v  w  aiitcrt  to  strrit^tln'ii  tlx*  <  olIi<*ry 
niaiia^rr's  hands,  so  that  1"'  could  onloicc  l>ctt<T  dis^ipli no,  and 
nia it  pos-sible  lor  liim  to  insist  upon  rcj^n lations  I't'iiig  r;"'ri('l 
out  as  tlu-y  slmiild  lie.  l'V、、  regulations  、、，'ll  cai  ri'-d  out  、、<'n» 
worth  tho  reams  oi'  regulations  they  now  liad  to  striij^^lo  u  itli. 
Tho  Government,  1"、  addrd,  liad  paid  tho  colliery  "mi",""  i、  a 
stupendous  compliment.  The  Govt'inincnt  liad  rcro^iiiM'd  that 
colli(M*y  niniia^cniont  r('(|iiiivd  men  of  such  cxcoptiona!  attain- 
nuMits  and  capaljilitics  that  it  liad  r;iisc<l  tin-  btatula n\  ot  f-xatnina 
tions  very  considtMa!>ly. 

The  Proposed  48  hours  Week  in  the  Engineering  Trades. ― In  t  ho  June 
i  mport  of  tho  Anial^ainatod  Stx'ioty  oi'  Kiigim't'rs  Mr.  Hrnw  nlio, 
cliainnan  of  tlie  Exccutivt*  Council,  ^i\cs  ； in  account  oi'  tlu-  t、、', 
confVroncos  whicli  took  place  in  .May  with  tlio  Kcd<'r;it«-rl  Kn^in(»<M - 
iiig  lOmployers  on  tho  (juostion  of  tlu*  48  Iiours  wwk.  At  tin-  li \  -i 
of  tho  meetings  tli(>  following  menioraiidiiiM  was  agr'','(l  upon  ： 
" The  representatives  of  the  employers  have  considi  r'  (l  tlio 
turthtu*  a r^uments  placed  l)eforo  them  today  l>y  thv  rcpicsrn- 
tatives  of  tho  unions,  and  whilo  they  do  not  s(»o  tliat  any  t n rtln-r 
reason  lias  Ixmmi  ； uldiK-od  for  a  n'd'irtioii  of  Iiours  ht'.voml  wliat 
、、； is  advanced  in  1897，  tlu»y  are  prepared  to  go  into  tlio  sti Kjcct 
furtlier  with  a  view  to  consulting  their  constituents  again,  on 
tho  undorstandiii<j;  that  the  representatives  of  the  urions  w  ill 
oxplain  :  ( 1)  What  security  they  can  offer  to  the  employers  that 
a  reduction  of  hours  will  not  result  in  a  reduction  of  output. 
(*2)  How  a  working  wook  of  reduced  hours  could  be  arranged  with 
regard  to  overtime,  niglit  shift,  continuous  working,  A:c.  For  tho 
purpose  of  going  into  this  matter  this  conference  stands 
adjourned.,J  At  the  second  meeting  Mr.  Brownlie  contonded  iu 
answer  to  these  questions  that  historical  experience  of  the  ten- 
hour  and  nine-hour  movements  proved  hcyund  doubt  tliat  not- 
withstanding the  reduction  in  hours  from  12  to  10  per  day,  and 
from  ten  to  nine,  the  output  、vas  in  no  case  diminished,  hut 
considerably  increased.  He  quoted  authorities  to  prove  that  tlu» 
experience  of  the  "home"  manufacturer  was  not  peculiar  to 
this  country,  but  applied  to  the  whole  civilised  world,  and  gave 
instances  of  the  output  under  eight  hours  being  equal  to  that  of 
nine,  in  consequence  of  men  working  in  ha rmony  、vith  a  national 
law.  "  To  say  that  the  employers  wore  convinced  by  our  argu- 
ments would  be/'  Mr.  Brownlie  adds,  "to  take  libei ties  with  tl»o 
English  language."  A  spirited  discussion  follo\Vf<l.  in  w  hich 
most  of  those  who  were  present  took  part,  with  the  result  that 
the  employers  informed  us  that  thoy  would  havo  to  report  to  their 
respective  associations,  and  would  give  their  answer  by  the  end 
of  iioxt  month. 


METAL  QUOTATIONS. 

TUESDAY,  JUNE  U»th. 

Aluminium  ingot   80/-  per  cwt. 

"        wire,  according  to  sizes,  &c  from  107/4  ，, 

，,        sheets       ，，  ，，    ，，  112/-  „ 

Antimony  £2G/5/-  to  £28/-/-  per  ton. 

Brass,  rolled   7Jd.  per  lb. 

，， tubes  (brazed)    9Jd.  ，， 

"       ，， (solid  drawn)   7Jd.  " 

,，       ，， wire   7Jd.  " 

Copper,  Standard   £C1/12/I>  per  ton. 

Iron,  Cleveland   51/U  ，， 

，， Scotch   57/1J  ，， 

Lead,  English    £20/2/fi  ,' 

，， Foreign  (soft)   £19/15/- " 

Mica  (in  original  oases),  small    fid.  to  3/ -  per  lb. 

，，  ，,  ，，       medium    3/6  to  (J/—  ,. 

，，  ，，  '，       large    7/G  to  11/- ,, 

Quicksilver    £7/-/-  per  bottle. 

Silver   25JJtl.  per  oz. 

Spelter    £21/7/6  per  ton. 

Tin,  block   £VM\/\0/~  per  ton. 

Tin  plates,  I.C   12/-  per  box. 

Zinc  sheets  (Silesian)    £24/10/-  per  ton. 

,，         (Stettin;  Vieille  Montagne)   £24/12/6  ,, 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  oj  Wd.  Address 
" Mechanical  Engineer,"  53,  New  Bailey  Street,  Manchester. 


27542. 


MECHANICAL  1912. 

and  difFercMitial  for  motor- cars.  Mason. 
1913. 

Decarburising  metals.    Bucher.  4667. 

Ignition  and  starting  systems  for  internal-combustion  engines. 

Languor.  7232. 
Iiifting  hook.    Mawle  &  AVass.  8652. 

Revolving  cylinder  internal  combustion  engines.  Romaszko.  9677. 

Means  for  locking  nuts  or  bolts.    Wade.  11773. 

Combustion  of  combustible  mixtures.  McCourt,  and  Bonecourt 
Surface  Combustion,  Ltd.  11956. 

Furnaces  or  other  heating  apparatus.  McCourt,  and  Bonecou rt 
Surface  Combustion,  Ltd.  11957. 

Generation  of  steam,  feed-water  heating,  and  the  heating  of 
liquids  generally.  McCourt,  and  Bonecourt  Surface  Com- 
bustion, Ltd.  11958. 

Kotary  well-horing  apparatus.    Mackenzie.  11968. 

Air  compressors.    British  Thomson-Houston  Company.  11996. 

Reversing  ^ear.    Apj>leyard  A'  SaU'S.  12117. 

C'iuhuretters  for  internal-combustion  engines.  Watson  &  Duncan. 
12123. 

Varial)le-8peed  driving  mechanism.    Wade.  12167. 
Treatment  of  tin  ores.    Wade.  12267. 

Governing  mechanism  for  engines.      British    Thomson- Houston 

Company.  12477. 
Roller  boring  drills.    Hughes.  12560. 

Revolving  cylinder  i liter nal-comhustion  engines.    West.  12589. 
Perforating  transmission  belts.    Eaves.  12590. 
Carburetters  for  internal-combustion  engines.    Clark  S:  Godclard. 
12620. 

Fluid  flow  meters.    British  Thomson-Houston  Company.  12663. 
Carhuretters  for  internal  com hustion  engines.     Binks  &  Binks. 
12690. 

Centrifugal  pumps.    Siemens  Schuckertwerke  Ges.  12738. 

Ash ？ stos-m et a  1 1 i c  packing  for  steam  engines.    Howard.  12763. 

Cams.    Allegemeine  Elektricitats  Ges.  13108. 

Boilers  or  evaporators.    Catt.  13188. 

A\'iucling  or  haulage  machinery.    Gill.    13798.  、 

Boring  and  screw-cutting  machine.    Sauzade  &  Abry.  14216. 

Furnaces.    Atterlniry  A:  Matthews.  14862. 

Valve  mechanism  for  steam  engines.    Sensini.  15004. 

Rope  pulleys.    Frood.  15211. 

Process  of  reducing  ore  to  metal.    McLarty.  16277. 

Hot-tube  igniters  for  internal-combiistioii  engines.    DufFett  and 

Smith.  17091. 
Liquid  meters.    Kent.  17106. 

Furnaces  for  heating  steam  boilers  by  means  of  coml>ustil)le  gases 

or  vapours.    Cousin.  17515. 
Furnaces.    Thomas.  17672. 

Combustible  mixtures  for  internal-combustion  engines.  Heyl. 
18417, 

Centrifugal  pumps.    Siemens  Schuckertwerke  Ges.  18572. 
Chain-grate  furnaces.    Bennis.  18637. 

Driving  and  reversing  gear  for  engine  shafting     Ferguson  and 

Ferguson.  19063. 
Casting  machines.    Campbell.  19353. 
Apparatus  for  producing  water-gas.    Choury.  19363. 
('"rim retting  apparatus  for  internal-comliustion  engines.  Lloyd. 

19591. 

Vic3S.    Vauthrin.  19665. 

Tootliod  gearing.    British  Thomson-Houston  Company.  19937. 
Apparatus  for  heating  or  cooling  fluids.     Watson   &  Hilletop. 
19970. 

Steam  valve  gear  for  pumps  and  compressors.  Brzezinski.  20359. 
Worm-Beared   hoisting  machinery.     Hrrlwt  Morris,   Ltd.,  and 

Butterworth.  21167. 
Turret  lathes.    Herbert  &  Vernon.  21G3G. 

I.ithricating  devices  for  use  upon  internal-combustion  engines. 
Pearson.  22279. 

Means  for  supporting  and  guiding  blow-pipes  for  welding  and 
cutting  metals.  L'Oxvhvdritiue  Internationale  Soc.  Anon. 
22628. 

Process  of  casting  ingots  of  metals  and  alloys,  and  apparatus 

therefor.    Durville.  23719. 
Means  for  stopping  railway  trains    independently    of  drivers. 

Bassett.  23894. 


Cocks  and  valves.    Napper.  23912. 

('mitrollii";  Wcvicrs  tor  iln  if]  |)iimj)s  in  internal  conihiistion  engines. 
Rundlof.  23947. 

Varial>l''、p"('(l    motion    transmission    mechanism.      Stres«*iu  and 

Falin.  24209. 
Stuffing  l>ox  packing.    Cook.  24613. 

Head-stocks  of  electrically-clriven  lathes.    Kienzle.  24686. 
Carhuretters  for  use  with  intern al-comhustion  engines.    Soc.  Les 

Fils  de  A.  Loduc  &  Cie.  25199. 
Starting  mechanism  for  explosion  motors.    Fillottiiz.    'Jfi.'ilH . 
Valves  for  steam  or  water.    Clayton  A:  T;i.vlor.  204. 'U. 
Wrenches.    Vacarezza.  27145. 

Train  dispatching  and  signalling  systems.    Si  mm  en.  27474. 

Gas  producers.    Sahlin.  27888. 

Tiiqiiid-fuel  spraying  devices.    Hamill.  283:)丄 

Heat  diffusing  devices  for  the  smoke  tubes  of  steam  generators. 
Pielock.  28374. 

Fuel-injecting  devices  for  internal-comhustion  olivines  Pasel. 
28497. 

Cylinders  for  internal  combustion  engines.    Grumvald.    29(K  )•"). 
Roller  bearings.    Mocller.  29716. 

Rotary  valves  for  intern iil-comliusti on  engines.    Hallett.    2!f -3. 
Self-acting  grinding  and  polishing  machine.    Offei'mann.  ^0028. 

1914 

Recording  speedometers.    Knopf  <Vr  Knopi".  756. 
Carburetter  for  internal  combustion   motors.  Berlin. 
Frictional  change  speed  gearing.    Liiulley.  1500. 
Heat  engines.    Godoy.  1872. 

Fluid  pressure  braking  apparatus.    Turner  S:  Donovan.    2 80."). 

Thermostatic  control  apparatus.    M alone.  3998. 

Method  of  a apparatus  for  d^ttMinining  the  density  ol'  ^ases. 

Homhard  &  Konig.  4628. 
Operation    of    turbo-compressors    or    pumps.      Akt.-Ges.  Br(>、vii, 

Boveri,  &  Ci?.  5042. 
Safety  nut-locks.    Ercinas.  5061. 

Regenerative  coke  ovens.    Carl  Still  and  Wilke.  6036. 
Cranes.    Lake,  and  Lake  &  Elliot,  Ltd.  (3230. 
Pneumatic  hammers.    Pnllen.  8331. 

Attachment  of  wire  ropes  to  the  cappels  of  colliery  cages.  Butter- 
ley  Company,  and  Drabble.  9682. 

ELECTRICAL,  1913. 

Electric  heaters.    Mann.  11993. 

Teleplione  systtMiis.    Autoinatio  Tclf^plione  Manufn rturin^  Com- 
pany. 12035. 
Tncaii(l^.sc,Mit  electric  lamps.    Harrison.  12054. 
A  re  lamps.    Ay  rto  n .    1 2(  )82. 
Electrical  selectors.    Hodgkinson.  12100. 

Fittings  for  m?tnllic  conduit  systems  for  housing  t-lectrical  con- 
ductors.    Simplex  Conduits,  Ltd.,  and  Waterhouse.  12115. 

Tt'l'  plmi!。  systems.  Automatic  Teleplione  Manufacturing  Com- 
pany. 12162. 

Manufactu re  of  electric  cables.    Beaver  &:  Claremont.  13602. 
Electric  motor  control  systems.     British  Thomson-Houston  Com- 
pany. 14796. 

Junction  boxes  for  electric  circuits.    Walker.  14848. 
Electrical  heating  units  and  resistance  coils.    Campbell.  15014. 
El?ctrical  switches.    Fahn  &  Hutton.  1727o. 
Electric  cut-outs.    Murray.  17345. 
Printing  telegraph  apparatus.    Card  well.  17439. 
Tflrphone  transmission  systems.  Western  Electric  Company.  18018. 
Meclianisni    for   prnducin^   a    ^top-hy-step    motion    hy  electrical 
means.    Evei-shed  tt  Vignoles,  Ltd.,  and  Needham.  282:". 

1914. 

Brusli-holder  and  plug-contact  tor  u.so  with  magneto-electric 
ignition  apparatus.    Unterberg  &  Helmle.  3832. 

Alternating  electric  current  machines  having  bar-windiji^.  All 
ma  una  Svenska  Elektriska  Aktiebolaget.  8565. 

Starting  and  synchronising  of  rotary  converters.  Siomens 
Schuckcrtu  (M'kf1  Ges.  9225. 


Fire  Prevention.  ― The  International  Fire  Service  Council 
lield  an  Executive  meeting  in  London  on  June  15th,  1 6th ,  and 
17th.  The  meeting  was  held  at  the  invitation  of  the  British 
Fire  Prevention  Committee,  and  the  principal  items  under 
consideration  were  the  preparation  of  an  International  Fire 
Dictionary,  i.e.,  a  dictionary  of  fire-teclinical  terms  in  three 
languages,  and  the  arrangements  for  a  conference  on  certain 
fire-service  and  fire-preventive  subjects  to  be  held  at  Copen- 
hagen in  1915. 
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UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,   Highest    Pressures,    Oil  Pumping 
Air,  Gas,  &c.  (2 


ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD  OFFICE: 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
Works :  PONDERS   END,  MIDDLESEX. 

Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 


Telejtrams:  "Scientific,"  Manchester. 
Telephone  No.  6655  City. 

SUBSCRIPTION  RATES. 


United  Kingdom  ：  12/6  per  annum,  post  free. 
Canada :  14/6  per  annum,  post  free. 
Anywhere  Abroad  ： ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
*     2l/-*  ，，  ，，  Thick  ，， 

*Foreign  Remittances  by  International  Money  Order  only. 
Note— Direct  annual  subscriptions  include  a  Free  Copy  of 
bowlers  li  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the  Scientific 
里 ublishing  Company,  and  forwarded  to  our  Manchester  Office, 
o3;  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


The  "  PERFECT"  VISE 


E.  Dept.       J,  PARKINSON  &  SON,  SHIPLEY,  YORKS. 


TURNER  BROS.  LTD..  ROCHDALE 

Obtainable  From  ol!  Merchants 


Steam  Turbine  Design. 

In  the  development  of  epoch-making  inventions  it  often 
happens  that  the  crux  of  the  mechanical  difficulties  centres 
round  some  little  detail  that  seldom  comes  within  tlie  ken 
of  the  outride  public,  although  only  too  prominent  to  the 
actual  designer  or  constructor,  who  has  the  trouble  to  face 
aud  all  the  anxiety  that  it  means.  In  this  respect  the  evolu- 
tion of  the  steam  turbine  has  followed  pretty  much  the  lines 
of  experience  in  other  directions.  The  blades  seem  an  insig- 
nificant detail,  and  so  they  are  viewed  in  relation  to  the 
whole  machine,  but  their  shape,  construction,  and  attach- 
ment are  all  important,  and  the  amount  of  ingenuity  that  has 
been  expended  in  working  out  the  problems  associated  with 
tliem  is  known  only  to  those  who  make  a  study  of  patent 
records.  It  is  no  exaggeration  to  say  that  they  out-number 
far  and  away  all  other  patents  in  connection  with  steam  tur- 
bines combined.  As  regards  both  material  and  construction 
there  has  been  a  considerable  amount  of  evolution.  The 
blades  have  to  work  in  a  current  of  steam  of  considerable 
velocity,  and  it  not  infrequently  happens  that  the  steam  is 
laden  with  corrosive  moisture  or  with  foreign  particles  carried 
over  from  the  boiler  by  priming.  Centrifugal  stresses  have, 
of  course,  to  be  considered,  but  more  important  than  this  is 
the  tendency  of  the  blades  to  vibrate  in  the  strain  current, 
and  tlie  shrouding  and  other  means  of  bracing  the  outer  ends 
of  the  blades  is  not,  as  is  commonly  supposed,  adopted  with 
a  view  to  imparting  strength,  as  to  reduce  the  tendency 
to  vibrate,  which  it  does  mainly  by  raising  the  natural  period, 
and  thus  diminishing  the  amplitude  and  with  it,  of  t'oiu、t、 
the  periodic  stress.  With  the  two  main  classes  of  turbines, 
viz.,  the  impulse  and  the  reaction,  there  is,  of  course,  a  difTe- 
rence  in  the  type  of  blading  required,  the  one  requiring  a 
relatively  heavy  blade  section  and  the  other  a  light  oue. 
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Although  the  st  i  .mh  due  to  centrifugal  force  is  independent 
of  this,  inasmuch  as  it  is  a  function  of  the  density  of  the 
material,  there  is  naturally  considorahly  more  risk  involved 
in  the  event  of  a  lilade  breaking  away  in  the  case  of  t he 
heavier  blade,  and  this  possibility  lias  exercised  considerable 
influence  on  the  methods  of  construction  and  attachment'  that 
have  been  adopted  from  time  to  time.  Equally  as  much  atten- 
tion has  been  paid  to  the  material  of  turbine  blades  as  to 
their  construction,  and  the  efforts  to  secure  high  wearing 
power,  with  tenacity  and  ductility,  have  led  to  some  special 
troubles  in  the  use  of  cold  drawn  bars  which  could  not  well 
have  been  anticipated,  and  which  were  discussed  in  the  course 
of  Prof*  Heyn's  recent  paper  before  the  Institute  of  Metals. 
In  the  case  he  alluded  to  the  material  was  of  a  high-grade 
nickel  steel,  and  analysis  and  experience  of  its  behaviour  in 
other  directions  would  not  have  suggested  that  it  contained 
the  seeds  of  trouble,  and  yet,  after  use,  mysterious  crack 卜， 
began  to  make  their  appearance  on  the  convex  side  of  the 
cresceni>shaped  blade  section.  Careful  investigation  of  the 
internal  strains  in  the  blade  by  the  methods  suggested  by 
Messrs.  Heyii  and  Bauer  finally  disclosed  the  cause  of  the 
trouble,  and  also  suggested  the  method  by  which  it  could  be 
avoided,  but  this  was  only  arrived  at  after  prolonged  research, 
and  is  but  typical  of  the  equally  laborious  investigations 
that  have  been  necessary  in  many  other  directions  before 
the  degree  of  perfection  now  embodied  in  this  apparently 
insignificant  but  vitally  important  turbine  detail  could  be 
acquired,  and  which  it  was  necessary  to  attain  before  the 
growth  in  size,  which  has  been  such  a  conspicuous  feature  of 
turbine  progress  during  the  last  few  years,  was  possible. 

The  startling  character  of  this  growth  is  hardly  realised. 
It  was  in  1894  that  the  future  possibilities  of  turbines  were 
suggested  by  the  performances  of  the  u  Turbina/'  with  its 
2,000  li.p.?  developed  by  three  motors  running  at  3,000  revs, 
per  minute.  Its  effect  was  phenomenal,  not  only  in  marine 
but  also  in  land  practice,  and  led  to  a  convergence  of  inven- 
tive talent  on  steam-turbine  problems  that  has  caused  this 
type  of  prime  mover  not  only  to  forge  ahead  of  the  recipro- 
cating engine  as  regards  economy,  where  large  sizes  are  con- 
cerned, but  in  the  course  of  20  years  to  develop  a  size  of  unit 
which  is  stupendous.  Some  particulars  of  the  latest  and 
largest  that  are  being  laid  down  by  the  Philadelphia  Elec- 
tric Company  were  given  in  our  last  issue,  but  there  can  be 
no  harm  in  this  connection  in  repeating  thein.  The  unit, 
which  is  of  the  Curtis  type,  will  have  a  capacity  of  no  less 
than  35,000  kw.,  or,  roughly,  47,000  h.p.  It  is  difficult  for 
the  layman  to  form  an  adequate  conception  of  such  a  motor, 
but  some  idea  of  its  power  may  be  inferred  from  the  fact 
that  it  practically  represents  the  total  power  required  for 
30  Lancashire  cotton  mills  with  about  100,000  spindles 
each. 


LARGE  HUMPHREY  PUMPS  FOR  THE  EGYPTIAN 
GOVERNMENT. 

An  installation  of  Humphrey  pumps  has  been  ordered  by 
the  Ministry  of  Public  Works  of  the  Egyptian  Government 
for  the  drainage  of  Lake  Mareotis,  at  Mex，  near  Alexandria. 
When  completed,  this  plant  will  be  one  of  the  largest  pumping 
installations  in  the  world,  and  will  consist  of  18  enormous 
pumps  each  capable  of  delivering  100,000,000  gallons  per 
day  through  a  lift  of  20ft.  The  present  order  includes  the 
first  ten  of  these  pumps,  together  with  the  necessary  gas  pro- 
ducer plant,  Venturi  water  meters,  travelling  cranes,  loco- 
motive weighbridge,  regulating  gates  and  screens,  and  a 
complete  gas- driven  electric  light  and  power  installation. 
The  great  size  of  the  pumps  may  be  judged  from  the 


fact,  that  each  unit  is  to  be  capable  of  delivering  between  two 
and  three  times  that  delivered  by  each  large  llumplirey  pump 
liiiit  inst;i  llf^l  at  tJie  Metropolitan  Water  Boh rd's  pump- 
ing station  at  Chingford.  (  See  T)ic  M i  vluui n  al  PI injnu  <  ry 
January  9tli，  1914，  page  19  ante.)  It  will  be  recalled  that  the 
1  u."re  pumps  at  Cliingford,  which  were  started  in  operation 
by  their  Majesties  the  King  and  Queen,  in  March  of  191.3, 
had  an  output  of  40，000，000  gallons  per  day  each .  The  pinnjjs 
conijtrised  in  the  present  contract  have  been  designed  with  tl i <? 
； iid  of  the  valuable  experience  obtained  with  the  Chingford 
station,  and  include  many  notable  improvements,  although 
operating  on  the  same  cycle  which  lias  proved  so  successful 
at  Chingford.  The  following  approximate  dimensions  of  the 
pumps  for  Mex  will  be  of  interest. 

The  maximum  internal  diameter  of  the  conibustiou 
chamber  will  be  8ft.  8in.,  and  its  lieight  about  14ft.  The 
water  valve-box  will  be  8ft.  8in.  diameter  and  7ft.  liigh, 
and  will  be  fitted  with  100  valves  of  the  hinge  type,  specially 
designed  to  enable  any  valve  to  close  upon  an  obstruction, 
such  as  a  piece  of  wood,  without  throwing  undue  strain  on 
the  hinges.  The  design  is  such  that  on  the  next  stroke,  when 
the  obstruction  has  been  removed  by  the  rush  of  water,  the 
valve  will  automatically  readjust  its  position  and  close  fairly 
upon  its  seat.  This  type  of  valve  is  a  result  of  careful  experi- 
ment, and  has  proved  itself  thoroughly  satisfactory  under 
test. 

All  the  main  castings  will  be  of  steel,  and  will  be  carried 
ii  pon  a  cast  steel  bend,  which  connects  to  the  play-pipe.  This 
bend  will  be  in  two  parts,  making  up  the  118'5°  required  to 
connect  with  the  inclined  play-pipe.  At  Chingford  the  bend 
had  an  angle  of  90。，  aud  connected  to  a  horizontal  play-pipe, 
which  in  turn  connected  through  a  second  90°  bend  to  a 
vertical  conical  water  tower.  At  Mex,  however,  there  will 
be  only  one  bend,  and  the  play-pipe  is  sloped  upwards  so  as  to 
deliver  the  water  at  the  required  elevation  in  the 
discharge  basin.  In  order  to  reduce  the  velocity  of 
the  water  at  the  exit,  the  play-pipe  ends  with  a  long 
conical  portion  giviug  a  12ft.  diameter  outlet.  Not  only  does 
a  sloping  play-pipe  eliminate  one  of  the  bends  and  give  rise  to 
a  simpler  construction,  but  it  has  the  additional  advantage 
that  the  vertical  components  of  the  forces  due  to  momentum 
of  the  moving  masses  of  water  in  the  combustion  chamber 
portion  and  play-pipe  portion,  respectively,  are  balanced. 

The  pumps  will  be  started  by  forcing  into  the  combustion 
chamber  a  mixture  of  gas  and  air,  which  is  exploded  by  means 
of  the  usual  sparking  plug  and  switch,  so  as  to  give  rise  to 
the  first  oscillation,  after  which  the  working  becomes  auto- 
matic. Compressors  capable  of  rapidly  charging  the  pumps 
for  this  purpose  and  having  separate  cylinders  for  air  and 
gas  are  included  in  the  contract.  Five  of  the  pumps  will  be 
made  by  Messrs.  Wm.  Beardmore  &  Co.，  Ltd.，  of  Glasgow, 
and  five  by  Messrs.  The  Tecnomasio  Italiano  Brown  Boveri, 
at  Milan. 

The  anthracite  gas  plant  capable  of  gasifying  44  tons  per 
day  will  be  of  the  self- vaporising  type,  and  will  be  supplied 
by  the  Power  Gas  Corporation,  Ltd.  There  will  be  nine 
producers,  one  of  which  will  be  a  spare.  The  producers  will 
be  of  the  luted  type.  The  gas  fro  in  the  collecting  main  will 
pass  through  two  large  gas-cooling  towers,  and  then  through 
dry  scrubbers  into  a  gas  holder  of  10,000  cub.  ft.  capacity, 
which,  besides  forming  a  mixing  chamber  for  the  gas  will  be 
used  for  accurately  measuring  the  gas  during  the  official  trials 
of  the  plant,  although  for  ordinary  purposes  the  gas  will  be 
measured  through  a  rotary  meter.  The  plant  will  be  complete 
with  all  auxiliaries,  and  special  care  has  been  taken  that  the 
plant  shall  be  suitable  for  operation  under  the  climatic  con- 
ditions of  Egypt. 

The  plant  for  electric  power  and  lighting  will  comprise  two 
gas  engines  each  for  180  b.h.p.  normal  load  of  the  two- 
cylinder  horizontal  type,  running  at  190  revs,  per  minute, 
and  direct  coupled. to  120 kw.  generators.  The  current  will 
be  supplied  at  220  to  230  volts,  and  the  plant  will  be  com- 
plete with  generator,  power,  and  distribution  .switchboard 
panels.  The  lighting  will  be  partly  by  arc  lamps,  partly  by 
incandescent  lamps,  and  the  capacity  of  the  plant  is  such 
that  one  unit  will  normally  run  the  whole  of  the  electrically- 
driven  auxiliaries  both  at  the  producer  plant  and  at  the . 
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main  pump  house.  As  this  plant  lias  to  start  operation  in 
order  to  supply  current  to  the  large  overhead  travelling  ('r;ii"'， 
and  for  working  the  centrifugal  drainage  pumps  during  exca- 
vation, it  will  be  supplied  witli  a  200  h.p.  suction  ^as  pioductM 
plant  for  temporary  use,  until  the  main  plant  is  at  work. 

There  will  bo  t  wo  VViit  m'i  meters  supplienl  by  Messrs. 
George  Kent,  Ltd.,  oacli  arranged  to  measure  the  water 
delivered  from  one  or  niore  pumps  up  to  a  total  of  five.  Tht's'' 
meters  will  be  of  square  section,  and  12ft.  by  12ft.  in  the 
throat.  Continuous  recording  apparatus  and  counters  will 
be  fitted  to  show  the  rate  of  pimipiii"  and  the  quantity  of 
water  delivered,  and  will  be  electrically  connected  to  th，' 
recording  instruments  placed  in  the  piunp  house.  Tl"'  meters 
are  guaranteed  to  l)e  accurate  within  1]  per  cent.  Except  tliat 
the  throat,  diainelers  will  be  lined  with  gUJi-mctal,  t'(>  eiisur" 
smooth  and  accurate  stream  lines,  they  will  be  mostly  con- 
structed of  §in.  steel  plates  bolted  to  rolled  steel  joists,  and 
jointed  with  lead  strips.  The  meters  will  be  partly  supported 
in  the  natural  rock  as  excavated,  and  partly  by  concrete  walls. 

There  will  be  a  railway  weighbridge  placed  at  the  entrance 
to  the  sidings  for  the  Jiniin  installation,  liaving  a  capacity  of 
60,000  kilos.,  and  made  sufficiently  strong  to  take  a  locomotive 
up  to  75  tons.  It  will  be  of  the  patent  extension  type  manu- 
factured by  Henry  Pooley  &  Sons,  Ltd.,  and  will  carry  a 
ticket  printing  steelyard.  Tlie  weighbridge  will  be  a  com- 
bination of  two  self-contained  machines,  one  weighing  u】） to 
40,000  kilos,  and  the  other  up  to  20,000  kilos,  and  the  over- 
all length  will  be  42ft.  The  electric  crane  in  the  pump  house 
will  be  capable  of  lifting  up  to  30  tons,  and  will  have  separate 
motors  for  the  two  lifting  speeds  and  for  longitudinal  and 
transverse  motions.  The  span  will  be  about  3r)ft'.，  and  tlie 
crane  will  be  built  and  supplied  by  Messrs.  Jos.  Booth  and 
Bros.,  Ltd.,  Rodley. 

There  are  other  items  included  in  the  installation  which 
need  not  be  mentioned  in  this  preliminary  notice,  but  it 
should  be  stated  that  the  whole  of  the  work  will  be  carried 
out  under  the  supervision  of  the  well-known  firm  of  Messrs. 
Harper  Bros.  &  (5o.，  who  are  tlie  consulting  engineers  to  the 
Egyptian  Government.  They  have  prepared  the  specification 
and  plans,  and  have  designed  the  handsome  buildings  which 
will  become  a  landmark  in  the  neighbourhood  of  Alexandria. 


SURFACE  COMBUSTION  FOR  BOILER  HEATING. 

An  article  on  this  subject  by  O.  Dobbelstein  in  Gliickauf, 
April  4th,  1914，  and  translated  in  the  Proceedings  of  the 
American  Society  of  Mechanical  Engineers,  is  based  on  tlie 
work  of  the  German  commission  on  coke  ovens,  which,  in 
connection  with  the  Dortmund  Association  for  the  Inspection 
of  Boilers,  has  carried  out  a  series  of  tests  on  surface  com- 
bustion boilers,  at  which  the  inventors,  Prof.  W.  Bone  and 
R.  Schnabel,  were  represented.  The  tests  are  prefaced  by  a 
brief  description  of  the  surface  combustion  boiler,  and 
improvements  which  the  German  manufacturers  are  propos- 
ing to  make  in  them.  One  of  such  improvements  is  the  con- 
struction of  a  more  condensed  type  of  machine,  containing  in 
itself  a  preheater  and  superheater,  the  latter  being  heated  by 
a  mixture  of  air  and  gas,  burned  in  a  loosely  thrown  fire- 
proof mass,  as  shown  in  Figs.  1  and  2,  the  gases  of  com- 
bustion combining  with  the  boiler  flue  gases  and  passing 
out  through  the  preheater  v.  Instead  of  sensitive  gas  cocks 
pipes  of  a  cross-section  practically  equal  to  those  of  the 
fire  tubes  are  used,  which  the  gas  enters  laterally,  and  the 
air  from  the  rear.  Not  the  gas  admission  but  that  of  the 
air  of  combustion  is  regulated  by  means  of  ring  valves  set  in 
the  rear  part  of  the  tubes.  The  gases  come  through  the  main 
pipe  z,  and  divide  in  front  of  the  boiler  through  four  hori- 
zontally-placed side-by-side  branches  with  small  cross-section. 
These  branch  pipes  pass  between  the  extension  of  the  fire 
tubes  and  supply  with  gas  each  one  of  the  two  fire  tubes.  The 
lowest  branch  pipe  is  an  exception,  however,  since  only  the 
second  lowest  row  of  fire  tubes  (see  Fig.  3)  is  connected  witli 
it.  The  lower  five  fire  tubes,  an,  have  no  supply  of  gas  and 
air  mixture,  but  are  heated  by  exhaust  gas  coming  through 
pipe  an  from  the  separately-heated  superheater.  Tn  ； uUlit  ion 
there  are  provided  a  smaller  number  of  fire  tubes,  probably 
about  60，  having  a  larger  cross-section,  and  being  about  3  m. 


long.  This  arrangement  is  provided  for  the  case  when  hut 
feed  water  is  alrcadv  availahle. 

On  t he  Hanover  mine  tho  l>oiler  is  lieated  by  coke-o\ **n 
gas,  having  a  heating  value  of  about  4,000  \\'  I': 
(7，G()()  B.T.U.),  previously  passed  tliron^h  the  benzol  -*-|>;i 
rating  plant,  hut  not  free  from  liyd vo^on  suljjliide  nor  cyano- 
gon.  After  about  three  weeks  of  operation  it  was  f'oun<i 
that  the  fire<:Iay  filling  in  t lie  front  end  pipes,  on  account  of 
tlie  high  temperature  prevailing,  was  partly  melted  ami  |>;u  t  lv 
hrokeii  up.  It  was  also  fouiul  that  the  output  of  the  "oil*  r， 
which  was  initially  about  60*kg./sq.  m.  of  heating  surfar'O, 
had  de (； reasecl  considerably  hecnuse  the  porous  mas—  in  t Ik- 
fire  tubes  of  the  preheater  l"'r;mi('  <小, 'J  up,  |>  n  1 1 v  t  h rough 
deposits  and  partly  owing  to  sulphurous  format  i' 川，， 、o  that 
the  exhaust  notwitlist'imling  a  l  'rg('r  mpt i (川 of  power 

could  not  supply  a  sufficient  utiiount  of  y;is  and  air  mixtiirc. 
This  led  to  renewal  of  the  porous  m.iss  ljot li  in  the  ii re  tnhcs 
of  the  boiler  and  those  of  the  {)relioater,  after  which  the  first 
real  series  of  tests  had  been  started.  Several  of  these  tests 
quoted  in  the  article  may  be  considered  only  as  preliminary, 
since  during  the  performance  adjustments  of  the  gas  cocks 
and  even  alterations  in  the  arrangements  were  made. 

The  results  of  tests  during  some  of  the  days  were  remark- 
able : The  first  day,  during  an  8-hour  test,  an  output  of 
617  kg. /sq.  m.  of  the  fire  tube  surface  \v;i>  (山 t;iined  with  con- 
siderable variation  of  the  gas  pressure  at  the  beginning  of 


the  test.  The  next  day  when  this  inconvenience  was  elimi- 
nated, the  output  rose  to  G6  kg./sq.  m.  The  efficiency  of  the 
boiler  was  93*3  per  cent.,  and  that  of  the  preheater  3  9  per 
cent.  If  one  takes  the  steam  consumption  of  the  electrically- 
driven  exliaust  fan,  including  all  losses,  as  10  kg.  per  horse- 
power hour,  the  total  efficiency,  including  the  preheater,  would 
be  about  89  per  cent,  with  a  moisture  in  the  steam  of  about 
2.5  per  cent,  average.  These  outputs  would  represent  an 
important  advance  if  they  could  be  maintained  for  regular 
operation,  which,  the  article  states,  is  not  yet  possible.  After 
14  days'  run  the  residues  in  the  fire  tubes  of  the  preheater, 
owing  to  the  clogging  of  the  porous  mass,  had  already 
increased  to  such  an  extent  that  the  boiler  had  to  be  shut 
down  in  order  to  clean  the  fire  tubes.  It  is  now  intended  to 
take  out  the  filling  from  the  tubes  of  the  preheater  entirely 
and  then  establish  the  fall  of  efficiency.  After  several  months 
of  operation,  the  tests  will  be  repeated  in  order  io  establish 
wliether  a  further  fall  of  efficiency  occurs  owing  to  the  decom- 
position of  the  fireclay  filling  in  the  fire  tubes  of  the  boiler. 

After  three  months  of  operation  the  boiler  and  preheater 
have  been  opened  in  order  to  see  if  there  was  any  scale  forma- 
tion, and  to  take  out  the  fireclay  from  the  fire  tubes.  It  \va> 
found  that  during  this  run  of  the  boiler,  estimated  at  about 
three  months,  in  the  front  end  of  the  fire  tubes  in  the  boiler 
a  thin,  hard  layer  of  scale  was  formed,  which  in  the  rear  ends 
of  the  pipes  readied  a  thickness  of  4  to  5  ni in.  The  copper 
pipes  of  the  prehea ter  were  strongly  attacked,  so  that  tliey 
had  to  be  replaced  by  new  pipes.  The  attacking  of  the  pi  pes 
was  due  to  the  fact  that  when  the  gases  of  combustion  were 
cooled  down  in  the  preheater  to  about  90°  to  1 10°  C.  ( 194° 
to  230°  Fah.),  the  sulphurous  acid  had  an  opportunity  to 
unite  with  water  and  thus  form  sul|)hurir  acid,  which  natu- 
rally strongly  attacked  tlie  copper  of  the  pipes.  The  analysis 
has  shown  that  in  the  mass  taken  out  from  the  pipes  there 
was  57  per  cent,  copper  sulphate  and  10  per  cent,  iron 
sulphate.  Therefore,  the  cooling  down  of  tlie  gases  of  com- 
bustion to  the  temperatures  of  90°  lo  110°  C.  (194°  to  230° 
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Fall.)  is  to  be  rejected  for  operating  considerations,  especially 
as  the  gain  in  heat  is  only  from  2  to  3  per  cent.,  while  the  loss 
through  the  increased  power  combustion  of  the  exhaust  prac- 
tically reduces  to  nothing  whatever  is  gained  by  reduction  of 
the  temperature  to  so  low  a  level. 

The  copper  pipes  have  been  replaced  by  cast-iron  pipes, 
which  was  done  especially  because  the  use  of  the  more  expen- 
sive material  did  not  appear  to  secure  any  corresponding 
advantage.  The  fire  tubes  of  the  boiler  were  filled  with 
new  fireclay  mass,  and  new  tests  made.  It  must  be  borne 
in  mind,  however,  that  the  gas  pressure  could  not  be  main- 
tained at  the  same  level  as  in  the  second  test,  and  as  a  result 
both  the  gas  combustion  and  boiler  output  were  about 
5  per  cent,  below  that  of  the  former  test.  With  coke-oven 
gas  firing  in  this  type  of  boilers,  with  numerous  fire  tubes 
in  regular  operation,  one  cannot  hope  to  obtain  more  than 
60  kg.  of  steam  per  hour  per  1  sq.  ni.  of  the  heating  surface, 
since  the  available  gas  pressure  is  not  usually  more  than 
100  mm.  (4in.)  of  water.  Whether  special  apparatus  to 
increase  the  gas  pressure  would  prove  to  be  economical  or 
advisable  remains  as  yet  to  be  seen. 

Here,  as  in  all  systems  of  gas  firings,  it  is  important  to 
maintain  as  uniform  a  gas  pressure  as  possible,  since  only 
in  this  case  the  admission  of  air  can  be  maintained,  so  as 
to  have  the  combustion  preceded  by  the  slightest  possible 
excess  of  air.  In  this  connection  the  fireproof  filling  of  the 
pipes  may  be  improved,  even  supposing  that  as  it  stands  it 
could  withstand  operation  for  a  length  of  time  at  the  high 
temperature  used.      Owing    to    the   irregular  form  of  the 


ph('nj  ； i  coinl)Ustioii  chamber,  "，  lined  with  refractory  mate- 
rial and  connected  with  the  firebox  of  tlie  boiler  by  means 
of  slots  in  its  refractory  jacket.  Over  the  boiler  is  located 
a  wooden  shed,  on  the  roof  of  which  is  placed  the  tar  oil 
su])j)]y  tank,  from  which  the  oil  flows  automatically  into  the 
boiler  after  being  preheated  by  exhaust  steam  to  about  90° 
V.  ( 1 94°  Fah.),  to  distribute  itself  into  three  nozzles,  b,  set 
in  the  front  wall  of  the  combustion  chamber.  The  electri- 
cally-driven fan  provides  the  air  of  combustion,  the  pressure 
of  which  is  sufficient  to  atomise  the  tar  oil  and  to  overcome 
the  resistance  of  the  fire  tubes. 

Previous  to  each  test  the  boiler  was  maintained  in  opera- 
tion for  about  two  hours,  this  time  l>ein^  sufficient,  on  acc(junt 
of  the  small  content  and  consequent  rapid  heating,  to  bring 
the  boiler  into  its  normal  state  of  operation.  The  tar  oil 
and  feed  water  were  weighed,  the  feed  water  being  also 
checked  by  means  of  a  Siemens  water  meter  ；  the  readings  of 
pressure,  temperature,  and  power  consumption  at  the  fan 
were  taken  at  regular  intervals  of  15  minutes,  the  gas 
analysis  being  as  far  as  possible  taken  also  at  the  same  inter- 
vals. On  the  whole  the  tests  have  shown  that  on  forced 
runs  with  surface  combustion  boilers  and  tar  oil  as  fuel, 
outputs  up  to  120  kg.  per  hour  can  be  obtained.  It  is  doubt- 
ful, however,  that  the  boiler  can  be  relied  on  to  run  regularly 
at  such  a  rate  of  output,  since  both  after  the  first  and  after 
the  third  tests  it  was  found  that  the  front  tube  wall  leaked, 
even  though  it  appeared  that  the  fireclay  wall  built  in  front 
of  it  would  protect  it  from  the  immediate  action  of  the  fire. 
On  the  other  hand,  it  must  be  remembered  that  the  cooling  of 
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separate  pieces  it  is  extremely  difficult  to  make  the  filling 
so  that  the  resistance  in  all  of  the  pipes  shall  be  equal. 
The  Berlin- Anhalt  Machine  Company  is  therefore  working 
on  the  preparation  of  a  special  uniform  filling  made  up  of 
pieces  of  refractory  material  of  the  same  size.  This  will 
make  it  possible  to  place  filling  in  such  a  manner  as  to 
maintain  the  resistance  practically  uniform  in  all  the  pipes, 
while  the  total  resistance  will  be  materially  reduced,  and  this 
will  lead  to  a  reduction  in  the  power  consumption  of  the 
exhauster,  and  raise  the  efficiency  of  the  plant.  These  tests 
have  further  shown  that  for  ordinary  metallurgical  practice 
the  construction  of  the  boiler  with  numerous  fire  tubes  is  not 
suitable  since  they  require  quite  a  large  amount  of  atten- 
dance. The  above-mentioned  concern  is  therefore  endeavour- 
ing to  reduce  the  number  of  tubes  in  tlieir  new  boilers,  and 
it  is  considered  possible  that  later  on  ordinary  fire  tube 
boilers  can  be  converted  into  surface  combustion  boilers. 
This  would  materially  increase  their  output,  and,  further, 
the  conversion  of  a  fire  tube  boiler  into  a  surface  combus- 
tion boiler  would  eliminate  the  objection  made  to  the  Bone 
boiler  in  that  its  water  space  is  too  small,  and  that  it  has  too 
low  a  reserve  of  steam. 

The  tests  described  also  included  tests  on  the  application 
oi  tar  oil  in  surface  combustion  boilers,  for  which  purpose  the 
experimental  boiler  shown  in  Figs.  4  and  5  has  been  used.  It 
was  designed  to  work  at  12  atmosphere  gauge  pressure,  and 
had  a  diameter  of  1"3  ni.,  and  a  length  of  1'7  m.,  provided 
with  37  fire  tubes  of  76'5  mm.  inside  diameter,  thus  constitut- 
ing a  total  heating  surface  of  12  sq.  ni.  Immediately  connected 
with  the  boiler  there  is  a  preheater,  also  enclosing  fire 
tubes,  and  supplemented  by  a  second  preheater,  d,  of  the  same 
construction,  the  installation  of  which  was  required  because 
a  single  preheater  utilised  the  heat  of  the  flue  gas  insuffi- 
ciently ； in  front  of  the  firebox  and  partly  inside  it  has  been 


the  boiler  was  very  rapid,  because  after  the  end  of  the  test 
the  oil  firing  was  cut  off  immediately. 

It  appears,  therefore,  that  this  type  of  boiler  is  not  suitable 
for  continuous  operation  when  there  are  many  rolled-in  con- 
nections in  the  zone  of  the  highest  temperatures.  The  Berlin- 
Anlialt  Machine  Company  has,  therefore,  designed  a  different 
type  of  boiler  in  which  the  tar  oil  comes  in  through  a  single 
nozzle,  together  with  the  air  of  combustion  supplied  by  a 
special  fan.  Tlie  combustion  chamber  consists  of  a  single 
cylinder  of  refractory  material,  placed  in  the  fire  tube.  The 
hot  gases  enter  through  the  fireclay  grating  into  the  third 
part  of  the  fire  tube,  which  is  filled  with  large  pieces  of  fire- 
clay. It  is  expected  that  this  tv|>e  will  be  more  suitable  for 
continuous  operation  than  the  one  shown  in  Figs.  4  and  5. 
The  author  concluded  that  neither  the  coke-oven  gas-fired 
boiler  nor  that  using  tar  oil  was  suitable  for  continuous  opera- 
tion, though  it  was  possible  that  a  different  design  would 
obviate  the  present  difficulties. 


IMPROVEMENTS  IN  GAS  PRODUCERS. 

Mr.  Axel  Sahlin,  of  52，  Rue  du  Congres,  Brussels,  has 
recently  patented  the  arrangement  of  ^rate  and  it's  blast 
tuyeres  for  gas  produc&rs  shown  in  the  accompuiviiig  cuts, 
for  which  it  is  claimed  (1)  a  regular  removal  of  ash  and 
clinker  from  the  interior  of  the  producer,  (2)  an  equalised 
distribution  of  the  entering  blast  over  the  entire  area  of  the 
bed  of  fuel,  and  (3)  a  continual  but  gentle  agitation  of  the 
partly  consumed  fuel  on  its  downward  course  as  it  passes  the 
annular  bla,st  openings. 

The  grate  is  constructed  witli  n  l)ase  or  sci'a jiei'  formed  iu 
two  or  more  steps,  A  B,  each  being  divided  into  three  or 
more  cam-shaped  arms  or  wings,  as  shown  iu  the  plan  view, 
the  points  of  which  are  equidistant  from  each  other.  The 
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lower  cams  or  scrapers  have  a  more  extended  radius  than  the 
sujxM'iinposed  scrapers,  l>ut  the  point's  of  l>ot li  ； in'  ； ipi>rox i 
"lately  in  line  or  coincident  with  each  other.  Above  tin- 
scrapers  is  placed  a  feeder,  C,  formed  as  an  equilateral 
1  rian^le  with  convex  sides,  the  angular  extremities  of 
which  are  located  on  the  same  circle  as  the  innermost 
corners  of  the  upper  set  of  cams  or  scrapers,  and  a 
little  to  the  rear  of  the  corners.  Tl'is  lasl-iwimcd  sect  ion 
isr  surmounted  by  a  series  of  inclined  covers,  D,  also  formed 
on  bases  of  equilateral  triangles  witli  convex  sides,  and 
having  their  angular  extremities  in  line  with  one  another. 
These  upper  triangular  covers  const  it  ut  c  I  lie  tuyeres,  air 
； uid  steam  being  blown  through  narrow  slits  or  inter- 
st  ices  E  in  same  in")  1  he  surrounding  fuel.  The  two  fust- 
nientioned  scrapers,  the  triangular  feeder,  and  the  triangular- 
shaped  covers  com  prising  tlie  grate  are  all  concent  ric  with 
each  other,  and  are  propelled,  together  with  t lie  aslipan,  F, 
by  worm  gear  ai  a  slow  speed ,  so  as  to  revolve  in  a  direction 
.shown  by  the  arrow  in  tlie  plan  view,  \viii<'li  will  give  all  tlip 
moving  parts  a  tendency  to  push  the  ashes  and  coal  lying  in 
front  of  them  away  from  the  centre  of  the  producer.  As  oadi 
cam  or  scraper  passes  around  the  aslipan  F  (tlie  inner  (Mid 
preceding  the  outer  end)  it  creates  behind  it  a  space  or  void 


Giiate  foh  Gas  Phoduceus. 

which  is  immediately  filled  again  with  the  ashes  from  the 
strata  immediately  above  it.  The  ash  m  deposited  is  then 
carried  onwards  by  the  following  or  succeeding  scraper  in  like 
manner. 

The  rotation  of  the  scrapers  A  and  B  forces  the  ashes  out- 
wardly below  the  wall  of  the  producer,  where  they  gradually 
rise,  and  finally  escape  over  the  inclined  sides  of  the  revolv- 
ing aslipan  F.  This  may  be  facilitated  by  the  introduction 
of  a  fixed  scoop  or  shovel  at  any  convenient  point  on  the 
outside  wall  of  the  producer,  which  directs  the  flow  of  the 
aslies  to  any  point  most  convenient  for  their  discharge. 
The  convexity  of  the  triangular  sides  of  the  covers  D  gives  an 
undulatory  as  well  as  a  gyratory  movement  to  the  fuel  con- 
tents of  the  producer,  especially  in  the  lower  strata,  where  the 
fuel  is  becoming  spent,  and  where  the  increased  admission  of 
air  is  necessary  to  complete  combustion.  The  triangular 
covers  which  constitute  the  grate  may  be  so  proportioned  t  liat 
the  sheet  of  blast  issuing  from  the  lowest  tuveres  will  at  tlie 
nearest  point  to  the  centre  be  equidistant  with  tlie  ext remo 
point  of  the  sheet  of  blast  issuing  from  the  tuyeres  iinmediatolv 
above  as  shown  by  the  dotted  lines  in  tlie  plan  view.  Tliis 
second  section  bears  tlie  same  relation  to  the  one  above  it, 
whicli  in  turn  has  a  similar  relation  to  the  one  above  t  li;it . 
In  this  way  the  tuyeres  distribute  the  blast  equally  over  the 
interior  of  the  producer. 


SOME  RECENT  IMPROVEMENTS  IN  CASE  HARDENING 
PRACTICE.- 

UY  HENUY  L.  HEATHCOTE,  D.SC. 

(Concluded  Jrovi  jytuja 

Permeability  to  Heat.  1 1  ;i  \  i  hl'  i  ''mi'l  ； i  '.'"iip  ' 
permanent  in  its  properties  than  any  then  in  current 
use,  the  author  proceeded  to  investigate  the  factors  concerned 
i"  permeability  to  heat .  Most  conimcrcial  mixt  ures  con-i-t 
of  or  contain  a  large  proportion  of  small  particles  which  it 
seems  reasonable  to  expect  will  block  up  all  the  inters!  i< 
and  prevent  the  free  passage  of  heat,  for  it  has  been  shown 
that  the  heat  conductivity  of  insulating  materials  de|XMi(Js 
chiefly  on  their  air  spaces.  To  test  this  point  granular 
charcoal  was  employed,  and  two  model  case-hardening  pots 
were  made  5in.  high,  3"7in.  diam.,  and  0'04in.  thick,  made 
of  sheet  steel  and  welded  together.  One  contained  the 
charcoal  under  investigation,  and  the  other  was  used  ern]>t  v. 
A  thermonieter  bulb  was  placed  at  the  centre  of  each  pot 
and  the  apparatus  placed  in  an  oven  at  180。  C.  Fig.  4  shows 
the  rise  of  temperature  with  time.  The  cu rve  on  tlie  l<*l't 
shows  the  temperature  at  the  middle  of  the  erupt  v  pot  ；  tli',  ,' 
on  the  right,  numbered  1 ,  2,  3,  4，  refer  to  charcoal  of  various 
sizes,  each  containing  approximately  the  same  proportion  of 
moisture  and  taken  from  the  same  sack  (see  Table  V.) ：一 

Table  V. 


Weight  of 

Pieces  per 

Moisture  lost 

No. 

Contents. 

Charcoal. 

(Jramrae. 

at  110。  C. 

( ； ranniR's 

Per  cent. 

J 

215 

Would  not  pass  through  .sieve 

30 

0.30 

5  meshes  per  linear  inch. 

2 

209 

Passed    tlirou^h    (i    but  not 

130 

0.17 

through  7  meshes  per  linear 

inch. 

3 

215 

Passed    through    7    but  not 

450 

0-23 

through  30  meshes  per  linear 

inch. 

4 

296 

Passed  througli  30  meshes  per 

6.03 

linear  inch. 

Two  striking  points  are  brought  out  by  these  results  ： 
(1)  The  arrest  of  temperature  at  the  centre  at  about  100  ('. 
while  moisture  is  being  driven  off.  (2)  The  effect  of  size  of 
grain,  and  particularly  of  dust,  upon  the  duration  of 
the  arrest. 

When  the  same  samples  were  again  heated  the  tempe- 
rature rose  much  more  quickly  (see  Fig.  5).  The  absence  of 
any  arrest  is  of  course  due  to  the  moisture  having  been 
expelled  during  the  previous  tests.  Needless  to  say ,  the 
temperature  at  the  core  of  a  hardening  pot  will  not  remain 
at  100°  C.  for  nearly  three  hours  if  the  heating  is  done  in  a 
fffO 
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red-hot  nniffle  ；  but  the  author  has  observed  that  there  i>  \\w 
arrest,  and  another  when  other  volatile  matter  begins  to  be 
given  off,  when  the  model  pots  are  filled  with  oily  bone  Mark 
and  heated  in  red-hot  lead  at  about  850°  C. 

A  mixture  wliich  can  be  used  over  and  over  again  p()sst、、'  、 
the  great  advantage  that  moisture,  oil,  and  other  volatile 
constituents  have,  for  the  most  part,  been  already  expelled 
by  the  previous  heatings.    This  is  illustrated  by  tlie  results 

*  Paper  read  beforo  the  Iron  and  St^ol  Institute,  May,  191 S, 
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The  figures  denote  the  depth  of  case. 
In  another  test  done  on  a  commercial  scale  we  compared 
the  mixtures  referred  to  in  Fig.  6.  The  test  pieces  were 
placed  at  the  middle  only.  The  pots  were  9in.  high  by 
9in.  diam.，  and  heated  for  four  hours  side  by  side,  the 
maximum  temperature  being  about  925°  C.  One  pair  of 
test  pieces  was  then  reheated  as  in  the  previous  comparison, 
and  the  other  sectioned  and  examined  microscopically.  The 
results  are  given  in  Table  VII. ： ― 

Table  VII. 


One-third    Bone    Black,  one-third 
Crushed  Bone,  one- third  Spent  Bone. 
Size  as  No.  3.  Not  free  from  dust. 

Charcoal.  Size  as  No.  2, 
impregnated  with  Soda  Ash. 
Free  from  dust. 

Inch 

Hard   0.01 

Soft    0.015 

Soft    0-04 

The  figures  denote  the  depth  of  case. 
Table  VIII. 


Carbon 
per  cent. 
Surface  layer.  .    1  •  050 


2nd  layer 

3rd  ，， 

4th  ，， 

5th  " 

6th  ，， 

7th  " 

8th  ，， 

9th  ，， 

10th  ,, 


1.020 
1.015 
1.010 
1.000 
0-950 
0-880 
0-840 
0-830 
0.810 


Carbon 

Carbon 

per  cent. 

per  cent. 

11  th  layer 

  0-750 

22nd  layer 

-… 0-395 

12th  ，， 

 0.(595 

24th  ，， 

  0-365 

13th  ,， 

....  0-655 

26th  ，， 

....  (5.330 

14  th  ，， 

-… 0-030 

28th  ，， 

....  0.315 

  0.595 

30th  ，， 

....  0-305 

Kith  ，， 

  0-585 

32nd  ，， 

  0-305 

17th  ，， 

CO 

34th  ,， 

0-275 

18th  ,， 

....  0.505 

36th  ,， 

....  0-255 

19th  ，， 

  0-480 

38th  ,， 

  0-227 

20  th  " 

  0-440 

40th  ，， 

  0-205 

Composition  of  the  Case.— Having  secured  a  considerable 
improvement  in  both  permanence  and  permeability  to  heat,  it 
remained  to  ascertain  whether  this  "  composition  '  imparted 
a  suitable  percentage  of  carbon  and  gave  uniform  results 
from  day  to  day.  Mr.  W.  T.  Flather  has  made  a  great 
number  of  determinations  of  carbon  in  the  successive  layers 
of  the  case r  and  was  good  enough  to  carburise  some  bars  of 
Ubas  steel  in  his  standard  pot，  and  under  his  standard  con- 


ditions, but  using  the  dust-free  charcoal  impregnated  witli 
soda  ash,  three  parts  used  to  one  part  fresh  already  referred 
").  The  results  of  the  carbon  determinations  (made  in  the 
Jiesearch  Latturat oi-y)  are  to  l)e  found  in  Table  V]1I.  The 
bars  were  |in.  diam.  and  Gin.  long,  and  were  carburised  four 
hours  at  925°  C.  Successive  layers,  0*0025in.  thick,  were 
turned  off  all  along,  the  end  half  inch  being  left  on  to  avoid 
end  effects.  Some  of  the  carbons  were  determined  by  com- 
bustion, and  the  others  by  the  colour  test,  using  the  fonner 
as  standards , 

The  even  gradation  of  the  carbon  content  from  surface 
to  core  is  noteworthy. 

Iii  a  test  on  a  commercial  scale,  extending  over  29  clays, 
t est  I'.ars  】iii.  diam. were  carburised  along  with  ordinary  work 
at  900°  to  925°  C.，  the  mixture  being  replenished  once  or 
twice  a  week  to  make  good  the  inevitable  waste.  The  bars 
were  cooled  in  the  pots,  and  the  surface  layer  turned  off  as 
above  analysed  ： ― 

Per  cent,  carbon. 

New  ni ixture    0*967 

End  of  1st  day    0  909 

End  of  4th  day   0*981 

End  of  29th  day   • -.…  1*06 

The  author  considers  0'9  to  1*1  carbon  satisfactory,  and 
preferable  to  less  than  0'9  per  cent.  The  cementite  does  not 
appear  to  form  laminae  unless  the  percentage  of  carbon  is 
greater  than  1'05  ；  and  for  work  that  has  to  be  ground  a 
slight  degree  of  supersaturation  at  the  surface  is  considered 
necessary .  Charred  leather  at  1  ，000°  C .  imparts  about 
1'3  per  cent,  carbon,  at  925°  C.  about  1*2  per  cent,  carbon, 
and  Guillet's  composition  (barium  carbonate,  40  per  cent. ； 
wood  charcoal,  60  per  cent.)  at  925°  C.  about  1*2  per  cent. 

These  analyses  disclose  the  average  carbon  content  of  the 
layer  in  question,  but  they  do  not  give  any  evidence  of 
uniformity.  A  priori  it  is  quite  possible  that  such  large 
grains  may  produce  local  inequalities  in  the  degree  of 
carburisation.  To  test  this  point,  the  author  has  employed 
the  colouring  solution,  also  the  scleroscope  and  sclerometer 
referred  to  later.  Even  when  the  case  on  lin.  bars  of  Ubas 
steel  was  not  more  than  0'012in.  deep,  the  colour  developed 
showed  no  indication  whatever  of  local  paucity  of  carbon. 
Here  is  a  bar  carburised  in  mixture  made  with  No.  1  sized 
grains  of  charcoal  (see  Table  V.).  It  is  uniformly  hard  all 
over,  even  after  grinding  off  the  outside  layers  of  the  shallow 
case.  Had  there  been  lack  of  uniformity  from  this  cause  it 
would  have  made  itself  evident  also  in  the  micro-sections  of 
rods  done  in  the  exhaustion  tests.  This  uniformity  doubtless 
connotes  a  gaseous  agent  for  conveying  and  maintaining  the 
supply  of  carburising  agent.  Bars  lin.  diam.  bound 
together,  then  carburised,  separated,  and  quenched  are  quite 
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Fig.  6.— Comparison  of  Soda  Ash  Charcoal  Mixture 
Bone-black  Bone-dust  Mixture, 


liurd  even  where  no  particles  of  the  mixture  could  possil)ly 
have  touched  the  steel. 

It  will  be  readily  understood  therefore  that  a  composition 
of  this  kind,  replenished  regularly  with  a  small  proportion 
of  fresh  mixture,  is  capable  of  giving  very  uniform  results. 
On  account  of  its  low  specific  gravity,  comparative  freedom 
from  dust,  oil,  and  moisture,  the  heating-up  period  is  a 
Kniallcr  proportion  of  the  total  time,  so  less  judgment  is 


Fine. 


Coarse  as  No.  3. 


plotted  in  Fig.  6.  The  curve  on  the  right  refers  to 
of  hone  black  and  bone  dust  ；  and  the  middle  one  to  the 
soda  ash  and  charcoal  mixture,  consisting  of  three  parts  used 
to  one  pari  not  used,  freed  from  all  small  particles  and  dust 
bv  means  of  a  sieve  with  round  holes,  0  08in.  diam.  The  two 
mixtures  were  heated  at  the  same  time,  the  curve  on  the  left 
showing  the  rise  in  temperature  of  a  similar  empty  pot. 

To  see  if  these  results  re- 
presented anything  of  com- 
mt'ivial  importance  the  author 
c;irried  out  some  tests  in  pots 
lOiii.  high  by  lOin.  diam.,  witli 
coarse  and  fine  mixtures  hav- 
ing the  same  composition.  The 
same  number  and  kind  of 
articles  were  |';"'k('(l  iu  each 
])ot,  and  test  pieces,  l^in.  by 
J, in.  s(]iiare,  were  placed  near 
the  top  ami  bottom  and  at  the 
middle  of  the  pot.  The  pots 
were  then  heated  together  for 
five  hours,  the  maximum  tem- 
perature being  about  925°  C. 
These  test  pieces  were  reheated 
water  to  show  the  depth  of  the 
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Fig.  Kise  op  Temperature  op 
Dry  Charcoal  of  Various  Sizes. 


to  760°  C.  and  quenched  in 
case.    Table  VI.  represents  the  results  ： ― 

Table  VI. 


Top 
Buttiiii 


Inch 
f  0-025 
\  0'03 


J.  5〕  -  3i5 卜 


5  5 

h  4  4  4  4  ro 

^  o-  o  o  o  o  o 
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required  in  allowing  for  the  size  of  pots,  (fee.  The  pro- 
ductivity of  the  hardening  plant  and  staff  is  con'es[)on(liiiiil v 
increased,  and  tlie  steel  is  all  tlic  l>oitor  for  t  he  short  cr 
heating. 

An  Improvement  in  Tempering. ― The  use  ol'  hot  tallow  ；] n<! 
lead  for  tempering  is  of  course  well  known  ；  \m\  t  lie  ； ipplira- 
tion  of  an  electric  welder,  which,  the  author  believes,  w;i- 
originated  by  V.  A.  Holrovd,  ]>rosonts  some  novel  and  advan 


Kio.  7.— ELEcxitic  Welder  AmtAXUEB  fok  Tempering  Case-hardkned 
Articles. 

tageous  features.  It  is  particularly  useful  for  local  softening 
or  tempering  (Fig.  7)，  and  unlike  tempering  in  tallow,  the 
core  of  the  article  is  left  softer  than  the  outside.  This  is 
specially  advantageous  for  case-hardened  articles.  The 
operation  is  a  very  quick  one,  and  the  surface  is  left  quite 
clean. 

Methods  of  Testing  Hardness. ~ -So  far  as  the  author  is 
aware,  very  little  work  has  been  done  to  provide  commercial 
means  for  testing  the  suitability  of  case-hardened  articles. 
The  practice  of  examining  test  pieces  carburised,  heat 
treated,  and  hardened  along  with  each  batch  is  of  course 
sound  as  far  as  it  goes.  The  Shore  scleroscope  and  Brinell 
test  have  their  spheres  of  usefulness.  But  still  the  file  is  the 
instrument  most  used，  and  perhaps  rightly,  for  it  does  give 
an  idea  of  the  resistance  the  surface  of  the  article  offers  to 
abrasion  under  pressure,  which  is  what  most  articles  are 
case-hardened  to  withstand.  This  and  the  Brinell  test  are, 
we  believe,  the  instruments  in  commonest  use  for  testing 
case-hardened  work  and  test  pieces. 

For  small  articles  a  modified  centre  punch  is  suitable  for 
rapidly  getting  a  working  idea  as  to  whether  the  case  is  above 
the  minimum  permissible  depth.  It  consists  of  an  ordimu  v 
6in.  Brown  and  Sharpe  automatic  centre  punch  to  which  is 
fitted  a  screwed-on  container  for  holding  a  ^in.  bicycle  ball. 
The  hard  point  is  removed  and  the  container  screwed  on  in 
its  place.  The  ball  protrudes  just  sufficiently  to  prevent  tht' 
container  coming  into  contact  with  the  article  under  test. 
This  is  very  useful  for  large  as  well  as  small  articles,  and  its 
readings  appear  to  refer  more  to  the  case  and  less  to  the  core 
than  those  obtained  with  a  Brinell  testing  machine. 

An  Improved  Sclcromctcr. ― On  account  of  the  varialth- 
element  in  testing  resistance  to  abrasion  with  a  file  by  liand . 
the  author  sought  to  devise  means  for  measuring  the  t'ri<'t  nui 
under  a  given  load.  A  pair  of  "  scissors  "  with  files  in  yAacv 
of  shears  was  found  to  be  cumbersome,  and  the  weight  of  the 


article  introducetl  variations  ju-cording  to  the  position  the 
scissors  were  held  in.  Small  flat  articles  can  be  placed  on  the 
top  of  a  file,  and  the  hard nass  gauged  by  raising  one  end  of 
the  file  and  observing  the  angle  when  the  article  sli 山 

This  led  to  placing  the  article  umi'r  thf  file  、o  that  i 卜 
weight  causes  relative  motion,  wliich  motion  ceases  (if  not  too 
yapid)  when  the  frictional  forces  are  great  enough.  This 
instrument  (Fig.  8)  is  for  testing  round  surfaces.  A  soft  »>ar 
holds  the  top  file  up  so  that  it  mak^s  hh  ； ui^le  of  a\)(>u\  7'' 
with  the  bottom  one.  The  actual  an^le  is  indicated  by 
figures  engraved  on  the  slotted  quadrant.  A  hard  bar  will 
not  hold  the  file  up  until  the  angle  falls  to  about  15°  to  20°. 
A  hardened  and  tempered  bar  gives  readings  between  these 
angles  according  to  the  degree  of  temper. 

Another  form  adapted  to  take  larger  articles  is  made  with 
three  A  files,  so  that  the  outer  two  can  be  moved  furt  lirr 
apart  at  will  (Fig.  9). 

For  concave  surfaces  such  as  the  .hall  races  ot  mr»t <n  ,':ir 
bearings  a  different  type  (Fig.  10)  is  employed.  The 
essential  part  of  this  is  a  short  piece  of  round  file  which,  with 
its  two  ends  resting  on  the  bearings,  slides  down  one  side, 
and  is  deflected  as  the  bearing  is  rotated.  The  angle  taken 
up  depends  on  the  hardness  and  consequent  friction,  and  i:; 
measured  on  a  graduated  quadrant. 

For  flat  surfaces  a  short  file  is  rnoiHited  in  a  holder  whir-li 
slides  along  a  smooth  bar  until  friction  arrests  the  motion 
(See  Fig.  10.) 

The  readings,  cr^eris  jtarihu^  are  within  considerable 
limits  independent  of  the  diameter  cf  the  test  object. 

Let  a  ―  radius  of  test  object  =  OA  =  OB, 
/  =  ^  length  of  upper  file  —  CM, 
a  =  angle  between  the  files, 
w  =  weight  of  object, 
W  =  weight  of  upper  file. 
Consider  the  equilibrium  of  the  test  bod v . 


Fig  .  8. 一  Quadrant  ScxEitoaiETKit  foh  Tksting  H.utu  and 
Twofile  Form. 


Resolving  along  CO  (Fig.  11)  we  have : 


(F  +  F')  cos 


2 


tan 


(N  +  N'- "') . 

F  +  F/ 
N  +  N' —  "'• 
Taking  moments  about  O  we  have  ： ― 
Fa  =  f'"、 
•••  F=  F'. 
Resolving  vertically  we  have  ： ― 

N'  =  N  cos  ct  +  F  siu  a+  "', 
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Substituting  we  get  ： ― 


tan 


2F 


N  (1  +  cos  a)  +F  sin  a 
F 

Putting       fiy  the  coefficient  of  friction,  we  have ― 

tan  ― =  ： —— ， 

2       1  +  cos  a  +  ^  sin  a 

which  shows  that  the  readings  are  independent  of  the  weight 
and  diameter  of  the  test  body  provided  the  coefficient  of 
friction  does  not  vary  with  the  diameter. 


obtained  with  variously  treated  bars  lin.  diam.  are  recorded 
in  Table  IX. 

Both  the  quadrant  sclerometer  and  Shore  scleroscope  give 
lower  readings  for  smaller  diameters.  With  the  former  the 
difference  is  greater  for  soft,  and  with  the  latter  for  hard 
bars.  This  is  probably  due  to  the  file  teeth  in  the  one  case, 
and  the  falling  weight  in  the  other,  throwing  up  steeper 
" ramparts "  round  the  depression  when  the  surface  is 
less  convex. 

Table  IX. 


lin. 

Bars 
Ubas 
ISteel. 


Bars 
Ubas 
Steel. 


Fig.  9.— Quadrant  Sclerometer,  Adjustable  Three-file  Fokm. 

When  used  in  the  vertical  position  the  investigation  is 
somewhat  different.  Consider  the  equilibrium  of  the  con- 
nected files  in  Fig.  12. 

Resolving  along  CO  we  have  ： ― 

土  （F  +  F》  cos  4=  (N  +  N')  sin^- +  2W. 

The  sign  of  the  first  term  depends  on  whether  C  moved 
down  or  up  just  previous  to  equilibrium. 
By  symmetry  : —— 

F  =  Fr  and  N-N;. 


Treatment. 


Quadrant 
Sclero- 
meter. 


As  received  

As  received.  Carburised  5  hours,  cooled 
in  pot   

As  received.  Carburised  5  hours,  re- 
heated to  760°  C.，  quenchcl  in  \、  atcr 

As  received.  Carburised  5  hours,  re- 
heated to  760°  C. ,  tempered  1  hour  at 
300°  Fah  

As  received.  Carburised  5  hours,  re- 
heated lo  7(>0  C. ,  tempered  1  hour 
at  400°  Fah  

As  received  • …  '  

As  received.  Carburi.sed  5  hours,  cooled 
in  pot   

As  received.  Carburised  5  hours,  re- 
heated to  760°  C,  quenched  in  water 

As  received.  Carburised  5  hours,  re- 
heated to  760°  C.，  tempered  1  hour 
at,  300°  Fah  

As  received.  Carburised  5  hours,  re- 
heated to  760°  C,  tempered  1  h(mi' 
at  400°  Fah  


75° 
69° 
20° 

28° 

33° 
63° 

60° 

18° 

26。 

36° 


Shore 
Sclero- 
scope. 


28° 
29° 
89° 

88° 

82° 
27° 

33。 

7(5° 

71。 

70° 


For  commercial  testing  of  hardened  work  and  within  wide 
limits  the  error  due  to  varying  diameter  is  negligible  in  the 


Substituting  we  have  ：  ~ - 
±  F  cos  = 


or  土 


2 


N  sin      +  W, 

•  a  ,  W 
8111  T  +N' 


•••  tan  ^  =  士/ i  — 

Consider  the  equilibrium  of  one  side. 
Taking  moments  about  C  ： ― 

W  .  1  sin      =  N  .  a  cot  - 


w 

N  cos  -- 
2 


.-. N  = 


W/ 


sin  ―  tan  ― 


Substituting  in  the  expression  containing  jx  we  have  : — 


r/W  cos 


士  m 


Whence 


W/  .  sin2  -—  cos  — 

2i  Ji 


tan  j  =  土  / 丄一 


In  this  case，  therefore,  we  should  expect  the  angle  to  b.e 
independent  of  the  weight  of  the  files  and  test  body  and  to 
increase  as  its  diameter  decreased,  the  effect  of  the  variation 
being  less  the  longer  the  file.  Experiment  shows  that  the 
angle  is  slightly'  affected  by  variation  in  the  diameter,  but  in 
the  opposite  direction  to  that  indicated  above.      The  results 


Fig.  10.— Quadeant  Sclerometeii  for  Testing  Flat  Surfaces. 
Inset. —- Quadrant  Sclerometer  for  testing  concave  surfaces. 

case  of  the  quadrant  sclerometer.  That  the  instrument  is 
very  sensitive  is  shown  by  the  way  it  detects  slight  degrees 
of  tempering.  Several  are  in  regulai1  use  at  both  the  Rudge- 
Whitworth  Works,  where  they  have  to  a  large  extent'  super- 
seded the  cruder  hand  test  with  ordinary  files.      They  are 
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Im  m  I  v  ； ind  quick,  and  ca])al>,]c  of  dealing  wit  h  lar^ro  (juaul  it  i'- 
of  work  in  a  short  t  imc.  I  ti stead  of  files,  carbonincluiii  or 
alundiun  sticks  or  ptMicits  may  be  employed,  l>ut  files  give 
very  good  results  and  last  many  inont  lis  without,  showing  any 
errors  due  to  wear,  provided  t  hey  are  i>r()!>erlv  miule  and 
appiopriately  aged  before  use.  Various  standards  have  been 
adopted  fur  difVerent  articles,  and  the  angle  should  come 
l>et  ween  the  specilietl  limits  hi  order  to  pass  the  viewer. 

Production  of  Colours  on  Hardened  Work  to  Facilitate  Viewing. 

Many  articles,  such  as  cu|>s  and  cones,  cannot  be  convenient  I v 
test ed  wit  h  a  srlerosropf1  or  sclfM'oMietei*  on  account  of  \  Ihmt 


/  W 

f  、 
M 

f       气 N 

Fig.  11.  Fifi.  12. 

shape.  Realising  the  need  for  some  method  whicli  would 
(Miahle  articles  of  all  sorts  to  be  tested  in  bulk,  the  author 
turned  his  attention  1  o  1  he  pi'odiu-t  ion  of  colours  on  hardened 
surfaces  whicli  would  afford  an  indication  of  the  nature  of 
the  steel  com  posing  such  surfaces.  The  ordinary  solutions 
employed  by  the  nietallographer  are  unsuitable  for  com- 
merrial  application,  some  because  of  their  inflammability, 
others  hecause  thev  will  not  How  evenly  over  a  somewhat  oily 
or  greasy  surface.  A  suitable  solution  which  has  been  found 
to  give  satisfactory  results  consists  of  ： ― 

Alcohol    1  litre. 

Distilled  water    1  ，， 

Nitric  acid,  pure    100  cubic  centimetres. 

Articles  ground  or  polished  after  hardening  and  irniiiersed 
in  this  for  |  to  1  minute  are  stained  brown  or  light  blue 
where  tlie  structure  is  martensit  ic  ；  dark  blue  or  dark  grey 
where  there  is  troostite  ；  and  hardly  stained  at  all  on  ferrite 
or  peailite. 

By  treating  hardened  articles  in  this  way,  before  viewing, 
inequalities  are  rendered  visible  and  can  readily  be  detected. 
The  fact  that  the  whole  of  the  surface  is  tested,  and  not 
merely  the  parts  touched  by  the  file,  sclerometer,  or  sclero- 
scope  is  an  enormous  advantage  for  commercial  purposes. 
The  test  reveals  at  once  spots  that  have  been  splashed  before 
quenching,  and  contain  troostite,  also  superficial  tempering 
due  to  a  glazed  surface  on  the  giiiuling  wheel  or  to  excessive 
pressure.  Tt  does  not  appear  to  be  possible  to  obtain  a 
colorimetric  scale  of  hardness  in  this  way,  but  when  a  number 
of  articles  are  dipped  at  the  same  time  the  eye  readily  detects 
those  that  have  a  different  appearance,  and  all  that  is  then 
necessary  is  to  check  the  odd  ones  with  a  file  or  sclerometer. 
This  test  is  also  suitable  for  tools  and  complicated  articles 
that  cannot  conveniently  be  tested  with  an  instrument  It 
also  shows  the  depth  of  case  if  a  part  is  left  on  and  ground 
away,  and  should  prove  useful  for  ascertaining  wlietlier  an 
article  has  been  properly  tempereil . 

The  swinging  hammer  is  the  outcome  of  another  attenipt 
to  replace  the  variable  muscular  force  of  the  tester  by  the 
constant  force  of  gravity.  Instead  of  a  skillet!  viewer 
wielding  a  hammer  we  use  a  simple  instrument,  consisting  of 
an  ordinary  hammer  swinging  on  a  support  passing  through 
a  bushed  hole  in  the  handle.  A  heavy  steel  block  carries  t lie 
support  and  is  arranged  to  admit  various  holders  adapted  for 
receiving,  and  it'  necossary  clamping,  the  ])arts  to  be  tested . 
It  has  b.een  found  very  useful  for  testing  small  parts,  sucli 
as  the  rollers  of  motor-cycle  engine  bearings,  the  blow  being 
controlled  bv  observing  the  angle  on  the  graduated  quadrant 
behind  the  ham mer. 

In  bringing  tliis  paper  to  a  close  the  author  takes  this 
opportunity  of  thanking  tlie  directors  of  Rudge-W  hit  worth, 
Ltd.,  for  permission  to  jmltlisli  t lie  information  it  contains. 


GEARING  FOR  HEAVY  LOADS. 

Oudinary  gears  used  in  tlie  nsual  manner  to  transmit  heavy 
loads  have  been  unsuccessful .  The  lack  of  success  may  be 
atl  ributed  to  ； i  mimber  of  causes,  one  oi  wliicli  is  that  the 
load  on  the  teeth  of  the  gear  wheel  increases  at  a  greater  rate 
than  the  increase  of  size  or  wearing  surface  of  the  teeth.  T(》 
t  ransniit  a  heavy  load  with  ordinary  gears  it  would  be  necessary 
to  make  the  gear  faces  enormously  long，  which  is  impossible, 
as  the  greatest  width  of  the  gear  wliicli  can  be  used  is  limited 
tor  practical  reasons.  It  is  impossible  to  make  two  inter- 
mesliing  gears  of  Hufficient  length  of  tooth  face  to  carry  the 
enormous  load  necessary  in  inodeni  marine  propulsion  and 
for  other  heavy  duty,  and  at  the  same  time  have  them  equally 
engage.  So  also  it  is  impossible  to  use  ； t  mimb'-r  ol'  "w、 
rigidly  keyed  upon  two  shafts  for  the  reason  that  there  will 
1"  inequalities  in  alignment  so  the  gears  will  not  carry  their 
true  proportion  of  the  load.  To  overcome  these  difficulties  it 
has  hitherto  been  proposed  to  mount  a  plurality  of  toothed  or 
chain  wheels  on  one  shaft,  and  to  connect  them  to  each  other 
and  to  the  shaft  by  equalising  devices,  so  that  the  tooth  pres- 
sures are  equally  distributed.  It  has  also  been  proposed,  in 
connection  with  chain  gearing,  to  employ  two  chains,  which 
transmit  power  between  pairs  of  chain  wheels  on  the  driving 
； m(l  driven  shafts,  the  two  chain  wheels  on  each  shaft  being 
connected  to  one  another  and  to  the  shaft  by  means  of  equalis- 
ing devices  to  equalise  the  load.  The  equalising  devices 
hitherto  proposed  have  consisted  of  pivoted  levers  or  bevel 
gear  wheels,  which  permit  of  slight  relative  movement  to 
distribute  the  load  under  transmission  equally. 

A  ii  arrangement  has  recently  been  designed  and  patented 
by  Charles  G.  Curtis,  2，  Rector  Street,  New  York,  U.S.A.,  in 
which  the  connection  of  the  two  shafts  is  made  by  means  of 
spur  gears,  by  using  a  plurality  of  gears  on  each  shaft,  and  pro- 
viding distributing  means  such  as  has  hitherto  been  proposed 
on  both  shafts,  so  as  to  divide  the  load  equally  among  the 
gears.  One  arrangement  is  shown  in  the  accompanying  illus- 
tration. The  shafts  connected  by  the  gearing  are  indicated 
by  A  and  B.  The  shaft  A  carries  eight  pinions,  C，  which  mesh 
with  eight  gear  wheels,  T)，  mounted  loosely  on  shaft  B.  The 
gear  wheels  D  are  connected  together  in  pairs  by  primary 
equalisers  E，  consisting  of  bars  whicli  connect  pivots  F  on 
the  two  wheels.  The  primary  equalising  bars  of  two  adja- 
cent pairs  are  connected  together  by  secondary  equal- 
ising bars  G，  which  are  pivoted  to  the  primary  equalising 
bars  E，  and  also  pivotally  connected  at  H  to  sleeves  J，  secured 
to  the  shaft  B.  Tt  will  be  observed  that  the  primary  equalis- 
ing bars  permit  relative  circumferential  self-adjustment  of 
the  two  gears  which  they  connect  ；  that  the  secondary  equalis- 
ing bar's  perform  this  office  for  the  two  pairs  of  gears  which 
they  connect.  Within  the  limits  of  circumferential  self-adjust- 
ment permitted  by  the  equalisers,  an  equal  distribution  of 
the  load  between  all  the  gears  is  effected.  There  is  also 
provided  a  tertiary  equalisation  by  means  located  on  the 
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shaft  A.  The  equalising  effect  is  obtained  by  mounting 
the  pinions  C  on  two  sleeves  K  surrou nding  the  shaft  A,  and 
having  bevel  wheels  L  at  their  adjoining  ends.  These  bevel 
wheels  gear  with  pinions  M，  mounted  on  studs  N，  secured  to 
the  shaft  A. 

Tlie  arrangement  is  particularly  applicable  to  steam  tur- 
bines or  high-speed  engines  for  m;irine  propulsion,  in  wliicli 
the  shaft  speed  is  higher  than  the  propeller  or  driven  shaft 
speed,  and  in  wluoh  the  load  to  be  transmitted  is  much  larger 
tlian  can  be  trans. nitted  by  ordinary  gears. 
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THE  OXY-ACETYLENE  PROCESS  OF  WELDING.  :: 

BY  HENRY  CAVE. 

Autogenous  welding  is  a  general  term  given  to  welding  when 
metal  fuses.  In  the  ordinary  blacksmith's  weld  the  metal 
does  not  fuse  ；  it  becomes  plastic  and  is  hammered  together, 
but  unless  hammered  no  weld  would  be  produced .  Auto- 
genous welding  is  carried  out  in  several  different  ways,  but  as 
here  referred  to  is  by  means  of  acetylene  burned  with  oxygen . 
The  use  of  oxygen  with  other  combustible  gases  consisting  of 
an  oil  gas  similar  to  Pintscb  gas,  termed  "  liquid  "  or  "  Blau 
gas  ，，  in  this  country 3  hydrogen  and  a  few  others  are  some- 
times used,  but  are  not  efficient  owing  to  limitations  of  tempe- 
rature. The  process  using  acetylene  necessarily  makes  very 
much  the  hottest  flame,  owing  to  the  large  amount  of  carbon 
in  the  composition  of  this  gas. 

This  process  is  an  indirect  development  of  electricity. 
Shortly  after  the  electric  furnace  was  developed,  the  general 
use  of  acetylene  was  made  possible,  calcium  carbide,  from 
which  acetylene  is  generated,  being  made  in  the  electric 
furnace.  In  1895，  shortly  after  the  development  of  calcium 
carbide,  Le  Chatelier,  the  French  scientist,  proposed  this  pro- 
cess, that  is,  that  the  burning  of  acetylene  with  pure  oxygen 
would  produce  a  very  high  temperature.  It  was  not,  how- 
ever, until  1905  that  an  equipment  came  into  this  country  for 
practical  use  in  a  factory.  From  that  time  there  has  been  a 
gradual  development  in  the  equipment  and  a  rapid  develop- 
ment in  the  uses  for  the  process. 

The  acetylene  is  produced  in  a  generator  direct  from 
calcium  carbide,  the  gas  passing  through  a  reducing  valve  and 
hose  that  connects  with  the  torch.    If  a  welding  equipment  is 


Fig.  1.— Diagbam  showing  Method  op  Making  Typical  Ox r- acetylene 

Weld. 

to  be  used  for  portable  work  or  work  of  an  intermittent 
nature,  acetylene  is  obtained  from  a  dissolved  acetylene 
cylinder  as  a  source  of  supply,  instead  of  from  a  generator,  the 
other  parts  of  the  equipment  being  the  same.  The  dissolved 
cylinders  are  not  merely  empty  cylinders  into  which  the  gas  is 
compressed  as  is  the  case  with  the  oxygen  cylinders,  but  con- 
tain a  porous  material,  generally  asbestos,  into  which  is  poured 
acetone  or  a  similar  liquid  ；  the  acetone  absorbs  the  gas  and 
the  liquid  is  held  in  suspension,  thus  filling  the  cylinder  at  all 
times,  and  in  that  way  it  is  perfectly  safe  under  #  a  high 
pressure.  The  gas  is  drawn  off  through  a  hose,  as  is  also  the 
oxygen  from  the  other  tank,  and  both  are  brought  together 
in  the  torch. 

The  source  of  the  oxygen  in  a  general  way  is  a  cylinder 
of  compressed  gas.  In  some  cases  the  compression  is  very 
high,  up  to  l,8001bs.  per  square  inch,  which  higli  compression 
is  for  the  sake  of  economical  conditions  of  transportation. 
But  in  some  cases  it  is  used  in  low-pressure  cylinders  (3001bs. 
per  square  inch)  which  are  charged  from  generating  equip- 
ment on  the  premises,  or  it  may  be  generated  and  compressed 
directly  into  the  service  pipes  by  several  different  means.  The 
chemical  method  of  manufacture  from  chlorate  of  potash  and 
manganese  dioxide  requires  the  cheapest  equipment,  but  pro- 
vides the  most  expensive  gas,  and  is  very  little  in  use  now. 
The  electrolytic  method  of  disassociating  water  into  oxygen 
and  hydrogen  is  coming  very  rapidly  into  use  for  large  and 
small  installations.  Very  large  oxygen  generating  equip- 
ments have  been  installed  for  making  oxygen  from  the 
atmosphere  by  the  liquid  air  process,  the  oxygen  being 
distilled  off  from  the  liquid  air. 

The  torches  used  in  both  welding  ar.d  cutting  work  are 
provided  with  tips,  for  producing  different  sizes  of  flames  in 
each  torch.  That  is  the  same  as  changing  the  size  of  flame 
in  a  gaslight  by  removing  a  burner  and  replacing  it  with  a 
larger  or  smaller  one,  the  variation  of  flame  being  required  for 
welding  different  weights  of  material.  The  tip  is  made  of 
brass,  there  being  one  hole  through  the  centre,  the  mixing 
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arrangement  wliere  the  oxygen  and  acetylene  are  mixed 
together  in  correct  proportions  being  located  at  the  inner  end. 

In  addition  to  the  use  of  this  process  for  welding,  another 
operation  of  interest  because  of  its  connection  with  the 
oxy-acetylene  process  and  that  it  is  carried  out  with  practi- 
cally the  same  equipment,  is  the  cutting  of  steel  by  means  of 
oxygen.  Cast  iron  and  non-ferrous  metals  cannot  be  cut  by 
oxygen,  steel,  wrought  iron,  and  cast  steel  being  the  only 
metals  cut  in  this  manner.  I  have  known  of  considerable 
expense  being  undergone  in  attempts  to  cut  cast  iron,  due  to 
ignorance  of  this  feature,  the  reason  being  the  free  carbon  in 
the  iron  stops  the  penetration  of  the  oxygen.  The  cutting 
torch  differs  from  those  used  for  welding  in  that  the  tips  have 
more  than  one  hole;  the  central  hole  supplies  the  pure  oxygen 
for  cutting  and  the  two  outside  holes  are  heating  flames, 
identical  with  those  used  for  welding. 

The  process  of  cutting  steel  in  this  way  is  a  development 
of  the  old  school  experiment  of  inserting  the  red-hot  end  of  a 
clock  spring  into  a  jar  of  oxygen,  in  which  the  red-hot  part 
of  the  clock  spring  began  to  glow  and  was  gradually  consumed, 
proving  that  steel  would  burn  in  an  atmosphere  of  oxygen. 
The  process  is  simply  reversed  in  practice,  in  that  the  flame 
is  applied  to  the  piece  of  metal  and  a  small  spot  heated,  then 
the  jet  of  oxygen  is  directed  on  that  reel -hot  spot  and  the 
metal  begins  to  burn  ；  in  burning  it  produces  a  slag  of  high 
temperature  which,  iu  flowing  down  the  face  of  the  part ,  is 
sufficient  to  heat  the  metal  through  a  considerable  depth 
(24in.  has  been  cut)  so  that  the  oxygen  can  combine  with  it. 
Thus  the  action  is  progressive,  one  layer  being  consumed  heats 
the  next  one.  It  is  not  possible,  however,  to  extinguish  the 
heating  flame,  as  it  is  required  to  keep  the  molten  slag  fluid 
so  that  it  will  flow  out  of  the  cut  ；  that  is  the  only  reason  for 
keeping  the  combustion  of  the  acetylene  going  while  the  cut 
is  in  progress  after  the  first  start  is  made. 

This  process  of  welding  is  not  generally  understood. 
There  is  a  knack  in  making  a  strong  weld,  a  knack  that  can  be 
acquired  only  by  the  exercise  of  considerable  judgment  and 
practice.  Fig.  1  shows  the  method  of  making  a  typical  weld. 
The  torch  tip  here  carries  a  flame  of  6,300°  playing  on  the 
metal,  and  a  pool  of  molten  metal  is  first  of  all  formed  at  A. 
The  metal  is  heated  up  approximately,  as  indicated  by  the 
shaded  portion.  Upon  that  spot  is  deposited  a  drop  of  molten 
metal  from  the  rod  of  adding  metal  B,  the  end  being  fused 
into  the  melted  pool  C.  The  drop  is  then  fused  still  further 
so  as  thoroughly  to  adhere  it  to  the  piece  to  which  it  is  being 
welded,  by  playing  the  flame  around  that  drop,  until  it 
assumes  a  shape  as  at  D.  With  a  sharp  corner  such  as  at  C， 
no  satisfactory  weld  would  be  produced,  because  there  would 
be  a  spot  on  each  side  which  could  not  be  welded,  but  by 
playing  the  flame  around  a  thorough  weld  right  across  would 
be  obtained.  The  condition  is  very  similar  to  the  use  of  soft 
solder.  Those  familiar  with  it  never  trust  work  where  the 
edges  of  the  solder  are  rounded,  b.ut  realise  when  they  spread 
out  to  a  thin  edge  the  union  is  satisfactory.  A  succession  of 
drops  is  put  on  in  that  way.  These  drops  overlap  each  other, 
so  a  thoroughly  strong  weld  is  produced. 

At  E，  Fig.  1，  is  a  condition  where  parts  are  to  be  welded 
of  considerable  thickness.  It  should  be  stated  that  owing  to 
the  high  temperature  of  the  oxy-acety】ene  flame,  a  weld  can 
be  made  from  J, in.  to  i n -  in  thickness  without  preparing 
the  parts,  that  is,  without  bevelling  them  out  as  shown  at  E. 
If  it  is  a  crack  in  a  casting,  it  is  chipped  or  ground  out  by 
means  of  some  mechanical  method,  or  if  it  is  steel,  it  can  be 
cut  out  by  means  of  the  oxygen  jet  and  a  groove  formed.  If 
it  is  attempted  to  make  the  weld  from  tlie  outside  without  this 
groove,  the  metal  would  burn  before  its  coi  ductivity  bad  time 
to  convey  the  heat  deep  enough  to  make  a  weld  of  any  depth. 

With  this  process,  the  metal  is  first  of  all  heated  to  red 
over  a  considerable  area  before  any  metal  is  added.  The 
flame  is  then  played  at  the  bottom  of  the  groove  on  the  points 
of  the  prepared  sections  until  they  fuse  together  into  one  solid 
mass,  and  then  additional  metal  is  added.  Thus  the  weld  can 
be  made  completely  through  the  parts.  The  additional  metal 
is  then  b.uilt  in  and  eacli  drop  fused  to  the  side,  producing  a 
thoroughly  homogeneous  weld  until  the  groove  is  filled  up. 
This  building  up  can  be  continued  to  any  extent  to  reinforce 
the  part  at  the  weld  or  change  its  shape  as  desired. 

The  theory  of  the  process  of  oxy-acetylene  welding  is 
shown  in  Fig.  2.  A  Davis- Bournonville  high-pressure 
positive-mixture  torch  tip  is  shown  at  A.      The  acetylene, 
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C2H2  passes  in  at  the  side  orifices  indicated  and  is  ignited. 
When  it  is  liglited  in  air  a  reaction  takes  place  as  shown  (two 
and  one-half  parts  of  oxygen  unit ing  with  one  part  of 
acetylene  yield  carbon  dioxide  and  water)  and  the  reaction 
produces  a  temperature  about  the  same  as  ordinary  illinnin.-il 
ing  gas  (about  2,500°  Fall.).  The  oxygen  in  1  liis  case  is  taken 
fioni  the  air  ；  the  fact  that  the  air  is  only  one-fifth  oxygen  is 
responsible  f(u'  tlio  fact  that  the  gas  lias  to  sprrad  out,  ovri'  ； i, 
very  large  area  to  collect  that  one- fifth  of  oxygen,  and  also 
there  is  the  four-fif't lis  of  nitrogen  wliich  is  carrying  the  h(';if 
away  needlessly.  This  heat  is  wasted  and  thus  reduces  the 
temperature  ot'  the  Hanu1.  When  the  flame  is  burning,  you 
will  see  that  a  considciahlo  ； unount  of  tuiconsuinod  ('； irl>。n  卜 
u  ivt'ii  oIV  at  t  lu^  end  of  i  he  flanio,  whicli  sliovvs  t  hat  even  1  hen 
I  \        is  not  sufficient  oxy^eMi  Cor  complete  combust  ion . 

When  oxygen  is  supplitMl,  t'roin  t  he  cvlindei'  or  ot  lier  source 
of  sui>])]y  of  pin  t*  i^as,  |)assin^  in  umlcr  pressure  at  i  In*  sm;i  1 1 
opening  indicated  a(  t  lie  (、ml  of  tlie  tip  and  st  rikin^  I  lie 
acetylene  which  is  also  under  pressure,  at  right  angles,  a 
tlioi'ouglily  homogeneous  mixture  is  produced,  and  wlifn  ； i 
mixture  of  one  part  of  oxygen  and  one  of  acetylene  is  provided 
by  the  orifices,  Hie  vonci  ion  is  as  slunvn  at  H.  (One  pari  ol' 
oxygen  uniting  with  one  p;u't  of  acetylene  yields  hydrwii 
and  carl)on  monoxide.) 

Tlie  liii>-li  teinpei-at ure  of  G,300°  Fall,  is  obtained  in  the 
bright  cone  immediately  at  the  end  of  the  ti|).  The  liydrwii 
c;ui not  l;,urn  in  that  high  temperature  zone  as  it  cannot  unite 
with  the  oxygen,  because  it  is  above  the  disassoriation  tern pc 
rature  of  water.  It  therefore  passes  out  to  the  long  flame, 
wliich  is  called  u  the  envelope,"  and  burns  to  H20  ；  neither 
can  the  carbon  monoxide,  the  product  of  the  first  reaction, 
unite  with  the  additional  oxygen  to  produce  carbon  dioxide  in 
the  liigh  temperature  zone,  and  therefore  this  reaction  must 
also  take  place  in  the  envelope.  The  additional  amount  of 
oxygen  is  in  both  cases  obtained  directly  from  the  air  i!'  a 
satisfactory  design  of  torch  is  used. 

The  carburetting  arrangement  in  the  torch,  which  is 
generally  at  the  base  of  the  tip,  corresponds  to  the  carburetter 
of  an  automobile,  and  if  it  is  not  adequate  or  not  of  a  good 
type,  the  mixture  and  reaction  will  not  take  place  as  given 
above.  If  too  large  a  proportion  of  oxygen  is  supplied,  this 
additional  oxygen  cannot  possibly  tmite  with  a  combustible 
element  in  the  high  temperature  zone  of  this  reaction  because 
all  the  carbon  is  used  up  by  one  part  of  oxygen.  Therefore 
the  surplus  must  pass  thfoii^h  to  tlie  envelope,  and  as  shown 
at  C，  we  have  the  reaction  indicated  (two  parts  of  oxygen 
uniting  with  one  part  of  acetylene  yield  hyd rogen,  carbon 
monoxide  and  a  surplus  of  free  oxygen). 

Part  of  the  surplus  oxygen  going  to  the  envelope  unites 
with  either  the  hydrogen  or  the  carbon  monoxide  and  forms 
carbon  dioxide  or  water  vapour  in  the  secondary  reactions,  so 
that  a  portiQii  only  of  the  oxygen  required  for  these  reactions 
is  taken  from  the  air  instead  of  all  of  it  ；  some  of  it  is,  in 
other  words,  taken  from  the  source  of  supply,  at  a  cost  of 
3^  cents  per  cubic  foot  (more  or  less,  depending  on  conditions) 
instead  of  obtaining  it  from  the  air  without  cost,  and  that  is 
obviously  a  very  uneconomical  condition. 

If  the  means  for  bringing  the  oxygen  and  acetylene 
together  are  not  such  as  will  produce  a  vortex,  and  therefore 
cause  all  the  molecules  of  oxygen  to  come  in  contact  with  t  lit' 
molecules  of  carbon  in  the  acetylene,  a  certain  proportion  of 
the  oxygen  will  pass  out  of  the  tip,  and  through  the  high 
temperature  cone,  unconsuinccl.  Therefore  to  allow  for  tins, 
a  larger  amount  of  oxygen  unist  be  supplied  to  obtain  the 
normal  adjustment  of  tlie  flame  which  is  distinguished  by  tlie 
clear  outline  of  the  inner  cone.  It  can  therefore  be  seen  tliat 
tliis  clear  outline  does  not  necessarily  mean  that  the  llaim1 
is  neutral,  as  if  the  surplus  oxygen  is  present  as  above,  the 
flame  must  necessarily  be  oxidising.  The  normal  or  ocular 
ail  justment,  as  it  might  be  called,  therefore,  may  indicate  a 
proportion  of  oxygen  to  acetylene  of  one  to  one  ( 1'  1 2  to  1  is 
the  nearest  to  this  that  lias  been  obtained)  or  it  may  indicate 
as  high  as  two  of  oxygen  to  one  of  acetylene,  1*8  to  1  bein^ 
very  common. 

If  too  large  a  proport  ion  of  oxygen  is  supplied  through  the 
tip  for  tlie  normal  setting  as  given  above,  the  flame  is 
shortened  and  the  colour  is  changed,  D，  as  compared  with  H. 
The  flame  condition  shown  at  E  indicates  too  large  a  propor- 
tion of  acetylene  or  a  shortage  of  oxygen  from  the  normal 
setting,  the  acetylene  showing  an  extra  or  extended  point  on 


tlie  bright  welding  flame.  Those  two  extreme  conditions  are 
used  by  the  operator  to  adjust  his  flame,  but  he  can  only 
adjust  it  within  the  limits  of  tlie  mixing  device.  This  lip,  A 
and  B,  is  shown  because  it  is  a  simple  representation  of  the 
'' liigh  pressure  positive  irjixture "  carhuretting  device,  hut 
has  now  been  changed  to  the  form  shown  at  F，  the  principle 
of  which,  however,  is  the  same.  The  tip  seats  in  a  cone  and 
the  oxygen  passes  through  the  central  orifice  and  the  acetylene 
through  the  radial  orifices,  striking  together  so  that  there  is 
no  question  of  a  thoroughly  rnoU'rular  contart,  of  tlie  '- 
being  produced  before  they  pass  out  and  are  ignited. 

Another  type  of  torch  wliieli  is  sliown  diagrjiiniiiatifall v  at 
Gr  is  that  in  wliich  the  two  gases  are  brought  to^ct  Imt  hv 
what  is  termed  the  injector  prim  ipU*,  oxygen  passing  in  and 
sliooting  straiglit  througli  a  diamlw  whirh  ,'m"ai，is  ；"' Mvl'"i»' 
eitlier  under  several  pounds  ])ressure  or  under  only  ;t  t' 
ounces.  The  conditions  are  practically  the  same  in  l)ot  )■ 
cases.  The  oxygen  shoots  through  and  the  capillary  att  rar 
tion  or  "skin  friction  ，，  of  the  oxygen  draws  in  the  arel vleno 
and  produces  a  condition  in  whicli  there  is  pure  oxygen  in 
the  centre  and  pure  acetylene  around  the  outside,  witli  the 
mixture  in  a  zone  between  the  two  as  shown  in  section  X Y. 
It  is  well  known  that  tlie  injector  is  »nacle  just  as  ^moot  h  as 


Fig.  2.— Diagram  explaining  Thkouy  of  thk  Pkockss  of  Oxy-acetylene 
Wki.dino. 


possible  inside,  so  as  not  to  produce  any  vortex  ；  also  that  an 
automobile  carburetter  will  not  work  satisfactorily  unless  the 
gases  are  thoroughly  mixed  together.  The  same  applies  to 
a  torch.  This  torch  is  made  in  various  styles.  Sometimes  the 
injector  cone  is  a  narrow  passage  and  sometimes  quite  a  large 
area  ；  there  are  frequently  jogs  or  enlargements  in  the  passage 
with  the  idea  of  producing  mixing  effects.  All  the  gas, 
however,  passes  through  the  centre  of  them. 

Another  type  of  tip  is  shown  at  J.  This  differs  only  in 
detail  from  the  previous  one  described,  the  principle  being 
that  of  the  injector,  though  without  any  cone,  there  being  no 
control  of  the  proportion  of  tlie  two  gases  that  pass  in  by 
orifices,  such  as  are  shown  at  A,  B,  and  F,  the  size  of  the 
orifices  in  these  tips  being  accurately  determined  for  the 
various  sizes  of  tips  for  the  amount  of  gas  required,  thus 
ensuring  the  correct  proportion  at  all  times. 

At  K  is  shown  another  type  in  which  there  are  passages 
which  regulate  tlie  amount  of  gases  passing  through,  but  these 
are  in  the  head  of  the  torch  instead  of  the  tip.  Therefore 
when  a  larger  or  smaller  tip  is  inserted,  the  mixing  passage 
remains  the  same,  so  that  only  one  of  the  set  of  tips  for  that 
torch  has  orifices  correctly  proportioned 

At  L  is  a  diagram  representing  the  cutting  operation. 
This  torch  tip  has  a  central  passage  through  which  the  jet  of 
oxygen  passes.  It  has  a  side  passage  which  carries  an 
ordinary  heating  flame,  the  cutting  being  in  the  direction  of 
the  arrow,  so  that  flame  heats  the  metal  in  advance.  There 
is  also  a  following  flame  which  is  just  the  same  as  that  used 
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for  welding,  merely  for  the  effect  of  keeping  the  slag  fluid 
so  that  it  will  run  out  of  the  weld. 

The  process  of  oxy-acetylene  welding  and  cutting  is  being 
used  to  a  considerable  extent  for  the  repairing  ol'  st eaiu 
boilers.  The  operator  should  be  certified  as  to  his  ability  to 
make  a  good,  strong  weld.  The  operator  is  frequently  merely 
an  unskilled  <(  handy  man  "  who  has  been  instructed  in  the 
knack  of  making  a  strong  weld,  but  has  no  knowledge  of 
boiler  structures  or  the  strength  of  metals  or  their  heat 
treatment,  and  therefore  is  not  capable  of  judging  the  con- 
ditions under  which  welds  should  be  made.  This  process  of 
welding  is  developing  a  number  of  other  lines  of  metal 
working.  For  instance,  pressed  steel  is  coming  into  use  very 
largely  everywhere  it  is  possible  to  use  it,  but  its  use  has  been 
limited  to  what  could  be  made  in  dies.  Pressed  work  in  con- 
nection with  welding  has  no  limits,  because  the  parts  can  be 
made  in  sections  and  then  welded  together.  Cast  iron  can 
be  welded  perfectly  satisfactorily.  The  metal  will  be  soft  if 
the  work  is  carried  out  by  a  skilled  operator  with  an  equip- 
ment that  does  not  remove  the  free  carbon  by  combustion  with 
the  surplus  oxygen  in  the  flame,  and  it  can  be  made  so  soft 
that  expensive  milling  cutters  and  other  tools  can  be  used 
on  it  without  any  fear  of  their  being  damaged. 

Aluminium  is  an  extremely  difficult  metal  to  weld,  owing 
to  several  conditions.  One  is  that  it  oxidises  so  rapidly  ； 
another  is  that  it  has  practically  no  strength  when  it  is  a  few 


Fig.  3.— View  of  Oxy-acetylene  Cutting  Macrink  in  Operation  with  Two  Torches  forming  a  Stkkl 
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hundred  degrees  in  temperature.  It  lias  also  high  con- 
ductivity, so  that  a  large  portion  of  the  piece  is  heated  and 
the  heat  wasted.  It  has  very  high  expansion  and  contraction. 
All  these  conditions  make  it  an  extremely  difficult  metal  to 
handle  ；  and  yet  it  is  possible  to  weld  it. 

What  I  believe  to  be  the  largest  welding  job  that  has  ever 
been  carried  out  and  at  the  greatest  saving,  was  carried  out 
on  the  steel  pipe  line  at  Boulder  Mountain  in  Colorado.  The 
Colorado  Power  Company  built  this  pipe  line,  using  butt  strap 
construction,  which  proved  faulty.  They  tried  all  kinds  of 
ways  to  correct  the  difficulty,  but  without  avail.  The  trouble 
was  that  the  water  leaked  out  from  between  the  butt  straps, 
the  water  having  a  head  of  some  1,700ft.,  giving  8251bs. 
pressure  at  the  base.  The  pipe  was  4ft.  diam.  at  the  bottom 
and  l  jin.  thick.  A  tremendous  amount  of  water  came  out 
from  these  joints  and  it  was  threatening  to  wash  away  the 
foundations  and  destroy  the  whole  structure.  Something  had 
to  be  done  immediately.  Half  a  million  dollars  had  been  put 
into  the  structure  and  the  whole  thing  was  being  held  up. 
Finally  it  was  welded  by  the  oxy-acetylene  process,  in  the 
winter  on  the  side  of  the  mountain,  in  a  temporary  structure 
which  was  moved  from  one  point  to  another.  A  V-groove 
was  first  cut  so  as  to  make  a  deep  weld,  with  the  cutting  torch. 
Part  of  the  pipe  ran  through  a  tunnel,  and  joints  were  made 
at  the  mouth  of  one  of  the  tunnels.  The  joints  were  all 
reinforced  to  2?,in.  thick,  and  gussets  were  also  put  in.  The 
cost  of  that  job,  which  was  located  some  miles  from  any  car 
line,  was  over,  $30,000，  ))iit  it  saved  at  least  a  quarter  of  a 
million  dollars. 


I  n  Fig.  3  is  shown  an  oxy-acetylene  cutting  machine 
adapted  for  cutting  out  frame's  for  the  trucks  of  motor-cars. 
Previous  to  this  process,  the  plates  were  cut  by  niachine-shoj) 
methods,  einln-acing  first  boring  large  holes,  and  then  putting 
them  on  a  planer  and  a  shaper  using  parting  tools.  A  row 
of  holes  is  drilled  for  long  curves,  the  metal  broken  off,  and  an 
air  chisel  used  to  trim  up.  It  took  three  days  to  get  one  out  ； 
whereas  they  are  now  cut  out  in  two  hours.  They  are  Jin. 
thick  and  about  12ft.  in  length,  there  being  about  45ft.  of 
cutting.  Each  cut  must  be  set  separately,  which  takes  most 
of  the  time. 

The  machine  is  adapted  for  a  variety  of  cutting  operations 
of  the  kind  usually  handled  on  a  vertical  slotting  macliine  or 
horizontal  shaper,  but  it  does  the  work  much  faster  than  a 
cutting  tool.  There  is  a  substantial  bed  for  holding  heavy 
steel  plates  or  forgings  and  an  extension  at  the  rear  supports 
the  pantagraph  motion  that  guides  the  cutting  torches.  Tlie 
double  pantagraph  frames  are  made  of  steel  tubing  and  all 
joints  provided  with  ball  bearings.  A  horizontal  bar  is 
secured  to  the  pantagraphs  at  the  points  opposite  their  pivots 
on  the  vertical  supports.  The  tracing  wheel  which  governs 
the  movements  of  the  torches  is  attached  by  a  sliding  block  to 
any  position  on  this  bar  according  to  the  pattern  or  drawing 
to  be  followed  and  the  required  position  of  the  torches.  One 
or  more  torches  are  attached  to  the  bar  by  similar  sliding 
blocks.    The  illustration  shows  the  tracing  wheel  at  about  the 

middle  of  the  bar  and  a  torch  on 
each  side  making  duplicate  cuts. 
The  tracing  wheel  is  driven  by  a 
small  electric  motor  which  is  pro- 
vided with  a  centrifugal  governor 
for  regulating  the  speed  at  which 
the  torches  are  moved  thereby  over 
the  plate  or  material  to  be  cut. 

A    full-size   drawing  of  the  cut 
that  is  to  be  made  is  placed  under 
the    tracing   wheel.       The  tracing 
wheel    then    follows  the  outline  on 
the  drawing  and  causes  the  torch  or 
torches  to  follow  a  similar  path  over 
the  work.    The  most  irregular  out- 
lines can  be  easily  followed.  The 
speed  at  which  the  machine  cuts  is 
from    2in.    to    12in.    per  minute, 
according  to  the  thickness  of  the 
work.      The  torches  used   are  the 
regular    two-hose    macliine  cutting 
torches  manufactured  by  the  Davis- 
Bournonville  Company,  vertical  ad- 
justment   of     the     torches  being 
obtained  by  means  of  a  pinion  operated  by  a  thumbscrew 
which  meshes  with  a  rack  cut  in  the  body  of  the  torcli. 
The  entire  pantagraph  motion  can  also  be  adjusted  vertically 
by  means  of  a  hand  wheel  at  each  end  of  the  macliine,  which 
operates  pinions  meshing  with  rack  teeth  cut  in  the  vertical 
supports.    Any  further  adjustment  that  is  necessary  is  then 
obtained  by  regulating  the  height  of  the  torches  with  the 
tluimb  wheels.      The  latter  adjustment  permits,  on  certain 
classes  of  work  where  the  thickness  varies,  of  adjusting  the 
height  of  the  torch  while  cutting. 

With  this  machine  a  cut  may  be  made  at  any  point  over 
a  surface  42in.  by  84in.  in  size  without  shifting  the  torch  on 
the  bar.  By  shifting  the  torch  or  by  using  two  torches,  the 
area  over  which  a  cut  can  be  made  is  increased  to  42in.  by 
168in.  Where  duplicate  work  is  being  done  or  where  two 
similar  cuts  are  to  be  made  in  a  single  piece,  the  output  of  the 
machine  is  greatly  increased  by  using  two  torches  siimiltane- 
ously.  An  example  of  this  kind  is  shown  in  the  illustration, 
Fig.  3，  where  a  steel  side  frame  for  an  electric  locomotive  is 
being  cut. 


Clearance  Limits  on  British  and  American  Railways. ― The  clear- 
ance limits  are  much  smaller  on  British  than  on  American 
lines,  although  the  track  gauge,  4ft.  8Jin.  is  the  same.  Tlie 
maximum  clearance  limit  on  English  railways  is  13t't.  9in.  in 
height  and  9ft.  Sin.  in  width  at  the  platform  level.  On 
American  railways  the  maximum  clearances  are  1 6 1  ft .  in 
heiglit  and  10,1ft.  in  width. 
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DRIVING  AND  REVERSING  GEAR  FOR  ENGINE  SHAFTING. 

We  illustrate  herewith  an  arrangement  of  driving  and  revers- 
ing gear  for  engine  or  motor  shafting,  the  joint  invent  ion  。l 
W.  Ferguson  and  D.  R.  Ferguson,  of  Sunnysido,  ，J"lmston''， 
N.B.  Fig.  1  shows  a  half  sectional  plan-view  of  the  gear, 
Fig.  2  an  elevation  of  same,  and  Fig.  3  an  end  view.  The 
o(-ai-  casing  J  is  slidably  mounted  on  bars  M，  attaclird  to 
stationary  supporting  brackets  N.  The  slia fts  H  and  A  ； 
mounted  in  bearings  in  the  gear  casing.  By  sliding  tin- " 。 
casing  in  one  direction  the  clutch  member  C，  which 卜 ； iUa( 
to  the  driving  shaft  B  so  as  to  rotate  therewith,  is  thrown 
into  engagement  with  the  clutcli  member  I),  seemed  to  tin* 
driven  shaft,  so  that  tnotion  is  transmitted  direct  to  the  driven 
shaft  i'roii!  tlie  driving  shaft  through  the  du"  li  m("iil""'s. 


Fig.  3 .—Driving  and  Kevkksinv;  (Iiiau. 


By  sliding  the  gear  in  the  opposite  direction  the  clutch 
member  F  of  the  casing  is  thrown  into  engagement  with  the 
clutch  member  H，  rotatably  mounted  on  the  driven  shaft,  so 
tliat  the  radial  arms  G,  secured  to  the  member  II，  are  held 
stationary,  and  the  drive  is  transmitted  from  the  gear  wheel 
K  by  means  of  the  intermediate  bevel  wheels  L  to  the  gear 
wheel  E，  thus  reversing  the  direction  of  rotation  of  the  driven 
shaft  A.  The  driven  shaft  is  held  against  longitudinal  move- 
ment by  means  of  a  double  ball- tlirast-bearing  O.  The  hous- 
ing R  of  the  thrust  bearing  is  provided  with  a  ring  P，  whicli 
engages  with  the  clutch  member  H  and  nut  Q,  and  therein' 
secures  the  member  H  against  longitudinal  】uovemeiit. 

The  casing  is  moved  by  a  bent  lever  T  fulcrumed  in  jaws 
on  one  of  the  stationary  brackets,  the  lever  having  one  end 
in  engagement  with  a  groove  in  the  gear  casing,  and  the  other 
end  pivotally  connected  to  a  collar  U,  slidably  mounted  on  a 
manipulating  rod  V  provided  with  a  hand  wheel,  and  adapted 
to  be  screwed  into  a  swivelling  nut  X,  mounted  in  a  jaw  S 
on  the  other  stationary  bracket,  and,  in  order  to  regulate  the 
thrust  on  the  clutches,  the  lever  is  loaded  by  springs  arranged 
between  collars  secured  in  any  desired  position  on  the  rod  V 
by  means  of  set  screws,  the  springs  bearing  against  the  slid- 
able  collar  U.  Adjustable  stops  are  provided  on  the  rod  V, 
one  on  either  side  of  the  nut  X,  to  limit  tlie  contpressiott  nf 
each  spring  to  a  definite  amount.  It  will  be  inanil'est  that 
by  this  arrangement  tlie  thrust  on  the  clutches  can  be 
varied  as  desired.  Thus,  the  clutches  are  not  dependent  on 
the  propeller  thrust  for  keeping  them  in  enuam'inent,  and 
consequently  tlie  gear  can  be  used  for  other  than  marine  work. 


A  Lar^c  Air  Compressor. ― What  is  claimed  to  be  the  lar^t^t 
compressor  so  far  adopted  in  connection  with  the  coal-mining 
industry  of  Germany  has  been  completed  hx  tlie  Frank furt  cr 
Maschinenbau  Gesellschaft,  of  Frankfort-ani-Main,  f()r  tho 
Werne  Collieries  of  the  Georgs  Marienhiitte  Gescllst-haft . 
The  machine  runs  at  a  speed  of  82  revs,  per  minute,  and  is 
capable  of  compressing  635,580  cub.  ft.  of  air  jxm-  liour  to  a 
pressure  of  eight  atmospheres. 


FLAME  STANDARDS  IN  PHOTOMETRY. 

In  a  paper  by  E.  B.  Rosa  and  E.  C.  Crittenden  contributed 
to  the  bulletin  of  the  United  States  Bureau  of  Standards,  the 
authors  state  that  although  an  agreement  has  been  reached 
regarding  the  relative  values  of  the  units  of  light  in  use  in 
different  countries,  no  one  primary  photometric  standard  baa 
been  generally  adopt  by  the  various  governments.  I  n 
(iormanv  preference  is  given  to  t  he  i  I«-i'ner  lamp,  in  Kii'/IjiihI 
to  the  pentane  lamp,  and  in  France  to  the  Carcel  屮 
Each  of  these  serves  in  its  own  country  both  as  the  primary 
standard  and  as  a  working  standard,  l>ut  for  tlie  pln't  (川 i«'，  r、' 
of  electric  lamps  and  generally  in  accurate  pliotometrir  work 
standardised  electric  incandescent  larnpH  are  used  in  all 
countries.  In  America  a  group  of  such  lamps  kept  at  tl"' 
Bureau  of  Standards  is  considered  as  a  provisional  primarv 
standard,  serving  to  maintain  tlie  unit  until  a  better  prirnai  v 
slaiuiard  shall  have  been  devised.  It  is  l""iev('(l  that  t lu*  unit 
whicli  has  been  agreed  upon  can  Ix*  so  lnuiiitaiued  wit  li  an 
accuracy  considerably  above  that  with  which  it  can  be  repro- 
duced by  reference  to  any  of  the  so-called  reproducihle 
standards  at  present  in  use.  In  other  words,  the  in( 卜 
descent  lamps  have  really  been  em  ployed  as  primary 
standards,  and  the  flame  standards,  which  logically  should 
play  the  part  of  primary  standards,  have  been  relegated  to  a 
subordinate  position. 

There  is,  however,  a  possibility  of  an  appreciable  drift  in 
the  value  of  the  unit  if  there  is  no  photometric  standard 
accurately  reproducible  from  its  specifications  which  is  capable 
of  serving  as  a  reliable  check  upon  the  electric  standards.  It 
has  therefore  appeared  worth  while  to  make  a  study  of  the 
best  types  of  flame  lamps  to  see  how  closely  they  would  repro- 
duce in  the  Bureau  laboratory  the  values  adopted  by  inter- 
national agreement,  and  also  to  find  whether  their  reliability 
as  primary  standards  could  be  increased  by  any  changes  in 
construction  or  in  operation.  - 

The  authors  discuss  at  length  the  effect  of  atmospheric 
conditions  on  the  intensity  of  flames,  and  give  tables  and 
curves  showing  the  performance  of  typical  lamps.  The  Carcel 
lamp  is  by  far  the  least  reliable  of  the  three  types,  and  cannot 
be  considered  as  a  competitor  for  general  acceptance.  Tlie 
Hefner  and  the  pentane  lamp  as  made  at  present  divide 
honours  ；  the  latter  is  markedly  superior  as  a  practical 
standard,  but  individual  pentane  lamps  do  not  agree,  and 
until  lamps  can  be  independently  made  which  shall  give  the 
same  value  the  type  can  hardly  be  said  to  be  reproducible. 
The  Hefner  lamp  is  so  simple  in  construction  that  reproduc- 
tion of  lamps  is  relatively  easy.  Lamps  now  made  show  small 
differences  due  to  slight  departures  from  mean  dimensions, 
but  these  differences  can  be  made  negligible  by  more  careful 
construction.  Great  difficulty  is  experienced,  however,  in 
making  accurate  comparisons  of  working  standards  against 
Hefner  lamps  because  of  the  very  low  intensity  (0*9  candle) 
and  the  red  colour  of  the  flame. 


Fig.  2.  Fir..  3. 

Dhiving  and  Hkvkrsixo  G f  \ it . 


It  is  believed  to  be  possible- to  apply  the  principle  of  the 
present  pentane  lamp  in  specially  made,  accurately  specified 
lamps  with  interchangeable  parts,  ami  thus  to  obtain  a  closer 
agreement  between  lamps.  Then  by  operating  the  lamps 
under  definite  conditions  one  should  be  able  to  obtain 
su nicicnt  precision  with  either  the  Hefner  or  the  pentane 
lamp  to  give  a  valuable  check  on  the  electric  standards  now 
in  use. 
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SOME  PRESENT-DAY  METALLURGICAL  PROBLEMS.* 

BY  D.  A.  LYON,  A.M.,  METALLURGIST,  U.  S.  BUREAU  OF  MINES. 

Although  metallurgy  is  applied  chemistry,  it  is  nevertheless 
true  that  metallurgy  was  the  forerunner  of  chemistry,  and  is 
a  very  ancient  art.  As  is  evidenced  by  the  large  number  ot 
flint  instruments  which  have  been  discovered  from  time  to 
time,  and  in  different  localities,  and  which  are  now  to  be 
found  in  various  museums  throughout  the  world,  there  was  a 
time  when  metals  were  entirely  unknown,  or  else  had  been 
produced  in  such  small  quantities  as  to  prohibit  their  general 
use.  However,  as  time  went  on,  men  acquired  the  art  of 
reducing  the  less  refractory  metals  from  their  ores.  Since 
copper  was  one  of  the  first  metals  to  be  used,  it  may  be  that 
the  copper  came  from  what  are  known  as  native  deposits,  and 
that  later  the  art  of  reducing  it  and  other  less  refractory 
metals  was  discovered.  Be  that  as  it  may,  the  copper,  beiug 
soft,  had  to  be  hardened,  and  in  ancient  times,  as  to-day,  this 
was  done  by  the  addition  of  a  small  proportion  of  iron,  arsenic, 
or  tin.  At  just  what  period  the  use  of  iron  became  general 
we  do  not  know,  for,  due  to  the  rapidity  with  which  it 
oxidises  and  likewise  due  to  the  fact  that  oxidation  gradually 
proceeds  through  the  whole  mass,  an  iron  instrument  left 
lying  alongside  of  a  flint  instrument  would  wholly  disappear, 
and  so  it  may  be  that  iron  was  used  much  earlier  than  wc  have 
any  record  of.  However,  we  are  informed  that  explorers  in 
Egypt  and  in  Assyria  discovered  specimens  of  brass  and  iron 
which  show  that  the  Egyptians  were  acquainted  with  the  use 
of  iron  as  much  as  4,000  years  ago,  and  possibly  even  before 
that  time.  In  the  early  books  of  the  Old  Testament  ^frequent 
references  are  made  to  the  use  of  iron,  and  so，  as  before  stated, 
we  have  every  reason  to  believe  that  the  use  of  iron  was  known 
in  very  early  times.  However,  for  centuries  and  centuries, 
iiietallur^y  was  more  of  a  craft  than  an  art,  and  new  dis- 
coveries were  for  the  most  part  the  result  of  accident  rather 
than  of  investigation. 

During  the  Middle  Ages  alchemy  came  into  vogue,  tlie 
principal  aim  of  which,  we  are  told,  was  to  discover  ways  and 
means  for  the  transmuting  of  base  metals  into  gold. 
Although  the  alchemists  were  unsuccessful  in  their  attempts, 
they  nevertheless  accumulated  a  large  amount  of  facts  on 
which  was  based  the  modern  science  of  chemistry,  but  it  was 
not  until  about  a  century  ago  that  the  later  science  was 
advanced  to  anything  like  its  present  state  of  development, 
and  it  has  only  been  within  that  time  that  metallurgical 
processes  have  been  carried  out  on  a  really  scientific  basis. 
As  a  matter  of  fact,  the  advances  have  been  so  rapid  that  the 
metallurgical  profession  has  come  to  feel  pretty  well  satisfied 
with  itself.  This  is  due  to  the  fact  that  a  large  part  of  the 
advancement  which  has  been  made  has  been  in  the  nature  of 
large  production  at  comparatively  low  costs. 

I  do  not  wish  to  b,e  understood,  in  this  connection,  as 
inferring  that  present-day  metallurgical  practice  has  not  been 
developed  along  perfectly  normal  lines  ；  as  a  matter  of  fact, 
it  has,  but,  now  that  it  has  reached  its  present  state  of 
development,  the  metallurgical  profession  should,  and  is, 
turning  its  attention  to  perfecting  those  processes  which  are 
in  use  at  the  present  time,  to  devising  others  which  will 
correct  existing  defects,  and  to  solving  some  of  the  many 
]ir<jl>lems  which  require  a  solution. 

Although  we  have  heard  more  or  less,  during  recent  years, 
of  tlie  possibility  of  the  world's  iron  ore  supplies  becoming 
exhausted,  those  who  have  made  a  special  study  of  the  subject 
inform  us  that  they  do  not  see  any  immediate  prospect  of  this 
being  the  case.  While  it  is  true  that  new  ore  fields,  are  dis- 
covered almost  every  year,  it  is  equally  true  that  the  iron 
industry  is  beginning  to  feel  the  necessity  of  turning  its 
attention  to  the  treatment  of  ores  which  in  the  past  have  not 
been  considered  suitable  for  blastfurnace  work,  as,  for 
exam  pie.  tliose  deposits  which  are  found  to  the  western  end 
of  the  Mesabi  Range,  where  the  ore  is  interbedded  with  sand . 
These  deposits  are  very  extensive  and  for  a  long  time  they 
were  not  considered  very  valuable.  They  are  now  successfully 
concentrated,  and  so  these  deposits  have  added  enormously  to 
the  value  and  extent  of  the  Mesabi  reserves.  This  is  also  true 
of  many  other  deposits  ；  namely,  that,  although  too  lean  to 
work  as  raw  ores,  it  is  possible  by  concentration  to  bring  the 

*  Abstract  of  paper  presented  before  the  Mining  ami  Metallurgical  section  of 
the  Franklin  Institute. 


metallic  content  of  the  concentrates  up  to  a  point  where  tliey 
correspond  to  a  fairly  good  ore.  Although  tlie  metallurgical 
treatment  of  such  ores  requires  special  care  and  attention, 
clue  to  the  physical  nature  of  the  same,  the  smelting  of  tlieiu 
does  not  present  any  purticularly  difficult  problems,  as  do 
those  ores  in  which  the  iron  is  combined,  either  mechanically 
or  chemically,  with  some  other  element  or  elements,  and  from 
which  the  iron  is  separated  with  difficulty,  either  hv 
mechanical  methods  or  in  tlie  metallurgical  treatment  of 
the  same. 

Classification  of  Iron  Ores. —— The  ores  of  iron  which  are  used 
in  the  production  of  iron  may  be  arranged  according  to  the 
following  general  classification,  as  given  by  Turner  :  * 

I.  Magnetic  oxide  or  magnetite. 

(a)  Pure  magnetites  (FeO,  Fe203,  Fe304). 
(h)  Magnetites  in  which  part  of  the  oxide  of  iron  has 
been  replaced   by  the  oxide  of  another  metal, 
'.V-，  chromium  (chromite),  titanium  (ilmenit^),  or 
zinc  (fraiiklinite). 
II.  Ferric  oxide  or  haematite. 

(〃) Anhydrous  ferric  oxide  or  red  hsematite  (Fe.)03). 
(h)  Hyd rated  ferric  oxide,  including  brown  haematite, 
linionite,  bog  ore,  &c, 
III.  Ferrous  carbonate  or  spathic  ores 
(a)  Pure  spathic  ores. 

{!>)  Carbonate  ores  associated  with  clay  (clay  iron 
stones,  argillaceous  ores)  or  with  bituminous 
matter  (blackband). 
As  stated,  these  are  the  ores  that  are  used  in  the  pro- 
duction of  iron.  The  majority  of  ores  which  have  heretofore 
been  treated  belong  to  II.  (a)  more  or  less  mixed  with  those 
of  (h).  For  some  time,  iron  ores  of  I.  (a),  magnetites,  were 
looked  upon  with  disfavour,  even  when  pure,  as  being  difficult 
to'  reduce.  The  main  objection  to  them,  however,  has  been 
that  they  are  so  often  mixed  with  other  impurities,  such  as 
silica,  titanium,  and  phosphorus.  Silica,  of  course,  it'  in 
excess,  simply  renders  the  iron  too  low  in  iron  content  to 
permit  of  profitable  working  ；  if  too  liigh  in  phosphorus,  the 
iron  will  not  make  good  steel,  and  if  too  high  in  titanium,  the 
general  impression  has  been  that  in  smelting  the  ores  in  the 
blastfurnace  sticky  slags  were  produced  which  interfered  with 
the  successful  working  of  the  furnace.  As  to  the  latter  point, 
the  same  will  be  discussed  later.  On  the  whole,  then ,  we 
may  say,  so  far  as  the  subject  of  ores  is  concerned,  that  the 
problem  which  immediately  concerns  the  iron  metallurgist  is 
the  treatment  of  the  complex  ores,  so  to  speak ― that  is,  ores 
containing  other  metallic  elements,  and  which  are  considered 
harmful  for  either  of  the  following  reasons  :  (1)  In  the  treat- 
ment of  the  ores  in  the  blastfurnace  the  other  elements  present 
in  the  ore  may  b.e  reduced  with  the  iron  and  so  impart  to  it 
undesirable  properties.  (2)  As  in  the  case  of  titanium  ores, 
the  titanium  may  render  the  treatment  of  the  ores  difficult, 
for  reasons  already  explained. 

As  to  the  first  of  these  problems,  namely,  the  iin]>artin^ 
to  the  iron  of  undesirable  properties  by  an  alloying  element, 
it  is  now  realised  that  certain  elements  which  are  present  in 
iron  ores  impart  beneficial  rather  than  harmful  effects  to  the 
fabricated  metal .  Take,  for  example,  such  ores  as  those  of 
the  Moa  deposit  in  Cuba.  They  carry  from  1"5  to  2  per  cent, 
chromium,  about  half  as  much  nickel,  and  8'0  to  12  per  cent . 
alumina.  Although  the  treatment  of  such  an  ore  is  difficult 
in  the  blastfurnace,  and  the  steel  maker  is  confronted  with 
certain  problems  in  converting  the  pig  iron  into  steel,  it  is  up 
to  the  metallurgist  to  conserve  these  two  alloying  elements, 
for  alloy  steels  are  now  being  used  more  and  more,  and  in 
case  of  the  Moa  deposit  it  would  seem  as  if  there  alread v 
existed  in  Nature  a  combination  of  elements  in  the  same  ore 
which  have  proved  so  beneficial  in  steel  making.  As  stated 
by  Dr.  C.  L.  Parsons  in  Bulletin  No.  47  of  the  U.  S.  Bureau 
of  Mines,  "  the  metallurgy  of  iron  has  reached  a  perfection 
beyond  that  of  any  other  metal,  and  wastes  have  been 
eliminated  to  an  extent  that  serves  as  some  indication  of  what, 
perhaps,  may  be  done  in  other  industries  when  the  same 
intelligent  investigation  lias  been  applied."  If  this  be  true, 
then  it  would  seem  tliat  progress  in  tlie  metallurgy  of  iron  and 
steel  must  be  largely  along  the  lines  of  conservation .  How- 
ever, it  must  not  be  inferred  from  such  a  statement  that 
conservation  has  not  been  taken  into  account  in  the  industry, 

*  "The  Metallurgy  of  lion."  by  T.  Turner,  p.  50. 
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lor  t  lu*  saving  ； m(l  use  oi'  hy-pi'oducls  1  est  i lies  ">  t  liat .  Th('r(' 
is,  however,  st  ill  room  t'oi-  coiisci'viit  ion ,  m  nd  "specially  ;i  Imi; 
t  lie  lin*  s  of  t  he  constM-vat  ion  oi'  t  liosc  olcnieiits  which  arc 
l)rt)s(、nt  in  ores  wliicli  have  not  l)een  tn';i">(l  in  t  1k>  past,,  as 
there  was  no  necessity  of  so  doing,  with  the  large  supply  ol' 
pure  ores  availal)U'. 

1 1  seems  to  the  writer  that  one  of  1  he  gre;-t (jst  (山! （'ms  in 
conservation,  so  far  as  the  production  of  iron  is  concerned,  is 
the  devising  oi"  some  process  wli('r('l>.v  1  lie  iron  which  is 
as.-ociated  with  coppci-,  lead,  zinc,  &(■.，  in  tlu'ir  oi'cs  may  I)'' 
saved  instead  of  hei"g  thrown  over  t lie  dunip  in  1  lie  loi'in  of 
slag.  At  present  this  iron  is  lost,  so  far  as  its  use  as  a  metal 
is  concerned.  We  must ,  of  course,  ； i 山 nit  I  hat  this  iion  ys 
its  part  in  the  smelting  operations  - ~  namely,  as  a  l)asic 
nvui  ralising  agent  for  the  acid  materials  pi'escnl  i  ti  t  lie  cli;i  v^r 
― and  the  problem,  t h"r('r()r('，  ih  solves  itself  in")  I i tiding  a 
suitable  iiou-met  allic  l)as(、  wliicli  will  do  t  he  same  work  as  t  luk 
iron  does,  and  a  process  wliereliy  t  lie  iron  may  \>r  s;iv(mI  and 
utilised.  We  must  also  admit  that,  even  if  this  iron  could 
be  recovered  as  lnclallic  iron,  it.  mi^ht  he  dinicult  to  li ml  ； i 
market  for  it.  However,  that  "art  of  t  lie  dinicult  y  would, 
no  doubt,  ]>e  overcome  if  a  method  could  be  found  for  recover- 
ing the  iron . 

It  this  iron  should  be  alloyed  with  copper,  perhaps  all 
the  better,  as  recent  in\  (  si  ii^at  ions  tend  to  show  that  co]>]km  , 
when  present  in  iron  in  proper  pr()pui'ticms，  inhibits  corrosion. 
The  writer  is  well  aware  that  there  are  certain  investigators 
who  claim  that  such  is  not  the  case ~ that  is,  that  copper  does 
not  prevent  corrosion,  and  that  the  purer  iron  is,  the  less  liable 
it  is  to  be  corroded.  With  due  deference  to  all  those  who 
hold  this  opinion,  the  writer  believes  that  there  is  more 
evidence  to  warrant  the  belief  that  the  presence  of  copper  in 
proper  amounts  in  steel  does  prevent  corrosion,  rather  than 
that  it  does  not,  or,  as  some  claim,  by  reason  of  its  being  an 
impurity,  promotes  it. 

The  Use  of  Titanifcrous  Ores. ―  At  the  present  time  there  is 
more  or  less  prejudice  among  blastfurnace  men  against  ores 
t'untaining  titanium  oxide  (Ti02).  Briefly  stated,  the  history 
of  the  treatment  of  titanic  ores  is  as  follows :  Numerous 
laboratory  investigations  have  been  conducted  upon  synthetic 
slags,  and  small  commercial  blastfurnaces  have  been  operated 
upon  titanium  ores  in  Norway  in  1850,  at  Norton,  England, 
in  1868，  and  later  by  the  Mclntyre  Furnaces  in  New  York. 
In  this  connection  it  is  well  to  note  that  all  successful  smelting 
of  titanium  iron  ores  has  been  done  in  small  furnaces ― that  is, 
furnaces  having  a  daily  capacity  of  from  3  to  15  tons  of  iron. 
Tlie  objections  advanced  by  blastfurnace  men  of  to-day 
against  using  titanium  ores  is  that,  when  smelting  ores  con- 
taining even  less  t  luui  1  per  cent,  of  titanic  acid,  cyaiioiiitricle 
collects  in  the  liearth  and  soon  necessitates  the  closing  down  of 
the  furnace.  In  no  instance  in  the  operation  of  the  small 
furnaces  was  trouble  reported  from  accretions  of  cyanonitride, 
and  in  no  instance  was  it  found  impossible  to  make  a  fluid 
slag.  At  Norton.  E inland,  both  coke  and  charcoal  were 
employed  at  different  times.  As  to  why  the  small  furnaces 
were  not  bothered  with  accretions  of  cyanonitride  was 
proha  hlv  due  to  the  fact  that  the  temperat  uro  was  too  Jmv  i  o 
form  Uh、  carbide  of  titanhnii,  which  in  combination  witii  the 
nitrogen  of  the  blast  at  the  luvcres  forms  cyanonitride. 

The  problem,  then,  of  smelting  these  ores  in  the  iiiodt-rn 
Mast  furnace  is  seemingly  one  of  duplicating  the  tempn'aturf' 
(■(uulil  ions  of  i  he  small  furnaces  that  have  proved  siircessful. 
On  the  other  hand,  there  are  metallurgists  who  state  that  it 
is  quite  easy  and  perfectly  feasible  to  smelt  titanium  ores  in 
the  modern  blastfurnace,  and  operated  in  the  same  maiiiKM-  as 
when  treating  simple  ores —— that  is,  the  charge  is  made  up 
with  such  a  proportion  of  ores,  fluxes,  and  fuels  as  to  give  a 
fluid  slag ― and  it  is  further  stated  that  it  is  an  ill-fouiulctl 
notion  that  titanic  slags  are  viscous.  Due  to  this  diversity  of 
opinion  among  iron  blastfurnace  men,  the  Mclntyre  Iron 
(1onipanv,  which  has  large  titaniferous  ore  holdings  in  New 
York  State,  has  decided  to  carry  on  some  experiments  on  a 
commercial  scale  at  the  plant  of  the  Noil  Ikm'ii  I  ron  ('ompaiiv 
at  Port  Henry,  New  York  State.  It  is  lioped,  as  a  result  of 
these  experiments,  to  be  able  to  dispel  t  he  uncertainties  which 
now  exist  as  regards  the  possibilities  of  being  able  to  success- 
fully smelt  titanium  ores.  For  this  reason,  it  is  expected  tliat 
the  experiments  at  Port  Henry  will  be  watched  with  a  "rreat 
deal  of  iiit t、n、s1 . 

Thus  we  see  that  in  the  irmi  industry,  so  in  v  as  t  lie  use  ul. 
raw  materials  is  concerned,  the  problem  of  the  metallurgist 


is  :  (1)  To  so  modify  existing  processes  m'  j nvfitt  new  ；卜 
to  enable  liim  to  sL"'('('ssfullv  t  icat ,  I  rmn  a  ('mfiMiwci;"  stand- 
point, those  ores  which  liave  nol  hit  ImtIo  been  considered  as 
suited  to  blastfurnace  practice.  (2)  To  recover  and  make  use 
of,  as  a  source  of  iron,  the  vast  amount  of  iron  that  is  now 
1 1novvii  over  the  dump  in  t he  slags  which  are  obtained  in 
nou-lerrous  blastfurnace  work.  (3)  To  prevent,  if  possiljU*, 
the  corrosion  of  the  iron  t  liat  is  produced,  either  by  the 
addition  to  it  of  some  Hemeiit,  wliicli  will  inhibit  ron o-ioii. 
or  by  t  he  pioduct  ion  of  a  ptu  e  metal,  which,  as  before  stated, 
is  the  way  some  claim  to  be  able  to  prevent  corrosion. 

One  of  the  greatest  advances  wliich  could  be  made  in 
conservation  would  be  the  discovery  of  some  means  wherel)y 
the  corrosion  of  iron  and  steel  could  be  prevented.  Not  on  I  v 
would  this  mean  conservation  of  iron  but  of  coal.  If  we 
calculate  the  amount  of  fuel  that  is  used  for  all  purposes, 
including  ti-ansportaiion,  installation,  (、'（'.，  we  find  t hat  it, 
amounts  to  about  three  tons  of  coal  for  every  ton  of  pig  iron 
produced. 

As  regards  conservation,  although  the  amount  of  iron  and 
steel  which  has  been  produced  each  year  has  .stf*;uji  1  、- 
increased, '  less  ore  is  now  required  to  produce  a  ton  of  steel 
than  was  the  case,  say,  in  1890,  when  nearly  four  tons  of  ore 
were  consumed  per  ton  of  steel  produced,  whereas  ten 
later  only  2*7  tons  were  required,  and  in  1910  only  2'  1  tons. 
As  pointed  out  by  Chamberlain,*  though  several  factors  ；门' *' 
involved,  this  decrease  in  the  amount  of  ore  used  has  been 
due  to  the  growth  of  the  open-heartli  process  and  the  con- 
sequent utilisation  of  scrap. 

Fine  Ores. ― As  is  well  known,  it  is  only  within  recent 
years  that  this  problem  has  arisen  in  iron  blast  furnace  work. 
However,  as  the  richer  ores  began  to  grow  scarcer,  the  poorer 
ones  began  to  be  concentrated.  Naturally  the  treatment  ,>l 
these  concentrates  in  the  blastfurnace  has  greatly  increased 
the  percentage  of  fin  as  in  the  burdening  of  the  furnace,  wit  h 
the  result  that  the  furnaces  are  more  difficult  to  operate  than 
when  treating  coarser  ores.  Such  being  the  case,  it  would 
seem  that  some  preliminary  treatment  of  these  fines,  for  the 
purpose  of  agglomerating  them,  as  well  as  the  flue  dust  which 
is  produced,  would  tend  to  increase  the  efficiency  of  the  blast- 
furnace. Inasmuch  as  considerable  progress  has  already  been 
made  along  this  line 一 that  is,  in  the  way  of  nodulising  and 
sintering  fine  ores ― it  may  not  be  strictly  correct  to  speak  of 
the  treatment  of  fine  ores  in  this  manner  as  a  metallurgical 
problem.  Be  that  as  it  may,  there  is,  no  doubt,  considerable 
room  for  study  along  these  lines,  especially  as  regards  the 
physical  characteristics  and  the  chemical  composition  of  the 
agglomerated  or  sintered  material,  and  the  eftect  which  the 
use  of  these  materials  has  on  the  efficiency  of  the  furnace. 

Problems  Connected  with  the  Operation  of  an  Iron  Blastfurnace. 一 
Turning  now  to  the  operation  of  the  blastfurnace,  there  are 
still  many  problems  to  be  solved  in  connection  witli  the  opera- 
tion of  the  same,  many  of  which  are  mechanical  as  well  as 
metallurgical.  For  example,  Mr.  James  Gayley  discovered 
and  proved  some  eight  years  ago  that  the  use  of  a  dry  blast  in 
blastfurnace  work  greatly  increased  the  efficiency  of  t  1h- 
furnace.  Although,  so  far  as  the  writer  is  a\v;j re,  it  is  not 
doubted  tliat  the  use  of  the  dry  blast  will  greatly  increase  the 
efficiency  of  a  furnace,  nevertheless  its  use  has  not  become  so 
general  as  was  predicted,  and  this,  I  should  say,  is  due  to  t  lie 
fact  that  the  cost  of  installation  of  the  Gayley  system  is  quite 
heavy.  If  this  be  true ~ namely,  that  the  use  of  the  dry  blast 
does  increase  the  efficiency  of  the  furnace,  but  t hat  it>  ado|> 
tion  has  not  become  general  on  account  of  the  cost  of  installing 
it,  or  for  some  other  reason — then  the  problem  resolves  itself 
into  that  of  being  able  to  accomplish  the  same  results  bv  ，'、im' 
other  means. 

In  addition  to  tlie  problem  of  tlie  use  of  the  drv  blast, 
there  are  many  others,  which  we  will  not  attempt  to  discuss 
fully,  but  which  may  be  stated  as  follows  :  (a)  Production  of 
unifonii  grades,  /./'.，  less  of  ofT-grade  iron.  (h)  Economv  in 
coke,  by  making  coke  that  is  put  into  the  furnace  do  more 
work,  either  in  the  smelting  process  itself,  or  l\v  increasing  tli(、 
efliciency  of  the  hot  blast  stove,  or  by  sojne  other  means. 
Some  interesting  work  has  recently  been  done  along  this  line 
at  a  blastfurnace  in  Belgium.  Not  only  do  they  drv  the 
blast,  but  they  have  also  increased  its  oxygen  content  from 
20*8  per  cent,  to  23  0  ]>er  cent.  The  oxygen  is  obtained  from 
liquid   air.      After  separating  t he  oxy^tMi   t'roni   the  more 

*  (j.  I).  ChaniluTluin,  ••  S'、iiio  nrvi'lo|imt'i»ts  of  tin-  Iron  ami  Stnl  Iinlu?try," 
" Journal  of  ludu^trial  and  Engiuceriiig  Chtuii:?tr》 ，' V.,  Ma'v,  1913. 
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volatile  gases,  the  oxygen  is  finally  compressed  in  holders  and 
used  as  desired.  The  enrichment  of  the  blast  in  this  manner 
is  not  a  new  idea.  J.  E.  Johnson  obtained  patents  on  a 
process  of  this  kind  in  1908，  and  has  since  given  the  matter 
more  or  less  thought,    (c)  A  further  utilisation  of  the  slag. 

As  is  well  known,  iron  blastfurnace  slags  are  now  largely 
used  in  making  Portland  cement.  However 3  there  is  still  a 
e  part  of  it  which  is  put  to  no  better  use  than  ballast  for 
railroads,  or  for  road-making,  for  which  some  other  material 
can  just  as  well  be  used,  and  so  there  is  still  room  for  a 
further  study  of  the  possible  use  of  iron  blastfurnace  slags. 

The  Use  of  the  Electric  Furnace  for  Producing  Iron  from  its  Ores. ― 

As  is  well  known,  the  electric  furnace  was  not  evolved  in  the 
hopes  of  competing  with  the  blastfurnace,  but  of  finding  a 
furnace  and  a  process  which  would  be  able  to  produce  iron  in 
those  localities  where  blastfurnace  practice  was  not  feasible, 
or,  as  in  Sweden,  where  the  cost  of  blastfurnace  fuel  was 
becoming  so  great  as  to  cause  the  existing  blastfurnace  practice 
to  become  prohibitive.  The  idea  of  those  who  first  took  up 
the  work  was  to  construct  a  shaft  similar  to  a  blastfurnace 
shaft,  and  to  then  substitute  electrodes  for  tuyeres.  When 
this  was  tried  out  in  practice  it  was  found  that  the  life  of  the 
furnace  wall  in  the  neighbourhood  of  the  electrodes  was  short- 
lived, and  no  amount  of  water-cooling  served  to  obviate  this 
difficulty,  but  rather  increased  it  if  anything,  due  to  jackets 
burning  out,  &c.  As  was  early  observed  by  Heroult,  the 
proper  way  to  maintain  the  walls  of  an  electric  furnace 
crucible  is  to  get  the  electrodes  as  far  removed  from  the  side 
walls  as  possible,  and  in  the  development  of  the  electric  iron 
reduction  furnace  in  California  and  in  Sweden  it  was  found 
not  only  necessary  to  do  this,  but  also  to  keep  the  charge  as 
far  as  possible  from  the  roof  of  the  crucible,  for  unless  this 
was  done  the  roof  was  short-lived,  due  to  the  intense  local  heat 
which  is  generated  at  the  point  where  the  electrodes  enter  the 
charge.  The  maintenance  of  the  roof  of  the  crucible  was  one 
of  the  most  serious  difficulties  that  had  to  be  overcome,  and  in 
overcoming  this  difficulty  the  present  shape  of  the  roof  of  the 
crucible  and  the  manner  in  which  the  electrodes  are  intro- 
duced into  the  crucible  were  evolved.  As  a  further  protection 
to  the  roof  of  the  crucible  a  part  of  the  gases  escaping  from 
the  top  of  the  shaft  were  returned  to  the  crucible  in  order  to 
cool  the  same,  as  well  as  to  assist  in  the  reduction  of  the 
charge. 

Although  the  Swedish  experimenters  did  not  have  so  much 
to  contend  with  in  this  respect,  in  California  the  difficulty  in 
securing  electrodes  that  would  meet  the  requirements  greatly 
interfered  with,  the  progress  of  the  work .  When  the  latter 
was  begun  in  California  the  manufacturers  of  electrodes  in 
this  country  had  not  previously  been  called  upon  to  furnisli 
electrodes  of  such  large  cross-section,  namely,  about  20in. 
square  and  about  72in.  in  length.  Of  those  first  furnished, 
that  part  of  the  electrode  projecting  into  the  crucible  would 
either  break  off  completely  after  it  became  heated  up,  or  else 
large  chunks  would  spall  off  from  it,  and,  as  can  be  readily 
imagined,  these  broken  pieces  gave  no  end  of  trouble  in 
operating  the  furnace. 

At  the  plant  of  the  Noble  Electric  Steel  Company  it  was 
finally  decided  to  try  graphite  electrodes.  These  worked  very 
satisfactorily  in  all  respects  except  for  the  fact  that  on  account 
of  the  angle  at  which  it  was  necessary  to  insert  them  in  the 
crucible,  due  to  the  manner  in  which  the  furnace  was  con- 
structed, they  were  subjected  to  a  severe  strain  which  caused 
them  to  break  at  the  threaded  joints.  The  electrode  problem 
is,  however,  no  longer  a  serious  matter  ；  20in.  round  electrodes 
are  now  in  use  at  South  Chicago  and  are  giving  satisfaction, 
aud  at  Trollhattan  the  large  carbon  electrodes  of  about  the 
same  size  as  those  used  at  South  Chicago  meet  the  require- 
ments. 

In  an  ordinary  blastfurnace  the  weight  of  the  gases  pro- 
duced exceeds  the  weight  of  the  charge  by  30  to  50  per  cent., 
whereas  in  electric  reduction  furnace  work  the  bases  evolved 
amount  to  only  about  40  per  cent,  by  weight  of  the  charge. 
In  other  words,  in  the  blastfurnace  in  the  production  of  one 
ton  of  iron  there  is  three  to  four  times  as  much  gas  given  off 
as  there  is  in  the  production  of  one  ton  of  iron  in  the  electric 
furnace.  Moreover,  the  temperature  of  the  gas  as  it  leaves 
the  tuyeres  may  be  as  much  as  1,600°  C.，  whereas  the  highest 
temperature  stated  to  have  been  attained  at  the  lower  end 
of  the  stack  in  the  work  at  Trollhattan  is  985°  C.  Even  if 
this  be  granted,  and  that  the  temperature  of  the  gas  as  it 


enters  the  stack  may  have  as  high  a  temperature  as  1,000°  C, 
a-  pointed  out  by  Frick,  "  inasmuch  as  the  weight  of  the  gases 
produced  is  only  35  to  45  per  cent,  of  the  weight  of  the 
charge,  the  charge  would  not  be  heated  to  more  than  about 
350°  C -，  due  to  the  fact  that  the  specific  heat  of  the  gas  and 
that  of  the  charge  are  about  the  same."  Thus  we  see  that  we 
cannot  expect  complete  reduction  in  the  shaft  if  we  depend 
solely  upon  the  heat  from  the  gases  which  are  generated  in 
the  regular  manner.  In  other  words,  the  shaft  acts  merely 
as  a  preheater,  with  possibly  a  small  amount  of  reduction 
taking  place  therein,  but  for  the  most  part  reduction  takes 
place  in  the  crucible  by  means  of  solid  carbon. 

Thus  we  see  that  an  electric  furnace  may  be  operated  in 
one  of  two  ways :  (1)  Reduction  of  the  ore  in  the  crucible  by 
means  of  solid  carbon,  with  no  attempt  at  reduction  in  the 
stack,  as  is  done  in  California  at  the  present  time  by  the 
Noble  Electric  Steel  Company.  (2)  Partial  or  complete  reduc- 
tion in  the  stack,  this  being  the  idea  on  which  the  Swedish 
furnaces  are  operated. 

As  we  all  know,  that  which  may  theoretically  be  best  is 
not  always  so  in  practice.  In  this  instance  we  are  not  able 
to  judge  by  results,  as  we  have  not  enough  accumulated  data 
at  our  disposal,  and  so  can  look  at  the  matter  only  from  a 
theoretical  standpoint.  Theoretically,*  reduction  should  take 
place  in  the  shaft  of  the  electric  irou  reduction  furnace. 
The  problem,  therefore,  that  presents  itself  is  how  best  to 
accomplish  this;  that  is,  to  so  operate  the  furnace  as  to  cause 
the  oxide  of  iron  to  be  reduced  by  the  time  it  reaches  the 
electrodes,  so  that  the  electric  energy  shall  be  called  upon 
to  furnish  only  enough  heat  to  melt  the  sponge  iron,  to 
scorify  the  gangue  materials  and  fluxes,  and  to  furnish  to 
the  products  of  the  furnace  the  heat  necessary  for  their 
separation  and  removal  from  their  furnace. 

Among  other  problems  that  yet  remain  to  be  solved  in 
connection  with  electric  iron  furnace  work  may  be  men- 
tioned ： ― 

(1)  The  Size  of  the  Unit. —— The  electric  reduction  fur- 
naces now  in  operation  vary  in  size,  as  regards  their  horse- 
power, from  1,500  up  to  3,500,  while  the  largest  yet  designed 
by  A.  B.  Elektrometall  (of  Sweden  )is  7,500  kw.  As  can  be 
readily  understood,  it  is  quite  important  that  the  size  of 
the  unit  be  made  as  large  as  possible,  and  the  writer  is  of 
the  opinion  that  no  one  is  prepared  to  say  at  the  present 
time  just  what  that  size  will  ultimately  be. 

(2)  Efficiency  of  the  Furnace. — The  efficiency  of  the  fur- 
nace will  also  be  increased  as  time  goes  on,  and  probably  by 
improvements  along  the  following  lines :  (a)  The  utilisation 
of  the  waste  gases;  (b)  the  securing  of  a  liigh-power  factor  ; 
(c)  the  correction  of  induction  losses  ；  (d)  the  further  study 
of  the  single-phase  furnace  v.  the  3- phase  furnace. 

As  regards  the  latter,  inasmuch  as  practically  all  large 
power  installations  are  3- phase,  it  would  seem  that  the  only 
logical  tiling  to  do  is  to  use  3-phase  current  in  electric  furnace 
work,  but  from  data  submitted  by  Catani 十 it  would  seem 
as  if  the  monophase  furnace  is  more  efficient  than  the  poly- 
phase furnace. 

(3)  The  Use  of  Coke  and  Crude  Oil  as  Reducing  Agents. — 
As  is  well  known,  of  the  coke  charged  into  an  iron  blast- 
furnace only  about  two-thirds  of  the  same  is  used  for  pro- 
ducing the  heat  necessary  for  carrying  on  the  process,  while 
the  other  one-third  is  used  as  a  reducing  agent.  Therefore, 
if  the  electric  furnace  is  used  for  the  smelting  of  iron  ores, 
only  enough  carbon  has  to  be  supplied  to  unite  with  the 
oxygen  of  the  ore  ；  in  other  words,  to  reduce  it.  So  far  only 
coke  and  charcoal  have  been  tried  to  any  extent  as  reducing 
agents  in  the  reduction  of  iron  ores  in  the  electric  furnace,  and 
of  these  only  charcoal  has  proven  satisfactory.  This  has  been 
shown  by  repeated  trial  runs  at  Trollhattan,  and  has  been 
forcibly  demonstrated  by  the  fact  that  the  plant  at  Hardan- 
ger，  Norway,  where  coke  was  used  as  a  reducing  agent,  after 
being  in  operation  for  about  nine  raonths,  was  forced  to  close 
down,  due  to  the  fact  that  nowhere  near  the  same  amount  of 
pig  iron  could  be  produced  per  kilowatt-year  of  electrical 
energy  expended  as  can  be  produced  when  charcoal  is  used. 
That  this  is  true  is  doubtless  due  to  the  fact  that  coke  is  a 

*  A  theoretical  discussion  of  this  subject  is  given  by  the  author  in  a  paper, 
" Reduction  of  Iron  Ores  in  the  Electric  Furnace,"  original  conirrunication  to 
Eiizhtli  Internntional  Congress  of  ApplieH  Chemistry,    Vol.  XXVT.,  p.  519. 

t  "  Trans.  Amer.  Klectrochcm.  Soc,"  Vol.  XV.,  p.  168. 
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much  better  conductor  of  electricity  than  is  charcoal,  cspc 
cially  after  it  becomes  hot.  For  this  reason,  wIkmi  wsin^  coke, 
the  resistance  of  the  charge  becomes  lowered,  and,  as  tlic 
smelting  in  the  electric  iron  l'tithict.ion  furnaco  is  done  by  tlie 
heat  prod  need  by  t  he  rosislance  which  t  ho  electric  currcnl 
meets  with  in  passing  through  the  charge  between  the  elec- 
trodes, more  electrical  energy  is  required  to  jiroducc  the  same 
amount  of  heat.  Likewise,  as  stated  by  (Jrawfonl,*  t  lie 
electrical  conductivity  of  coke  "is  so  good  that  niuch  of  the 
current  passes  between  the  electrodes  in  the  upper  part  of 
the  furnace.  The  smelting  zone  is  thereby  raised,  and  the 
furnace  runs  hot  on  top  with  attendant  melting  of  the  archer 
(of  the  roof  of  the  crucible)  and  cold  at  the  bottom.  Tl"' 
coke,  because  of  its  density  and  high  crushing  strain,  does  not 
break  down  like  charcoal  as  the  burden  descends,  hence  less 
surfaces  of  carbon  are  exposed  to  be  oxidised  by  the  ore,  and 
there  is  a  less  intimate  mixture  of  the  two. 卞  Reduction  (,f 
tlie  ore  takes  place  more  slowly,  the  silicon  in  the  iron  is 
lowered,  the  consumption  j)er  ton  increases,  and  the  effi- 
ciency of  the  furnace  is  reduced." 

Inasmuch  as  either  charcoal  or  coke  is  the  only  practical 
reducing  agent  we  know  of  at  the  present  time ― that  is,  for 
use  on  a  large  scale ― and  as  it  would  seem,  from  what  has 
just  been  stated,  that  it  is  impracticable  to  use  coke,  t hi> 
necessarily  limits  the  electric  iron  reduction  furnace  to  the 
use  of  charcoal.  Aside  from  the  possible  use  of  crude  oil  in 
connection  with  electric-furnace  work,  those  interested  in 
the  subject  have  for  years  been  considering  the  possibility  of 
using  it  as  a  reducing  agent.  So  far  as  we  are  aware,  this  lias 
not  as  yet  been  successfully  done.  Tliat  the  carbon  and  the 
hydrogen  of  the  oil  will  reduce  iron  oxides  is  self-evident, 
but  as  yet  no  one  seems  to  have  been  able  to  solve  the  pro- 
blem as  to  how  to  bring  the  ore  and  the  oil  together  at  the 
proper  temperature.  Perhaps  ultimately  a  suitable  process 
may  be  devised  whereby  the  oil  may  be  used  as  a  reducing 
agent,  and  thus  broaden  the  field  for  the  possible  application 
of  the  electric  furnace  in  the  reduction  of  iron  ores,  for, 
from  what  has  been  stated  above,  it  is  apparent  that  the 
electric  furnace  is  limited  for  such  purposes  at  the  present 
time  to  those  localities  where  cliarcoal  and  electric  power  are 
comparatively  cheap. 

(To  he  continued^) 


CURRENT  METERS  FOR  MEASURING  THE  FLOW  IN 
LARGE  PIPES. 

The  accompanying  sketches,  reproduced  I'roin  "  Engineering 
News,"  show  current  meters  adapted  to  measure  the  flow  in 
large  pipes.  Fig.  1  shows  the  ordinary  current  meter  placed 
in  a  48in.  wood-stave  pipe  to  record  the  daily  discharge.  To 
place  the  meter  the  valve  is  closed,  the  top  lid  is  removed  and 
the  meter  rod  is  inserted  through  the  loose  disc  and  the 
packing  box  in  the  lid.  The  lid  is  bolted  on  with  the  meter 
in  the  upper  2ft.  section  of  pipe.  The  valve  is  then  opeued 
and  the  rod  pushed  down  until  a  mark  on  it  shows  the  position 
of  the  meter  with  respect  to  the  centre  of  the  pipe.  The 
packing  box  is  tightened  to  hold  the  rod  in  place.  The  meter 
is  of  the  ordinary  type  with  the  wires  inside  the  lin.  brass  tube 
or  rod.  The  wires  are  connected  to  batteries  and  a  counter 
and  every  tenth  revolution  of  the  wheel  closes  a  circuit  and 
is  indicated  by  the  counter.  This  apparatus  is  suitable  for 
long  runs  in  certain  waters.  Waters  carrying  salts  in  solution 
.are  apt  to  cause  deposits  on  the  】netei'  and  clog  the  circuit' 
breaker  and  movable  parts.  This  is  owing  to  the  presence  of 
the  batteries  which  set  up  an  electrolytic  action  and 
necessitate  frequent  cleaning. 

A  meter  constructed  similar  to  the  one  shown  by  Fig.  2 
is  the  result  of  considerable  study  to  avoid  this  clogging  of  tlie 
meter  and  to  obtain  a  continuous  record  of  the  pipe  discharge. 
This  meter  is  entirely  mechanical  in  its  operation.  Tlie 
battery  wires  are  replaced  by  a  small  hollow  rod  about  ygin. 
diam,  upon  which  the  meter  wheel  is  hung.  The  rod  extends 
to  a  box  on  the  top  end  of  the  lin.  tube  and  is  hung  with 
ball  bearings  at  both  ends*.    The  box  contains  a  counter  driven 

*  "  Progress  of  Electric  Snit'lt  in^  :it  llt'i'oult',  California."  hy  t\o\u\  Craw  ford, 
" Mftallur^ifal  and  Choniioal  Enninoer."  July,  1913，  p.  386. 

t  This  intimate  mixture  is,  of  course,  vfery  necessary  whore  the  iiilm-tioii 
is  almost  entirely  pt'iformcd  by  solid  carbon,  as  is  the  case  in  tlie  practict-  at 
Hcroult,  California.— The  Author. 


by  the  meter  wheel  and  is  covered  with  hea vy  ^lass  to  with- 
stand the  internal  pressure  of  the  pipe.  As  in  t ho  mi''"*i 
li rst  (l，'、<  ril"'(J，  every  tenth  rovolut ion  is  recorded. 

To  determine  the  relation  between  the  mean  velocity  ot 
tlie  whole  pipe  cross-se<rt  ion  mxl  \  \\f  cent  re  velority  a  mi" 山 
of  experiments  were  conducted  at  the  steel   plant  of  t  lie 
Colorado  Fuel  and   I  i  on  ( 'oiu  p;i n y,  at  Pih»1>Io,  ( 'olo.,  where 
botli  nielers  have  been  in  use  i'or  several  years.    The  pipe  was 

iM-  W/rvi  to  court kt 
1    and  baffenei 


Meter  and  Orcuit  Breaker 


Wood  Stove  Pipe 


'  " Pipe  Bands 

Fig.  1.— Method  of  Using  Cubuknt  Mkteu  in  l',、it"p:  I'm:. 


umJfr  ； I jtproxiniaiely  100ft.  head,  and  it  w;is  iouiul  t  lial  the 
mean  velocity  of  the  whole  pipe  area  was  very  close  to  81  per 
cent,  of  the  centre  velocity.  There  was  very  little  if  any 
difference  in  velocity  at  points  equally  distant  from  the  centre 
of  the  pipe. 

The  meter  last  described  is  suitable  to  record  the  flow  in 
large  pipes.  Once  placed  it  requires  very  little  attent  ion 
unless  the  water  is  dirty,  in  which  case  the  counter  acquires  a 


Q^*^   ■  Heavy  0!ass  CV/P 


Counfer  n  — "W^j ~ 1 


and  :■■ 


~k^^lff -Brass  Box 

Brass  tube...^  \ 
I  "outside,      \  \ 

6*  %Jv  t 


i 


Ball  dear/n^i 

(fife  ― 

、-       -fjr  Current 
Meter 
一  "f/jee/ 


Arrangemerrt' 
of  transmisshn 
to  prevent  bock' 
ward  motion 


Top  of  vtrficol 
rod  to  currtnftiheit' 


Hard  Pbinf  PivoV  ^ 
Fig.  2.— Mechanical  Rkcouding  Dkvice  for  Cuhhknt  Mktkks. 

thiii  layer  of  sediment  upon  it  and  requires  cleaning 
occasionally.  Owing  to  the  fact  that  all  parts  of  the 
mechanism  are  floating,  there  is  no  wear  or  tendency  to  collect 
dirt  at  the  bearings.  In  clear  water  it  should  operate 
indefinitely  and  furnish  a  continuous  record  of  the  pipe  dis- 
charge. The  experiments  were  conducted  and  the  meters 
designed  by  A.  A.  Weiland  and  the  writer  under  K .  M. 
Hosea,  chief  engineer  of  the  Colorado  Fuel  and  Iron 
Company. 

The  Royal  Sanitary  Institute. ― The  —乂 》th  ('nnirrt.'»  oi  tln> 
Institute  is  to  be  held  at  Blackpool  from  July  4th  to  1 1th, 
under  the  presidency  of  the  Right.  Hon.  the  Earl  of  Derby, 
P.C.,  G.C.V.O.,  C.B.  The  Congress  is  arranged  in  sert  ion> 
dealing  with  sanitary  science  and  preventive  medicine, 
engineering  and  architecture,  domestic  hygiene  and  hygiene 
of  infancy  and  childliood,  and  conferences  of  representatives 
of  sanitary  authorities,  port  sanita rv  authorities,  medical 
officers  of  health,  engineers  and  surveyors  to  county  and 
sanitary  authorities,  and  veterinary  inspectors. 
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THE  INFLUENCE  OF  MOLYBDENUM  UPON  THE  CORRODI- 
BILITY  OF  STEEL* 


HY  J.  NEWTON  FRIKNU, 


AND  C.  AV.  MARSHALL. 


In  two  recent  communications  Mr.  Thomas  Swindeuy  lias 
given  the  results  of  a  very  thorough  investigation  of  the 
influence  of  molybdenum  upon  the  physical  properties  of 
steel,  and  it  occurred  to  the  present  authors  that  the  results 
might  be  made  still  more  complete  by  a  careful  investigation 
of  the  influence  of  molybdenum  upon  corrodib;lity.  They 
desire  to  express  their  heartiest  thanks  to  Mr.  Swinden  for 
kindly  providing  them  with  samples  of  his  steels  with  whicli 
they  have  been  able  to  carry  out  the  investigation  detailed 
i"  the  present  paper.  They  also  desire  to  express  their  in- 
debtedness to  Messrs.  Howell  &  Co.,  of  Sheliield,  wlio  kindly 
supplied  them  with  carbon  steels  Nos.  1，  5,  and  9,  to  serve  as 
types.  All  the  steels  were  tool-turned  and  cut  into  cylinders 
1'4  centimetre  in  diameter  and  4'0  centimetres  in  height,  and 
weighed  approximately  40  grammes.  The  surfaces  were 
rendered  perfectly  smooth  with  emery.  The  analyses  of  tlic 
steels  were  as  follows|  ： — 


Steel 

( 'arbon 

Molybde- 

num 
per  Cent. 

Manganese 

Silicon 

l'hos))horus 

No. 

per 

Cent. 

1 H'  1- 

Cent. 

per 

Cent. 

Cent. 

pel-  Cent. 

1 

0- 

14 

0 

0 

0 

339 

0 

157 

0 

036 

trat'i' 

2 

0 

l«t5 

1 

030 

0 

218 

0 

047 

0 

025 

0-OI(i 

3 

0 

24(i 

2 

17(i 

0 

216 

0 

064 

0 

02ii 

0  015 

4 

0 

1!)0 

110 

0 

242 

0 

036 

0 

020 

0-017 

0 

40 

0 

0 

0 

357 

0 

084 

0 

042 

traue 

0 

0 

445 

1 

054 

0 

230 

0 

087 

0 

02fi 

0O14 

0 

442 

2 

1S1 

0 

270 

0 

075 

0 

025 

OUl.-) 

8 

0 

487 

009 

(1 

292 

0 

038 

0 

024 

0(H(i 

9 

1 

0+ 

0 

0 

0 

253 

0 

081 

0 

04!l 

trace 

10 

I 

215 

1 

0!Hi 

0 

250 

124 

0 

032 

0-017 

11 

1 

210 

2 

10!) 

0 

238 

0 

071 

0 

023 

0  015 

12 

1 

0(i0 

4 

Ul" 

0 

230 

0 

039 

0 

020 

0-01(i 

Five  series  of  experiments  were  carried  out,  and  the  results 
are,  for  the  sake  of  easy  comparison,  grouped  together  in  the 
accompanying  table.  In  calculating  the  corrosion  factors  for 
each  series  the  loss  in  weight  of  steel  1  is  taken  as  100. 


meats  the  corroding  liquid  consisted  of  a  solution  of  5*0 
grammes  of  sulplmric  acid  in  J  ，（）。（》  gi'a'mnes  of  water.  The 
liquid  was  frequently  renewed. 

5.  .  I  Iff  rtuffr  ll'rt  (tn<I  iJnj  7V.、7v. —— In  these  experiments 
the  steels  were  laid  upon  a  perforated  disc  of  paraffin  wax 
slisj)eiKled  in  a  metal  l)ath,  which  was  alternately  filled  w i 1 1  i 
water  and  emptied,  as  described  in  a  previous  paper.*  The 
steels  were  thus  exposed  to  alternate  wet  and  drv  action. 

/".、,',/,、、'〃'//  of  flu  U (xul ts. ― An  examination  of  the  table 
makes  clear  the  following  points  ： ― 

1.  IMolvlidriinm  up  to  4  per  cent,  does  not  appear  to  exert 
any  marked  influence  upon  the  corrodibility  of  steel,  when 
exposed  to  tap  water,  salt  solution,  and  dilute  sulphuric  acid. 
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P£R  CBHT  MoLYBDtNUM. 
Fig.  3. 

2.  The  results  of  exposure  to  0'5  per  cent,  sulphuric  acid 
are  almost  identical  with  the  mean  corrosion  factors  obtained 
by  the  exposure  of  the  steels  to  the  other  four  corroding 
agencies  listed  in  the  table.  This  is  interesting,  because  it 
so  frequently  happens  |  that  the  solubility  of  steels  in  tlie 
stronger  solutions  of  sulphuric  acid  gives  entirely  unique 
results,  which  are  quite  untrustwortliy  guides  as  to  the 
behaviour  of  the  met  a  J  towards  neutral  corroding  agencies. 

3.  The  greatest  variation  in  the  corrosive  factors  is  ex- 
hibited in  the  wet  and  dry  tests,  the  resistance  of  the  steels 


T/t  c  Corrof/ibilifirs  of  Mohjhd e)t  inn  Steels. 


Tap  Water 

Salt,  Water 

Wet  and  Dry 

0"05  per  cent.  Acid 

0*5  per  ce 

nt.  Acid 

Steel 

Carbon 

Molyb- 
denum 
per  cent. 

(J6  weeks). 

(42  weeks). 

(14  weeks). 

(17  weeks). 

Mean 
Corrosion 
Factor. 

( 10  weeks). 

No. 

per  cent. 

Loss  in 

Corrosion 

Loss  in 

Corrosion 

Loss  in 

Corrosion 

Loss  in 

Corrosion 

Loss  in 

Corrosion 

Weight. 

Factor. 

Weight. 

' Factor. 

Weight. 

Factor . 

Weight. 

Factor. 

Weight. 

Factor. 

1* 

014 

0-0 

0-(5478 

100 

0-6493 

100 

0- 0267 

J  00 

0-5!)0(i 

100 

100-0 

2-8781 

100 

2 

0-  195 

1-030 

0-0184 

95 

0-5252 

81 

0  (5500 

104 

0-5888 

100 

95-0 

2-7900 

97 

a 

0-246 

2-17(1 

0-6598 

102 

0-()494 

嶋 

0-7908 

127 

0-5314 

90 

105-0 

2-8900 

100 

4 

0-l!)(l 

4-110 

O(i540 

KM 

0-(if)84 

103 

0-8234 

1：!! 

0-5834 

！") 

108-5 

2-9872 

104 

5* 

0-40 

00 

0-<)470 

10(> 

0-7292 

112 

0-3732 

59 

0-0182 

105 

94-0 

2-!"i77 

103 

(i 

0-445 

1054 

()-()200 

90 

0-1)846 

105 

0-7090 

113 

0-5600 

97 

103-0 

2-<)8(i8 

104 

7 

0-442 

2-  LSI 

()t>398 

99 

0-(il(i2 

！) -t 

0!l77(i 

15(> 

0-5588 

95 

111-0 

2-972(3 

103 

8 

0-487 

4-001J 

()■  Ii840 

100 

()()436 

！ M) 

0-1)030 

144 

0-5040 

85 

y 

3  0736 

107 

！ »* 

1-04 

()■() 

0()<il(i 

102 

0- 7(i60 

118 

0-2756 

44 

0-I.312 

107 

！"' 0 

31117 

108 

10 

1-215 

l-0i)<i 

0-(i«28 

102 

0-TOIii 

IDS 

0-7224 

115 

0- (Kill 

102 

107-0 

3- 1557 

110 

11 

1-210 

2-  I0!» 

(J.  "790 

105 

0(i8l2 

105 

0-7!)00 

128 

(»C04C 

102 

1100 

3-32!»4 

116 

12 

1-000 

4- 01!) 

0-0862 

lOli 

0-()272 

97 

()i»486 

151 

0(1046 

102 

114-0 

o 

5*5 

109 

' The  results  in  these  horizontal  rows  are  the  mean  of         suLs  ul'  c\i)critnrnU. 


1.  Tft p  \\'af<  r  T<  sfs. ― The  samples  of  steel,  resting  on 
discs  of  paraffin  wax,  were  placed  in  beakers  containing  300 
cubic  centimetres  of  tap  water,  and  shielded  from  light.  After 
46  weeks  the  steels  were  removed,  scraped  free  from  rust,  and 
dried  in  a  steam  oven.  They  were  then  weighed,  the  loss  in 
weight  being  taken  as  a  measure  of  the  corrosion. 

2.  Sal t  Wfittr  Tests, ― These  experiments  were  carried  out 
in  an  exactly  similar  manner  to  the  tap  water  ones,  the  liquid 
corrosive  medium  being  3  per  cent,  salt  solution. 

3.  Sul plmric  A  rid  Tt  sfs  (0*05  per  fv/〃.).——In  these  experi- 
ments the  corroding  liquid  consisted  of  n  solution  of  0'5 
gramme  of  sulphuric  acid  in  1,000  grammes  of  water.  The 
liquid  was  frequently  renewed. 

4.  Sui  jihitrir  .  I  rid  Tests  (0'5  〃,' /■  rt  nf.). ― In  these  experi- 

*  Paper  i*ead  before  the  Iron  and  St<-cl  Institute,  May,  1914. 
t  ••  (Jarno^ie  Scholarship  Menioirs,"  ]9】1，  Vol.  III.,  ]».  66  ；  3913,  Vol.  V.  p.  100. 
t  With  the  exe'eubion  of  the  carbou  steels  Nos.  1,  5,  and  9,  the  analyses  are 
those  given  by  Mr.  Swinden,  he'  cil. 


greatly  increasing  with  the  percentage  of  carbon  (>r c  steels  1， 
5,  and  9).  J  The  molybdemun,  on  tlio  oilier  hancl,  tends  to 
increase  the  corrosion  very  markedly.  The  points  are  clearly 
brought  out  by  the  curves  in  Fig.  1.  It  is  difficult  to  say 
what  conclusions  we  are  to  arrive  at  from  this,  but  if,  as  the 
writers  believe,  the  wet  and  dry  tests  correspond  most  closely 
to  the  conditions  under  whicli  steel  ordinarily  corrodes  in 
practice,  it  is  clear  that,  from  the  corrosion  point  of  view, 
molybdenum  is  an  undesirable  constituent  of  steel  if  present 
to  a  greater  extent  than  1  per  cent. 

These  conflicting  results  emphasize  still  more  foroiblv  the 
' ' necessity  of  determining  the  corrosion  of  iron  and  steel 
under  conditions  closely  similar  to  those  whicli  the  metal  will 
be  subjected  to  in  practice. ，，§ 

*  ••  lourn al  of  the  Iron  and  Sfccrl  Institute, "  191?.  No.  I.  p.  253. 
t  '•  Journal  of  fclie  Iron  and  Steel  Institute,"  1913,  No.  I.  p.  397. 
i  Contrast  the  results  of  Chappell,  ibid  1912,  No.  I.  p.  270. 
§  "  Journal  of  tbc  Iron  aud  Steel  Institute,"  191'2,  No.  I.  p.  258. 
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ANNEALED  CASTINGS  FOR  TEXTILE  MACHINE  SPINDLES.* 

II Y  UOIIKItT  1IUC  IIANAN. 

(1ki;tain  (iifiicult ies  which  sonic  ol'  my  t rieiuJs  have  liad 
recently  with  these  castings  provide  the  reason  wliicli  ur^os 
me  to  put  before  you  some  matters  for  your  considcral  ion. 
Some  years  ago  I  discussed  t  lie  principal  points  wit  li  nil''  of 
our.  moml)ei's.  lie  did  not,  altogether  agree  wiili  my  ((川 
elusions,  hut  whether  he  does  now  agree  with  me  or  not  is 
not  of  the  first  importance  to  eit  her  of  us.  W'hai  is  of 
importance  is  to  find  a  solution  lor  ;i  t I'ouhle  of  wliicli  I  shall 
speak  later.  I  am  here  giving  my  own  ido;is  and  experience, 
and  I  shall  welcome  criticism  which  will  extend  ()ur  know- 
letlge  of  t  his  suhjeci  and  thus  help  to  obviate  a  clilficuliy 
often  met  with  by  makers  and  users  of  these  castings.  In 
view  of  tlie  enormous  textile  iiiacliine  indust  ry,  pi-incipally 
(•(Mil  red  in  Lancasliire  and  Yorkshire,  but  witli  out  lying  points 
in  Ireland  and  Scotland,  no  apology  lor  int  rod uci t  lie 
subject  is  necessary. 

The  cast  iron  used  in  spindle  making  is  always  annealed, 
and  is  known  under  the  generic  name  of  "  black  iron."  rrha( 
cast  from  part  hematite,  or  from  irons  with  about  1  per  cent  - 
|)lios])horuw,  exhibits  a  fine  velvety  fracture  after  proper 
annealing.  In  such  a  case  there  is  practically  no  comhinetl 
carbon  present,  ； ill  tlie  carbon  being  in  the  form  of  graphit r 
and  annealing  carbon.  1 1  is  this  complete  separat  ion  of  the 
carbon  which  principally  gives  1  lie  iron  its  vol  vet  y  appenranct' 
when  broken.  One  firm  wliich  produces  these  castings  states 
that  they  may  ho  inachiiied  at  600ft..  speed  per  minute.  In  a 
good  sample  of  this  kind  I  have  cut  off  a  small  paring  with 
an  ordinary  pocket  knife.  I  am  aware  that  some  makers  use 
annealed  castings  made  from  their  ordinary  mixtures.  These 
are  not  so  dead-yoft  as  the  true  "black"  iron,  and  do  not 
machine  so  easily  and  quickly,  but  they  have  undoubtedly 
more  wear  in  them  ；  that  is,  t hev  have  a  longer  working  life. 
Naturally,  firms  who  are  spindle-makers  only  are  more  con- 
cerned about  the  speed  of  product  ion  t  han  atiout  the  after 
life  of  the  spindle.  I  have,  however,  heard  complaint  made 
that  the  spindles  can  be  too  soft  from  the  users'  point  of 
view.  An  iron  suited  for  these  castings  and  combining  the 
best  average  qua  lit  ies  tor  ra[>id  proclurtion  and  long  life  in 
work  will  approximate  to  the  following  analysis :- ~ 

Per  cent. 

Silicon    not  exceeding  2 

Phosphorus    not  exceeding  1 

Manganese    0*85  to  1 

Sulphur    0'80 

Total  carbon    as  high  as  possible. 

As  I  have  already  said,  the  annealing  is  for  the  purpose 
of  changing  into  the  form  of  "  annealing  ，'  carbon  all  the 
combined  carbon  present  in  the  casting  as  originally  cast. 
One  could  proba))lv  do  that  without  annealing,  by  the  use 
of  high-silicon  iron,  say,  3*25  to  3'5  per  cent.,  but  such  an 
iron  would  be  deficient  in  total  carbon.  Partly  from  this 
cause,  and  partly  from  the  fact  that  such  a  percentage  of 
silicon  would  itself  conduce  to  a  harder  product,  the  result  in^ 
iron,  even  when  annealed,  would  not  be  so  soft  as  one  wherein 
the  silicon  was  at  tlie  normal  amount  of  2  per  cent.  In  short, 
the  silicon  should  be  present  only  t'o  such  an  amount  as  will 
make  certain  the  castings  will  be  grey  when  cast. 

The  percentages  of  phosphorus,  mangauese,  and  sul]>liur 
given  above  are  practically  neutral,  but  with  a  tendency  to 
increase  the  wear  of  the  metal.  Of  the  moulding  of  the 
castings  little  need  be  said.  They  present  no  difficulty 
unless  it  be  in  the  case  of  "  long  collars/'  and  even  in  this 
case  it  is  long  cores  of  small  diameter  wliicli  present  the 
difficulty.  It  will  be  in  the  recollection  of  the  memlxTs  that 
when  we  visited  the  works  of  Messrs.  Tweedale  &  Smallev, 
Ltd.,  Castleton,  near  Manchester,  some  few  years  ago  \vc 
there  saw  in  use  a  core-making  machine  successfully  protlucing 
these  cores.  I  was  particularly  interested  in  this  machine,  as 
I  had  recently  failed  to  have  similar  cores  Tiiade  sm'rt'sst'ullv, 
in  ordinary  core  boxes.  We  also  tried  making  these  cores  by 
means  of  a  "  Wadsworth  "  core-making  machine.  The  ('ores 
were  made  fairly  well,  but  as  our  conditions  did  not  allow  us 
to  cast  the  boxes  on  end,  the  cores  lifted  in  tlie  middle  owing 
to  there  being  no  core  rod  in  t horn .      Tn  i lie  (uiislied  spiiullo 

*  Paper  read  beforr  the  an  nual  couvciitiou  of  the  British  Foundry  men's 
Association,  l^'icoster.  May,  1911. 


i  licrc  must  l>e  absolute  lml;m'  ''，  ； m'l  tor  this  1  licv  arc  r;n  rt'ull  v 
tested  before  being  |>assc(|  ；  so  a  1  hick  and  t  liin  side  on  an  v 
cast  in^'  at   once  coiulenins  il  .       I    have  I, (屮 ii   iiifm  mf'l  t 
t  here  are  always  plenty  of  orders  for  anyone  who  can  ta<-kle 
'•long  col  lars  '  successfullv. 

The  annealing  cans  into  which  the  castings  ； m'  |,;irk"l， 
are  best  cast  of  white  lieniat  it  e  or  ot  her  met  al  wit  Ii  a  hi^h 
melting  point.  In  tlie  "  Hlark  Count  rv  t  licsf*  have  ； il，o 
usually  a  Inv^e  proport  ion  of  waste  ""'Ileal 山1  cast  in^s  mH"''l 
along  wit h  t lie  hetnaiite.  These  cans  retain  t heir  shap**,  well, 
considering  the  service  they  do,  and  are  still  white 
hrokcMi  up  at  the  end  of  their  service.  Sometimes  a  rcuii'l 
can  may  l)e  beaten  oval  before  ii  \vi]l  l)r("ik.  When  hein^ 
made  they  are  cast  in  open-top  moulds  made  in  sharp  sand. 

Wlien  castings  are  long  the  can  is  heightened  by  means  of 
a  ring  or  bottomless  can  of  similar  material  being  placed  on 
top  of  a  can  having  a  bottom.  In  some  places  the  cans  have 
no  bottom  cast  on,  but  use  loose  bottom  plates  which  rest  on 
a  riiiij  cast  inside  the  can.  By  this  means  any  height  of  can 
may  he  built  up,  and  by  putting  the  top  can  with  an  internal 
ring  at  top,  one  of  the  loose  plates  can  be  used  as  a  cover, 
and  so  luted  on  with  fireclay.  The  annealing  cans  are  of 
varied  shape;  some  firms  liave  them  round,  otliers  rectangular, 
a in  one  case  I  have  seen  they  are  oval. 

When  the  cans  are  large,  snugs  or  swivels  are  used  by 
which  the  cans  are  withdrawn  from  the  annealing  oven  l>v 
means  of  "  tongs  "  10ft.  or  12ft.  long,  mounted  on  a  pair  of 
wheels.  The  tongs  swivel  on  the  axle  on  wliicli  the  wheels 
are  placed .  When  annealing  ovens  are  continuous  in  action, 
these  tongs  are  necessary  for  the  withdrawal  of  the  cans. 
The  tongs  are  run  up  1()  the  oven,  the  ends  put  under  the 
snugs  or  swivels  on  each  side  of  the  can,  and  so  the  can  is 
willid rawn .  On  oval  cans  there  are  two  swivels  on  each  side, 
each  being  similar  to  those  on  a  moulding  box.  This  allows 
the  can  to  be  balanced  during  withdrawal.  The  cans  suim''- 
tiities  liave  lids  which  are  luted  on  wit  li  fireclay,  in  ot  licr 
cases  they  are  left  open-topped.  In  tlie  case  of  non-continuous 
annealing  ovens,  these  are  entered  when  they  have  cooled 
down  sufficiently,  and  the  cans  and  their  contents  carried 
out  by  hand. 

Various  packing  materials  are  in  use.  Small  gas  coke 
which  has  passed  through  a  quarter-incli  riddle  is  one. 
Others  use  cast-iron  borings.  In  one  case  I  to  unci  a  mixtiuc 
of  cast-iron  turnings  aud  red  hematite  ore  was  being  used. 
This  was  a  wrong  material.  It  was  thought  that  because  red 
hematite  ore  was  being  used  when  annealin*;  inalleable-iron 
castings,  therefore  it  was  a  suitable  material  in  which  io 
anneal  these  castings  ；  but  the  fact  was  overlooked  that  wit  h 
the  castings  now  being  considered  retention  and  not  lessening 
of  the  carbon  was  desired.  The  sole  object  in  packing  the 
castings  is  that  they  may  not  twist  or  warp  during  the  anneal. 
Long  castings  should  be  placed  vertically  in  the  cans.  W1i''ii 
used  as  a  packing  material,  small  coke  "  sags  ''  under  heat 
more  than  do  cast-iron  turnings  or  borings.  This  induces 
warping  of  the  castings,  especially  if  the  oven  has  been 
over-heated. 

Annealing  ovens  may  be  divided  into  non-continuous  aini 
continuous.  In  the  non-continuous  oven  the  cans  are  allowed 
to  oool  down  in  the  oven.  This  is  the  ideal  way  to  get  clead- 
soft  castings.  These  ovens  may  be,  and  usually  are,  in  a 
battery  of  five  or  six,  connected  by  individual  flues  to  one 
central  chimney  stack.  The  ovens  are  known  as  "  \\ 
ovens,"  or  "  40-can  ovens,''  according  to  ca])acity.  The  fire- 
grates are  on  each  side  of  the  oven,  are  sunk  about  4in.  below 
the  floor  level,  are  12in.  wide,  and  extend  the  wliole  length 
of  the  oven.  That'  is,  the  fire-grate  is  about  9ft.  long  l)v  1  ft . 
wide.  Before  the  cans  are  put  into  the  oven  luni])  coal  is 
piled  about  4ft.  high  over  each  fire-grate.  This  is  all  the 
used  ；  there  is  no  si 山 sequent  firing.  The  fire  doors  are  used 
only  to  start  the  fire  and  to  remove  clinker,  &c,  after  the 
oven  has  cooled  down.  When  the  two  walls  of  coal  have  been 
built  the  cans  are  placed  in  position.  As  this  is  done  by 
hand,  the  highest  point  of  the  roof  inside  does  not  exceed 
6ft.  6in.  to  7ft. 

The  cans,  which  are  ready  packed  with  cast in^s  emliedded 
in  coke  dust  of  cast-iron  borings,  are  placed  along  the  sides 
next  the  coal,  and  at  the  end  furthest  f roni  the  entrance. 
This  is  continued  uiitil  \  lio  oven  holds  as  inanv  cans  as  it  will 
contain.  The  opeiiiiig  is  now  brirkecl  up  loosely,  and  cIuuIumI 
witli  loam  or  imid.    About  9in.  above  tlie  lloor  level  a  brick 
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is  left  sticking  out  so  that  it  may  be  readily  removed  when  the 
•'  soaking  begins.  In  about  12  hours  from  being  lit  up,  the 
coal  on  each  side  of  the  oven  is  a  glowing  mass,  and  all  visible 
smoke  has  gone.  The  interior  of  the  oven  is  now  a  bright 
red,  but  the  heat  has  not  yet  penetrated  to  the  centre  of  the 
bottom  cans.  The  "  soak  "  is  accomplished  by  withdrawing 
the  brick  which  was  left  sticking  out  when  the  opening  was 
built  up,  and  closing  the  damper  in  the  flue  which  leads  to 
the  central  chimney  stack.  After  "  soaking  "  for  10  or  12 
hours,  the  brick  is  replaced  and  the  whole  oven  allowed 
to  cool  down.  In  48  hours  or  so  after  the  coal  is 
lit  the  bricks  closing  the  entrance  to  the  oven  are  taken  down, 
and  the  cans  are  withdrawn  and  emptied. 

There  is  no  definite  type  of  continuous  annealing  oven. 
They  have  this  in  common  that  only  one  row  of  cans  is 
annealed  at  one  time.  The  fire  is  at  one  side  only  in  most 
cases,  and  the  flames  enter  the  oven  through  holes  or  ports  in 
the  wall,  and  leave  the  oven  by  similar  ports  in  the  opposite 
wall.  Sometimes  the  flames  are  led  to  the  flues  through  holes 
in  the  floor  of  the  oven.  The  length  of  time  the  cans  are 
kept  in  the  oven  depends  upon  the  size  of  can  used.  When 
the  cans  are  considered  to  have  been  thoroughly  heated 
through,  the  brick-lined  door  (or  doors)  is  opened,  the  cans 
withdrawn,  and  others  placed  in  the  oven. 

It  is  obvious  that  cans  which  are  allowed  to  cool  in  the 
open  do  not  get  so  good  a  chance  of  producing  soft  castings 
as  do  those  which  oool  within  the  oven.  Neither  do  they  have 
the  important  advantage  of  the  thorough  "  soak  "  possible  in 
the  non-continuous  type  of  oven. 

The  object  of  the  annealing  is  obviously  to  change  the 
combined  carbon  into  the  form  of  annealing  carbon,  and 
thereby  make  the  casting  still  softer  than  it  was  originally. 
It  will  be  admitted,  I  think,  that  with  a  normal  amount  of 
silicon,  say,  2  to  2^  per  cent.,  there  is  certain  to  be  an  appre- 
ciable amount  of  combined  carbon  in  the  castings.  The 
smaller  or  thinner  the  castings  are  so  will  the  amount  of 
combined  carbon  be  increased.  The  annealing  is  required  to 
decompose  this  compound  of  iron  and  carbon  into  iron  plus 
free  carbon.  That  is  what  takes  place  when  the  annealing 
is  perfect. 

I  now  come  to  a  consideration  of  the  matter  which  has 
caused  this  paper  to  be  written  and  submitted  to  you. 
Occasionally  it  is  found  that  during  the  course  of  the 
annealing  the  castings  have  acquired  an  exceedingly  hard, 
white  skin  which  no  tool  will  touch .  The  interior  of  the 
casting  is  quite  soft,  but  that  is  of  no  use  if  one  cannot  get 
through  the  hard  outer  skin.  That  this  is  not  a  small  matter 
is  evidenced  by  the  fact  that  I  have  seen  a  30-ton  heap  of  such 
castings,  none  of  which  could  be  machined.  It  is  also  within 
my  knowledge  that  this  hard  skin  causes  serious  loss  to  several 
producers  of  these  castings  at  the  present  time. 

As  the  outside  of  the  castings  could  be  readily  filed  before 
the  anneal,  and  could  not  possibly  be  filed  after  the  anneal, 
it  was  obvious  that  the  hard  skin  was  acquired  during  the 
annealing.  It  has  been  suggested  to  me  that  this  hard  skin 
may  be  due  to  oxidation,  but  there  cannot  be  oxidation  of 
a  casting  perfectly  covered  with  coke.  If  the  coke  sags 
sufficiently  to  expose  the  casting  to  the  flame  and  gases  of 
the  oven ,  the  casting  becomes  oxidised,  but  the  oxide  is  red. 
Neither  am  I  aware  of  any  oxide  of  a  metal  which  is  harder 
than  the  metal  itself.  Neither  have  I  met  as  yet  a  white 
oxide  of  iron. 

A  consideration  of  the  whole  circumstances  brought  me  to 
the  conclusion  that  the  hard  skin  was  brought  into  being  by 
the  agency  of  sulphur  present  in  the  packing  material.  This 
was  confirmed  by  analysis  of  the  small  gas  coke  which  was 
being  used  for  this  purpose.  The  sulphur  contents  approxi- 
mated 2h  per  cent.  This  sulphur  was  undoubtedly  in  greater 
quantity  than  what  was  originally  present  in  the  coke.  The 
increased  sulphur  was  obtained  from  the  flames  which  fill  the 
oven.  It  is  well  known  that  iron  and  steel  take  up  sulphur 
from  sulphurous  flames  and  gases.  Thus,  whether  cans  are 
covered  with  lids  or  not,  sulphur  can  be  passed  into  the  charge 
inside.  The  fact  that  the  cans,  whit©  iron  originally,  remain 
white  after  many  times  annealing,  shows  that  a  cause  is  con- 
stantly operative  to  keep  them  white.  It  has  not  come 
within  my  observation  whether  cans  which  are  originally  grey 
iron  become  white  under  annealing  conditions. 

The  deduction  that  sulphur  was  the  cause  of  the  trouble 
was  proved  to  be  correct  by  the  hard  skin  not  appearing 
when  the  packing  material  was  changed  oftener.    It  did  not 


get  the  opportunity  to  become  surcharged  with  sulphur.  An 
additional  precaution  was  to  cover  the  top  of  the  caii  with 
lime.  This  was  used  as  an  absorbent  for  sulphur,  and  no 
doubt  helped  to  take  it  up  and  hold  it.  The  lime,  however, 
was  rather  an  irritant  to  the  men  when  packing  and  emptying 
(•:ms.  My  own  experience  is  greater  with  coke  packings  tlian 
with  cast-iron  borings,  but  t  rom  what  I  have  seen  of  both 
kinds,  the  white,  hard,  unmachineable  skin  is  thicker  with 
coke  packing  than  it  is  with  cast-iron  borings. 

The  conclusions  to  be  drawn  are  these :  (1)  Non- 
continuous  annealing  ovens  produce  softer  castings  than  do 
continuous  ovens.  (2)  The  hard  skin  which  occasionally 
appears  on  the  castings  is  due  to  the  influence  of  excessive 
sulphur  contained  in  the  packing  material.  Also  the  sulphur 
originally  present  in  the  packing  material  is  augmented 
during  each  subsequent  heating,  and  this  additional  sulphur 
comes  from  the  fuel  used  in  firing.  (3)  Coke  dust  contains 
from  five  to  ten  times  the  quantity  of  sulphur  contained  in 
cast -iron  borings,  and  thus  gets  more  quickly  to  the  point  at 
which  it  parts  with  sulphur  to  the  castings.  (4)  If  coke  dust 
is  used,  an  addition  of  lime  retards  the  effect  of  the  sulphur. 
(5)  Coke  dust  "  sags  "  during  annealing  more  than  cast-iron 
borings  do,  and  with  it  warped  castings  are  more  common, 
especially  if  there  has  been  overheating  of  the  oven.  (6)  The 
packings  should  be  changed  often  so  that  the  sulphur  may  not 
reach  the  saturation  point  where  it  passes  the  sulphur  into 
the  castings. 


THE  PRESENT  STATE  OF  THE  ELECTRICAL  INDUSTRIES 
IN  JAPAN.* 

BY  PROF.  SHUNKICHI  KIMURA,  PH.D. 

The  protective  policy  and  the  encouragement  of  home  indus- 
tries now  in  vogue  in  Japan  for  averting  the  disastrous  trend 
of  financial  conditions  as  well  as  for  improving  the  national 
standard  of  wealth,  have  created  a  disturbance  in  the  system 
of  industrial  commerce  which  has  developed  during  the  last 
30  years.  But  at  the  same  time  a  new  and  interesting  field 
has  been  opened  up  for  those  who  will  accommodate  them- 
selves to  the  changed  conditions  or  for  those  who  keep  a  smart 
look-out  for  new  opportunities.  On  our  side  we  ought  not 
to  aim  at  independence  f rom  the  industries  of  the  West, 
which  might  lead  to  our  isolation  ；  on  the  contrary,  the  rela- 
tions between  the  industries  in  this  country  and  those  in  the 
West  should  be  made  much  closer  than  ever.  Nor  should  our 
object  be  the  exclusion  of  foreign  arts  and  inventions,  which 
will  certainly  lead  us  to  sterility  ；  on  the  contrary,  importation 
and  exportation  must  be  mutual  and  must  be  encouraged  to 
an  ever-increasing  extent.  Home  industry  in  Japan  is  pro- 
gressing, no  doubt,  but  much  more  slowly  than  in  Europe  or 
America,  and  in  the  case  of  electrical  industries  Japan  is 
from  10  to  15  years  behind  other  countries  in  the  West. 

In  the  domain  of  electrical  industries,  water-power  plants 
throughout  the  country  are  numerous  and  widely  distributed  : 
those  mountain  streams  with  shallow  basins,  long  regarded 
as  the  cause  of  all  kinds  of  troubles,  are  now  being  rapidly 
turned  into  sources  of  electric  power.  According  to  the  most 
reliable  report,  those  water-power  plants  alone  which  can  be 
most  easily  and  economically  turned  to  electric  power  amount 
in  the  aggregate  to  about  10,000,000  h.p.  ；  of  this  only 
300,000  have  already  been  utilised  for  the  public, 
while  one-half  of  it  is  in  actual  operation,  and  that  mostly 
for  lighting  and  power  in  cities  and  towns.  Such  sources  of 
power  will  mean  a  great  deal  in  future,  when  they  are  econo- 
mically employed  on  the  spot,  not  with  the  object  of  selling  the 
electricity,  but  in  manufacturing  commercial  products  with  the 
energy,  which  may  be  used  as  transmissible  motive  power  or 
can  easily  be  transformed  into  intense  heat  or  a  powerful 
electrolytic  agent. 

Changes  in  the  order  of  tilings  are  perplexing,  not  only  to 
the  foreign  merchants  and  native  contractors,  but  also  to 
home  industries  themselves.  To  return  to  electrical  indus- 
tries, ordinary  types  of  motors,  generators,  and  transformers 
are  now  made  here  of  creditable  quality,  but  iron  and  steel 
of  special  descriptions  are  imported  every  year  to  a  great 
amount.  Patent  rights  and  manufacturing  processes  may  be 
acquired  from  abroad,  but  without  the  help  of  trained  foreign 
engineers,  at  least  during  the  trial  stage,  it  will  be  difficult 

*  From  the  Journal  of  the  Koyal  Society  of  Arts. 
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to  turn  out  articles  of  high-class  (juality.  Investigations  arc 
being  made,  no  doubt,  to  a  certain  extent,  1""  the  progress  is 
slow  and  the  results  doubt  f  ul,  as  ('x|""is('s  tor  rcscarcli  work 
are  generally  too  heavy  to  be  borne  ；  in  the  meant  imc,  i'oi'ci^n 
countries  will  make  great  progress,  and  even  when  the  re- 
searches lead  to  success  the  market  here  is  very  small  and  the 
means  for  international  business  extremely  limited.  A  ppJt 
rently  t  ho-e  is  a  great  l〕oom  in  e!ect  j-ic;i  1  indusl  rics  in  rJapan, 
yet,  if  we  deduct  the  imported  articles,  only  a  little  will 
remain  as  genuine  product'  oi'  lmii"'  iiulust  ry.  One  Ilea  rs 
from  contractors  that  all  kinds  of  inacliines,  boili  mechanical 
and  electrical,  are  still  imported  ilirotigh  their  luunls,  wif  luml, 
any  change,  for  places  where  reliable  machines  are  in  dcinaiul. 
These  contractors  are  generally  large  firms,  having  loii^r  vx\iv 
rience  and  trained  hands.  The  so-called  importers,  wlmsr 
business  is  conducted  by  foreigners  with  low-grade  native 
employes,  and  without  res])ectal)lc  J  a  panose  associates,  see  in 
to  have  felt  the  effects  of  tlie  change. 

The  study  of  all  systems,  both  those  which  are  obsolete 
and  those  which  are  still  flourisliiug,  must  enricli  one's  expe- 
rience and  judgment,  and  enable  one  to  meet  the  changed 
conditions.  Joint  capital,  joint  management,  exploitation  of 
patents  and  manufacturing  processes ― these  are,  generally 
speaking,  worthy  of  recommendation.  Of  the  present  system 
of  industry,  as  regards  either  sale  or  management  on  a  scale 
fit  for  cheap  production  and  a  wide  market,  Japanese  men  of 
business  have  as  yet  had  only  short  experience.  Those  indus- 
tries which  are  now  flourishing  do  not  belong  to  the  class  of 
pioneer  industries,  and  the  channels  of  business  have  been 
prepared  by  the  so-called  importers.  It  will  be  clear  t  hat 
the  co-operation  of  foreigners  trained  in  international  busi- 
ness is  desirable,  while  for  the  manufacture  of  articles,  com- 
plicated as  regards  process,  delicate  in  fixing,  or  precise  in 
measurement,  the  co-operation  of  trained  foreign  hands  will 
be  imperative.  But  on  the  side  of  management,  dealing  witli 
customers,  understanding  public  taste,  and  the  proper  ways 
of  speaking  and  writing,  or  in  selecting  the  right  person  to 
communicate  with ― in  short,  in  all  that  cannot  be  reached  by 
reasoning  and  calculations  alone ― the  co-operation  of  Japa- 
nese managers  will  be  desirable.  Further,  the  protective 
policy  of  the  Government  and  its  general  encouragement  of 
home  industries  will  be  met  by  joint  capitalisation.  The  days 
of  monopolising  interests  are  now  gone  for  ever,  and  tlie  day 
has  come  for  mutual  interest  with  joint  responsibility,  the 
rights  of  both  parties  being  justly  considered  and  clearly 
defined.  There  are  already  instances  of  such  joint  capital 
and  joint  management,  some  of  which  are  apparently  failing, 
while  others  are  likely  to  succeed.  If  we  look  closely  into 
these  cases,  however,  it'  will  not  be  difficult  to  find  out  ample 
reasons  for  these  failures  and  successes.  Botli  kinds  art* 
equally  full  of  lessons  for  those  who  would  avail  themselves 
of  the  opportunities  now  offered  by  the  changed  conditions. 
Such  a  change  is  ever  to  be  welcomed,  and  here  lies  a  chance 
for  new  men  in  the  field. 

To  me  it  seems  that  foreign  firms  and  inventors  are  too 
neglectful  of  securing  their  patent  rights  in  Japan.  All  the 
details  of  their  inventions,  so  far  as  they  are  expounded  in 
the  technical  papers  in  their  own  lands,  are  of  course  open 
to  public  scrutiny  here,  and  the  socalled  inventors  here  may 
resort  to  these  papers  and  utilise  them  for  their  own  benefit. 
In  granting  patent  rights  in  this  country,  oHicials  do  not 
search  through  foreign  patent  records  ；  it  is  advisable,  there- 
fore, that  the  real  inventors  or  the  lawful  possessors  of  patent 
rights  should  pay  more  attention  to  this  matter.  The  best 
thing  to  be  done  would  be  to  secure  their  patent  rights  here, 
and  to  look  at  once  for  their  exploitation,  either  in  the  form 
of  co-operative  working,  or  of  selling  the  right,  or  else  on 
the  basis  of  royalties.  It  is  to  be  remarked,  however,  that 
the  market  here,  being  national  and  not  international,  is, 
of  course,  too  small  for  large  industries  ；  and  the  most  \nn 
fi table  inventions  will  be  those  dealing  with  the  commonest 
kinds  of  articles,  widely  used  in  industry  or  hv  tlie  public,  or 
else  such  as  will  replace  others  which  have  already  created  a 
good  market  in  this  country. 

In  the  exploitation  of  inventions  and  maiiufat'turiny  pro 
cesses  there  is  oue  thing  which  might  with  benefit  be  resorted 
to.    This  is  the  publication  in  industrial  or  trade  journals, 


ill  the  Ja]>anese  lan^ua^e,  of  the  ^eiifral  nature  of  tlie  in  .en 
tion,  or  the  i)i;uml';u-(.uriii^  facilities,  of  the  prop' i  t  i«'、  ot 
articles  made,  of  places  in  whicli  they  may  be  most  profitai)! v 
employed,  and  so  forth,  accompanied  with  cuts  or  illustra- 
tions, and,  when  necessary,  with  the  result  of  scientific  test- 
ings, and  with  aiiytliiu^  which  will  instruct  people  and  itidu<e 
tliem  to  make  further  enquiry.  A  few  lines  of  advertiscMiuMit 
in  (l;ii]y  papers  offering  for  sale  the  patent  rights  arc  of 
course  useless,  since  their  nature  can  only  be  uiidcrst^xjd  by 
a  few  specialists,  but  not  by  the  men  wIjo  miglit  take  real 
interest  in  the  transaction. 

The  following  brief  survey  of  the  present  state  of  electrical 
industries  in  Japan  may  be  of  some  interest.  The  data  liave 
been  collected  within  the  last  six  months  in  the  factor 'V、 
throughout  the  country  and  under  my  own  personal  obser- 
vation. Motors,  generators,  and  transformers  are  made  here 
in  large  quantities,  to  meet  a  very  great  demand  which  in- 
creases every  year.  As  to  the  size,  generators  have  been 
made  up  to  6,000  kw.?  giving  very  good  results  under  test. 
There  are  two  large  factories  with  long  experience,  one  in 
some  connection  with  the  General  Electric  Company  of  the 
United  States  of  America,  the  other  as  a  part  of  a  dockyard. 
Besides  there  is  a  large  factory  adjoining  and  in  possession  of 
a  copper  mine,  which  promises  to  have  a  splendid  future. 
Smaller  factories  which  turn  out  smaller  articles  are  many  in 
nu mber,  and  compete  keenly  with  each  other.  All  special 
iron  and  steel  parts  are  imported,  and  these  factories  have 
always  to  keep  them  in  stock,  thereby  causing  unnecessary 
loss  and  inconvenience.  Special  types  of  machines,  and  those 
directly  coupled  with  water  and  steam  turbines,  have  been 
supplied  by  the  importers  and  contractors  ；  but  even  these  are 
now  being  made  in  Japan  to  a  small  extent. 

Carbon  filament  lamps  are  made  here  in  a  satisfactory 
way,  though  some  difficulty  is  experienced  in  making  them 
for  220  volts,  and  the  filaments  of  superior  qualities  are  all 
imported.  Tungsten  lamps  of  ordinary  size  are  also  made 
here  in  many  places,  both  drawn  and  squirted  wires  being 
imported.  Large  factories  in  Kawasaki  and  Osaka  are  turn- 
ing out  tens  of  thousands  of  lamps  every  day,  yet  hardly 
enough  to  meet  the  public  demand. 

Porcelain  insulators  of  good  quality  are  made  here  to  a 
large  amount,  leaving  no  room  for  importation,  as  suitable 
raw  materials  are  plentiful  in  Kiushiu  and  other  places,  but 
the  manufacture  of  straight  and  uniform  tubes  seems  to  be 
limited  to  the  length  of  about  30  cm.  Most  of  the  large 
factories  have  reliable  sets  of  apparatus  for  testing  insula- 
tors, but  these  latter,  wlient  furnished  witli  transmission 
wires,  sometimes  give  way  with  the  normal  working  voltage. 
Among  solid  insulating  materials,  other  tlwui  porcelain, 
ebonite  is  the  only  sort  which  can  be  made  in  a  good  quality. 
No  substitutes  for  ebonite  nor  any  insulators  to  meet  special 
circumstances  are  yet  forthcoming,  although  such  forms  as 
lam p  sockets  or  ball  insulators  for  trolley  lines  are  made  to 
a  great  extent.  Mica  is  largely  found  in  Corea  and  Manchu, 
though  the  quality  is  not  high  grade.  It  appears  exposed  as 
rock  or  rather  as  an  assemblage  of  small  rocks,  and  there  is 
a  prospect  of  finding  the  mineral  of  good  quality  in  deeper 
places  in  the  mines.  It  is  still  good  enough  for  making  some 
sort  of  micanite  ；  but  there  was  no  factory  for  it  till  very 
recently,  when  some  attempts  in  this  direction  have  been 
made  with  good  prospects  of  success.  Superior  kinds  of  mica 
are  imported  through  London  firms  from  India,  and  in  most 
of  the  electric  workshops  it  is  used  even  wlure  smaller  pieces 
of  inferior  quality  are  good  enough  for  the  purpose.  Engi- 
neers do  not  seem  yet  fully  to  understaud  the  values  of  the 
different  sorts  of  raicanite.  Indeed,  it  is  now  a  general  feature 
here,  that  in  spite  of  the  keen  competition  under  which 
they  are  struggling  they  do  not  look  for  the  new  materials 
wliich  they  may  use  with  much  profit  in  place  of  old  ones, 
and  in  order  to  avoid  the  unnecessary  exj)ense  in  the  produc- 
tion of  their  articles.  Yen*  rerently  a  patent  right  for 
bakerite  has  been  acquired,  and  the  manufacture  will  begin 
after  one  year.  India-rubber  insulating  tapes  are  made  in 
many  places,  usually  on  a  small  scale  and  in  a  very  primitive 
way.  Insulating  compounds  and  varnishes  are  made  onlv  to 
a  small  extent  :  and  none  with  special  features  are  vet  touched 
upon.    Transformer  oils  are  made  at  oil  refineries,  but  it 
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is  not  known  whether  they  meet  the  strict  requirements  of 
electrical  engineers.  All  other  oils  for  making  varnishes  and 
ronipounds  are  imported,  and  they  secure  good  prices. 

Ammeters,  voltmeters,  and  kilowatt-hour  meters  are  largely 
imported.  Ammeters  and  voltmeters  for  A.C.  and  D.C.  are 
also  made  here  on  a  fair  business  scale,  and  supplied  for  use 
with  small  motors,  but  they  serve  for  indicating  rather  than 
for  measuring,  and  the  consumers  of  electric  power  in  general 
are  indifferent.  I  have  seen  such  meters  in  process  of  calibra- 
tion by  an  ordinary  workman  with  no  proper  education  for 
>vr\\  work,  who  was  giving  an  allowance  of  20  per, .cent,  either 
way,  and  calibrating  with  the  fluctuating  city  supply  as  the 
electric  source.  There  are  some  factories,  however,  where  they 
make  switchboard  instruments,  accurate  to  within  3  or  4  per 
cent.,  supplied  with  the  generators  made  by  themselves,  but 
these  cost  much  more  than  imported  ones  made  by  well-known 
specialist  firms  in  America  and  Europe.  There  is  no  manu- 
facturer of  instruments  of  precision  fit  for  scientific  use.  For 
hot-wire  instruments  there  is  difficulty  in  obtaining  proper 
wires.  In  some  factories  resistance  boxes  are  made,  but  with 
materials  having  high  temj>erature  coefficients. 

The  employment  of  physicists  in  factories  began  only  a 
few  years  ago,  and  there  are  still  places  where  men  with  no 
proper  education  hold  the  place  of  chief  engineer.  There  is 
no  place  such  as  the  National  Physical  Laboratory,  or  the 
Bureau  of  Standards,  with  a  staff  of  the  highest  scientific 
reputation  and  with  adequate  modern  equipment  for  research 
work.  The  development  of  the  potentiometer  must  help  them 
a  great  deal,  but  I  have  not  seen  at  any  commercial  indus- 
trial workshop  a  really  good  potentiometer  from  well-known 
makers,  and  preserved  in  perfect  condition,  nor  have  I  seen 
a  battery  of  secondary  cells  for  the  electric  source  in  calibra- 
tion or  testing  of  D.C.  instruments,  or  in  driving  a  motor- 
generator  for  A.C.  instruments.  Such  special  instruments  as 
the  oscillograph  are  still  considered  a  luxurious  equipment  in 
phices  where  they  are  much  needed  ；  but  ohmmeters  and  such 
like  are  used  to  a  great  extent.  Those  meters,  which  serve  iu 
selling  and  buying  electricity,  must  now  pass  the  examination 
of  the  Teishinsho  (Department  of  Communication).  Among 
these  meters,  tariff  meters  are  imported  to  a  large  amount, 
but  competition  being  keen,  and  under  the  public  idea  that 
electric  apparatus  has  no  fixed  price,  they  are  sold  at  lialf 
the  catalogue  price,  and  in  addition  one  quarter  of  the  selling 
price  is  paid  for  the  fee  of  examination.  The  number  of  these 
meters  examined  at  the  Teishinsho  last  year  reached  38,000, 
and  the  figure  increases  every  year  at  a  rapid  rate. 

None  of  the  alloys  used  as  the  materials  for  electric 
resistances,  except  a  small  amount  of  German  silver,  are 
made  here,  and  the  manufacture  of  such  alloys  is  in  a  very 
primitive  stage.  Consequently  all  heating  elements  must  be 
imported. 

Rubber  works  are  in  a  prosperous  condition,  but  not  suffi- 
ciently so  to  stop  the  importation  entirely.  Good  rubber  is, 
of  course,  imported  from  South  America  through  London 
and  New  York  firms,  inferior  quality  rubber  comes  from  the 
Straits  Settlements,  while  the  experimental  cultivation  of  the 
tree  in  Formosa  is  likely  to  end  in  disappointment. 

Copper  wires  of  all  descriptions,  from  power  cables  down 
to  silk-covered  wires  and  rubber  cords,  are  made  here  almost 
to  the  entire  exclusion  of  imported  articles,  and  all  these  fac- 
tories are  apparently  in  a  prosperous  condition,  though  com- 
petition is  very  keen  in  this  as  in  other  industries.  Enamelled 
wires  are  made  in  some  of  the  factories,  but  the  demand  is 
still  small  and  not  yet  established.  Owners  of  copper  mines 
and  refineries  have  begun  to  make  wires  themselves,  and  the 
factories  with  no  mines  of  their  own  are  feeling  a  handicap 
in  t his  respect.  Copper  wires  of  small  diameters  are  drawn 
up  to  No.  50  S.W.G.  ；  15  years  ago  I  had  to  wait  six  months 
to  import  a  piece  of  No.  42. 

Dry  cells  are  made  in  many  places  on  a  small  scale,  but  the 
demand  is  increasing  every  year.  Most  of  the  factories  do  not 
possess  the  proper  apparatus  for  testing  their  products,  the 
^fMHM-;il  public  accepting  them  untested,  while  in  supplying 
Govern  mental  customers  rigorous  specifications  are  observed. 
Dry  cells  fit  for  storing,  made  of  the  type  in  which  some 
liquid  is  poured  in  at  the  time  they  are  used,  are  in  demand 
by  the  Army,  the  Navy,  and  in  the  telegrapli  and  telephone 
departments.    Secondary  cells  of  lead  type  are  now  made  in 


two  or  three  places,  but  the  greater  part  of  the  demand, 
which  is  increasing  every  year,  is  supplied  by  importers. 
Those  who  are  going  to  install  tliein  naturally  pay  attention 
to  t he  life  ol'  tlie  cells,  and  therefore  look  for  the  products 
of  well-estal)lished  foreign  factories,  native  factories  being 
still  too  young  to  ensure  good  records  for  their  products. 
Governmental  customers  use  the  native  products,  because 
they  are  instructed  to  do  so,  and  they  have  no  personal  inte- 
rest in  the  question. 

Electric  carbons  for  dry  cells  and  for  arc  lamps,  and  also 
1 1  lose  carbons  which  do  not  require  special  processes,  are  made 
iti  many  places,  though  on  a  small  scale.  Thick  carbon  rods 
for  searchlights  and  carbon  granules  for  telephone  work  are 
not  yet  made  liere  in  proper  quality  ；  carbon  brushes,  though 
made,  are  much  inferior  to  imported  ones. 

Public  telephones  and  telegraphs  are  Government  mono- 
polies, and  the  apparatus,  being  fixed  in  form,  are  old  in 
type,  except  in  few  instances  where  new  inventions  are  em- 
ployed by  way  of  trials.  Most  of  these  pu*blic  telephone  and 
telegraph  apparatus  have  been  su pplied  by  two  firms,  one 
purely  Japanese  and  the  other  in  close  connection  with  the 
West,  and  the  apparatus  were  subjected  to  severe  trials 
according  to  the  policy  of  the  Government.  As  to  the  tele- 
pi  ion  e,  any  new  apparatus  may  be  used  after  Government 
inspection,  but  the  public  is  not  very  particular  about  it. 
Automatic  exchanges  are  not  yet  installed  for  public  service, 
but  semi-automatic  ones  will  some  day  take  the  place  of  hard- 
worked  female  operators. 

Fittings  for  lighting  used  in  Japanese  houses  are  develop- 
ing to  meet  the  taste  of  the  people  ；  but'  those  for  buildings  of 
foreign  style,  for  offices  and  dwelling-houses,  which  are 
increasing  very  rapidly,  are  imported  articles.  No  electric 
irons  are  made  here,  nor  any  electric  heaters  or  cooking 
utensils,  while  electric  fans  are  only  manufactured  to  a  very 
limited  extent.  Suppliers  of  electricity  are  now  competing 
fiercely  with  one  another,  but  for  current  for  lighting  pur- 
poses only.  When  this  contest  comes  to  an  end,  and  that 
will  be  very  soon,  the  manufacture  of  all  kinds  of  apparatus 
for  domestic  purposes  will  rise  quickly  to  a  state  of  pros- 
perity. 

Physical  Society  of  London. ― The  following  papers  are  down 
for  reading  at  the  meeting  of  this  society,  to  be  held  to-day 
(Friday),  the  26  th  inst. :  (1)  "On  Atmospheric  Refraction 
and  it's  Bearing  on  the  Transmission  of  Electromagnetic 
Waves  round  the  Earth's  Surface,"  by  Prof.  J.  A.  Fleming, 
M.A.，  D.Sc"  F.R.S.  ；  (2)  "  Atmospheric  Electricity  Observa- 
tions made  at  Kew  Observatory,"  by  Gordon  Dobson,  B.A. : 

(3)  "  Thermal  and  Electrical  Conductivities  of  some  of  the 
Rarer  Metals  and  Alloys,"  by  T.  Barratt,  A.R.C.Sc,  B.Sc. ； 

(4)  "  On  the  Measurement  of  the  Temperature  Coefficient  of 
Young's  Modulus  for  Metallic  Wires  with  Special  Applica- 
tion to  Nickel,"  by  Prof.  E.  P.  Harrison :  (5)  "Some  Inves- 
tigations on  the  Arc  as  a  Generator  of  High-frequency  Oscil- 
lations/' by  F.  Mercer,  B.Eng. 

Calorific  Power  Standard  for  Gas. ― At  the  annual  meeting  of 
the  Institution  of  Gas  Engineers,  held  last  week  in  Liverpool, 
Mr.  Edward  Allen,  M.Inst.C.E.，  in  his  presidential  address, 
said  that  a  review  of  the  past  year  should  include  a  refe- 
rence to  recent  legislation,  by  which  it  was  now  certain  that 
the  industry  would  be  relieved  from  the  obligation  in  regard 
to  illuminating  power.  The  adoption  of  a  calorific  power 
standard  would  ensure  the  supply  of  gas  best  suited  to  the 
requirements  of  the  public,  and  which  could  be  manufactured 
at  a  minimum  cost.  This  wise  course  would  make  the  way 
easier  to  establish  a  uniform  quality  of  gas  for  the  whole 
country,  and  lead  to  the  manufacture  of  standardised  gas 
appliances  of  maximum  efficiencies.  It  also  enlarged  the 
field  of  coal  supplies,  with  consequently  a  cheaper  market,  and 
rendered  it  possible  for  undertakings  to  have  a  greater  selec- 
tion of  carbonising  systems  with  a  view  to  reduced  cost  of 
working.  The  flat-flame  consumer  would,  of  course,  receive 
less  consideration  than  in  former  years  ；  but,  with  very  few 
exceptions,  he  could  adopt  incandescent  burners  with  enor- 
mous advantage  to  himself.  The  application  of  the  policy  to' 
the  gas  industry  of  "  the  greater  good  for  the  greatest  num- 
ber "  was  not  only  justified,  but  demanded  iu  the  interests 
of  the  public. 
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INDUSTRIAL  AND  TRADE  NOTES. 

Personal.— At  ntunial  tl"'    Sliipl»uil(liii^  I':mi 

pl().y(、rs，  I'Vdt'rat.mii,  held  in  lOdinliin^h  on  tlu^  IHtli  inst.,  M  r.  .1 
、、'■  Miimilton,  ol'  .Messrs.  William  llninilton 八' Co.，  I'ort  (； his.^ow  , 
was  (小' ('""I  pi  *'si<lcMt  in  siiccossion  to  \l  r.  H('rl"'rt.  I'owrll,  nl 
AFcssrs.  \]  awthorn,  I'i'sli'',  A'  ( 'o.,  New  custle  on  TytH'. 

An  Acetylene  Order. ― Tli'>   "  London    ("w""''   <1uUh1  the 
ijist.  contaiiH-d  an  Ordor  in  (1(nincil  ('xt"mlii'g  the  l':\|'losivt's  Aci 
1,)  acotyleno  wlit'ii  liquid  or  sul»j(kct  to  a  (vrtaiii  oi'  com 

pK^ssion,  or  \\  hon  in  ； idniixtiirc  w  ith  a i r  or  ox.v W ，  ：» iul  pro 
liilntiiig,  hi  tli*'  interests  ol'  piihlir  safely,  tli"  inamil'iicturc,  keep 
iiig，  iniportntioii ,  r(>Mv"yai"'t',  or  sale  of  such  ;i(','1、vI"m('.  Ari't  v 
lfiH>  not  possossin^  tlui  cxplosi vt»  properties  set.  I orLii  in  tlic 
Order,  or  w  hich  is  in  ； "lmixtmv  w  i 111  air  in  i\  I'm'm'r  or  |)|'«»|,,,,' 
iict'tyli'in1  [)rodii('tioii  apparatus,  is  exompted. 

Geared  Turbine  Steamer.— Tlu'  C;i  irn  Line,  ol'  ！ V('"(  astl(',  have 
ordered  from  Messrs.  Wm.  Doxford  &  Sons,  Sunderland,  a  cargo 
sttsinitM-  oi'  5,;>(K)  tons.  SI"'  is  to  hti  iitlt'd  with  griuvd  turhiin's, 
like  the  u  Cairn ross,"  wliich  was  tlui  first  ！) m'M'v  car«;o  steamer 
to  he  ospocially  t'(|ii ipped  with  such  macliint'iy.  Slic  is,  lmurvrr, 
to  rccoivo  tlio  turl)im's  taken  from  tlio  stmim'r  "Yt'spa.shin,''  wliicli , 
it  will  be  reniemhercHl,  w as  used  l>.v  Sir  (，luu  It's  I'arsons  to  prove 
tl"、  applica bility  oi'  、： irtnl  tm'I'im's  to  slow  spinal  cargo  l'();its. 
Tlio  now  vt^ssel  will  he  tlui  second  putvl.v  car^o  boat  to  hiwo  this 
tvpt、  of  machinery. 

State  Ownership  of  Railways. —- At  tho  recent  cmiferctict1  of  tlu> 
National  Union  of  Kaihvayincn  the  t'ollowing  resolution  relating 
to  the  St  a  to  ("vm'rsliip  oi'  railw  ays  w  as  pass。(l  :  "That  this 
Congress,  while  roaffirniin^;  previous  decisiotts  in  favour  of  the 
nationalisation  of  railways,  «uh1  approving  of  the  action  of  tho 
Executive  Committee  in  arranging  to  obtain  and  give  evidence 
I'Hoiv  tlie  Royal  Commission,  declares  that  no  system  of  State 
ownership  of  the  railways  w  ill  be  acceptable  to  organised  i-ailway- 
nuMi  which  does  not  guarantee  to  them  their  full  political  und 
social  rights,  allow  them  a  duo  measure  of  control  and  responsi- 
bility in  the  sa f e  and  efficient  working  of  the  railway  system, 
and  ensures  to  them  a  fair  and  equitable  participation  of  the 
increased  benefits  likely  to  accrue  from  a  more  economical  and 
scientific'  aclministratiou/' 

Hydraulic  Stowage  in  Mines. ― In  the  House  of  Commons  recontly 
it  was  asked  whetlier  the  Committee  nn  Spontaneous  Combustion 
ni>pointed  by  the  Home  Office  was  now  considt^'in^  tho  question 
of  hydraulic  stowage  and  packing  of  the  waste  so  as  to  fill  up  old 
workings  in  mines  and  to  support  tho  roof  ；  and  wlietlier  evidence 
would  be  taken  by  the  Committee  as  to  the  system  of  hydraulic 
stowage  so  successfully  carried  out  at  present  in  France  and 
Germany,  with  a  view  to  its  introduction  into  this  country. 
Mr.  McKenna,  in  reply,  said  that  "  the  chairman  informs  me 
that  tlie  Committee  on  Spontaneous  Combustion  in  Mines  has  gone 
very  thoroughly  into  the  question  of  hydraulic  stowage  of  wastes 
in  mines  from  the  point  of  view  of  the  prevention  of  gob  fires. 
Evidence  has  been  taken  from  a  German  mining  official  having 
special  knowledge  of  the  subject,  who  has  visited  and  reported  to 
the  Committee  on  the  practicability  of  adopting  this  process  in 
different  British  coal  mines,  and  one  member  of  the  Committee 
recently  visited  the  mines  in  the  Bas  de  Calais,  Westphalia,  and 
(ialicia,  where  the  process  is  in  operation,  and  provided  the 
Committee  with  a  valuable  report  thereon.  The  subject  will  be 
dealt  with  in  the  report  of  the  Committee.'' 

Working  Hours  in  Shipyards. ―  A  movement  has  been  set  afoot  by 
over  30  societies  connected  with  the  shipbuilding  industry  for 
a  reduction  of  hours  in  the  working  week  so  far  as  sliipya i<]s 
are  concerned,  and  a  committor',  consisting  of  10  meml)ersJ  have 
through  their  secretary,  Mr.  William  Mosses,  communicated 
with  the  Shipbuilding  Employers'  F(xleration  on  the  sul'j*'(  t . 
The  following  reply  by  the  secretaries  of  the  Employers'  Federa- 
tion has  been  received  by  Mr.  Mosses :  u  Your  letter  of  tlu1  I  st 
inst.  was  considered  at  a  meeting  of  the  Executive  Board  of  this 
Federation.  In  reply  we  aro  instructed  to  point  out  that  tlu1 
Federation  has  already  on  several  occasions  met  representativt's 
of  the  workmen  who  are  employed  by  the  members  of  tltc 
Federation  with  regard  to  the  question,  and  after  giving  caivf.ul 
consideration  to  all  tlie  arguments  suhmittod  ivi'uscd  to  ^rant 
any  reduction  of  the  working  hours.  While  the  employers  are  at 
nil  times  prepared  to  meet  represt'iitatives  of  tluMr  ()、、  11  work 
xneii,  the  Board  felt  themselves  unable  to  eutoi'tain  i'avoinal)ly 
the  application  which  you  have  sent  for  a  conference  on  U'halt 
of  a  committee  representative  of  others  besides  their  own  work 
men.  At  the  same  time  we  are  instructed  to  add  that  tho  ])osition 
of  this  Federation,  that  they  cannot  a^reo  to  any  I'odtK-tioii  ot 
the  working  hours,  roinains  uii('hanp;("l,'' 


Roumanian   Petroleum  Industry.—  Aickj  r| ,  ,,；-  ！ , ,  ；,  i  >  f,m  t  i,\  1 1 .  M 

('"iisii 卜 （h"i,'r;il  at  (jlalatz  on  tJ"、  tr;"le  <*\  l《（，ii ma 'i i:i  in  1!，13,  tlie 
|"'trol"imi  industry  coniiiiiics  to  Hoiui.sh,  altlioii^li  tin*  pro 
<liK'tioii  of  (tii 山， oil  in  may  liav  '  hr-cn  below   fxp«*<-tiit  urn 

m、iiig  to  tho  war  and  to  tlu*  iiisiiHicicncy  ot  tin*  m«';"i.、  t':iii、 
port  ；  ricvci-thclcss,  it  n-aclicd  the  figim'  of  apprr-xiina t<»ly 
1,^00,000  tons,  as  compui^d  with  】，807，（"M)  toiiH  in  t\u-  jm  ••(■«■< 1 1  n - 
•v ('； ir,   and    1  ,G2'')，0U"   tons   in         1 .  Itoiuuaiiiii  \tns 

licr  oiit|)iit  ("•  jx-trolfiim,  and  sin*  is  now  tho  Ion rtli  oil 
pi'odiH'i country  oi'  tl"'  world,  coiiiin^  after  the  I  mtwl  St;"'  、. 
Kiissia,  n\n\  Mt^xico.  Tli"r"  sliould,  inor  'over,  fx*  :i  marlwl 
in('r(»aso  in  tho  output  (>iw  Ui(>  ii('、、  pipo  lines  at  pi oscnt  imk1«t 
const  nictioii  t  rom  B:iicoi  to  Coii.stant/-;i  liav<»  Ixmmi  complt  hd 
rriu»  total  export  of  <  rude  oi!  and  oil  products  in  191:5  is  <'stmi:il"'l 
to  have  \hh'\\  about  1  ，（"（»，（)(X)  tmifs,  as  against  H")(),(HX)  tons  in 
l"i'」  and  ()78,0()()  tons  in  The  chief  iiiiportin^  roimtrir.s 

were  tlic  l'iiite(l  Kingdom  (\vhos<'  import  of  Houiniiniaii  i"'tml<'imi 
has  incToasod  enormously  in  tho  last)  IVw  yen  i  s),  Ki  aiic*'.  ( r 
many,  and  lO^ypt.     At  the  cud  of  1 U 1 tlie  imml"，r  ol  coiMpanics 

in  tl"'  industry  had  risen  to  7:i，  w  i th  u  iHiminal  capital 
ol"  tl8,,— >(K1，000，  oi  uliii-li  L I  l/J.V'.OOd  had  I"',."  paid  up  ：  :i0  ot 
these  concerns,  with  an  a w('gat('  paid  up  capital  of  L  1  1 , o(K),(XM), 
rcalistnl  in  the  past  ycai-  a  i"'t  profit  of  €1,1 40,000,  noarly 
JO  per  cent.  Tlie  lar^*»st  share  oi'  t\iv  capitul  investrd  lias 
su pplicd  \ty  (J(M  inan y,  w  hose  proportimi  is  esti mated  at  »M  |,,»r 
criit.  Nf\t  in  order  iollow  the  United  Kingdom  w  itli  .'f )  i 
cont.,  the  Xtaliorlands  with   12  p"r  ctMit.,  and    Ki;iik«.  witli  ti 

Water  Softening  by  "  Pcrmutit/' ―  A         t  、    ',i    w  ;il «-r   '      i  ii. ' , 、 

visited  tho  Hootoii  、Vatt'r、、 ("ks  on  S»atur<l;i y.  -Imi,'  at  tlie 

invitation  (".  the  West  Cheshire  、V:it，'r  Conipany,  tlie  (山 ,j«'(t  ot 
the  visit  being  the  inspection  of  the  "  Permutit ,J  \vater-sof't<*iiiri«i; 
plant,  which  the  West  Cheshire  Water  Company  hav*»  install*' (！. 
In  vi**\v  of  tlie  fact  that  this  plant  is  the  only  "  Pennutit 
installation  iu  the  United  Kingdom  purifying  water  for  pill"": 
supply,  a  brief  account  of  it  may  ho  of  interest.  Tho  、、： it'  r 
tivattnl  is  obtained  from  Imreholes  about  8()()t't.  <1( 屮 p.  and  has  an 
initial  hardness  of  about  19°  Clarko.  The  company  a r<»  IkhiikI  l»y 
Act  of  Parliament  to  supply  water  at  10°  of  hardness,  and  ； it tn 
protracted  investigation  of  various  systems  of  wator  s(»t't(»"i"g 
it  was  resolved  to  install  the  "Permutit"  system.  Tin-  pr<""、、 
differs  radically  from  all  existing  methods  of  water  softening, 
and  is  based  on  an  exchange  of  the  calciinii  and  ma^nesiuni  salts 
which  form  the  hardness  of  tho  \va ter  for  tlu-  sodium  whirh  is 
tlie  replaceable  hast'  in  the  "  Pertmitit,"  This  exchan^o  is 
spontaneously  effected  immediately  tl"'  u  a  tor  is  pasM'd  through 
a  layer  of  the  material,  the  water  going  in  at  tlie  top  ;i ml 
issuing  from  the  bottom  ooniplotelv  s("'t"i"'d.  An  almost  mi 
limited  durability  and  effective  action  is  claiuu-d  tor  tlie  ''  Per- 
mutit/' which  is  insoluble  in  water  and  mi(l"rgo"s  no  vi"l'l" 
change.  It  is  capable  of  being  revivified  over  and  over  again  I'.v 
the  simple  application  of  a  solution  of  common  salt,  which 
the  lime  and  magnesia  from  combination  and  reinstates  th'、 
sodium.  The  latter  operation  is  termed  u  regeneration/'  and  i、 
carried  out  at  Hooton  with  the  aid  of  two  large  forro-concivto 
salt  solution  tanks  iu  which  tho  salt  is  prepared  and  from  whicli 
it  is  allowed  to  flow  through  the  "  Permutit 75  filters  for  12  liour.s 
in  the  case  of  each  battery  alternately.  The  capacity  of  tho 
softening  plant  at  Hooton  is  one  million  gallons  daily.  This 
water,  which  is  softened  to  zero,  is  mixed  with  an  equal  '|u;intity 
of  hard  water  at  19°3  the  resulting  two  million  gallons  lu'in^ 
sent  to  the  mains  with  a  hardness  of  9.\°.  No  precipitate  or 
sludge  is  formed  at  any  stage  of  the  process,  and  only  one 
soluble  and  easily  handled  reagent  (salt)  is  employed.  The  entire 
plant  is  looked  after  by  two  men. 


The  Hamburg-America  Liner  "  Bismark."  ― The  qua.lruj.lf- 
screw  turbine  steamer  "  Bismark  ，，  was  launched  from  the 
yard  of  Messrs.  Blohm  &  Voss，  Hamburg,  on  Saturday  last. 
She  is  the  largest  vessel  of  the  "  Imperator  "  class,  and,  there- 
fore, the  world's  largest  liner,  having  a  length  of  291  metres, 
a  breadth  of  30  5  metres,  and  a  depth  of  19  2  metres,  with  a 
tonnage  of  52,000  tons,  or  some  2,000  tons  larger  than  her 
two  sister  boats  the  "Imperator"  and  "  Vaterland."  The 
propelling  machinery  will  comprise  one  hi^li-])ressure,  one 
intermediate,  and  two  low-pressure  turbines,  arranged  in  three 
engine-rooms,  the  total  capacity  of  the  turbines  at  100  revs, 
of  the  four  propellers  being,  roughly,  61,000  h. p.  She  has 
been  designed  for  an  average  speed  of  22 A  knots.  As  on  the 
'' Vaterland,"  accommodation  will  be  provided  for  about.  7">0 
first-class  passengers,  650  second,  and  850  steerage.  Fralun 
tanks  are  to  be  installed  to  oountenn-t  the  rolling  movement 
of  tlie  vessel . 
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NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
},e  pleased  to  forward  copies  post  free  on  receipt  of  lOd.  Address 
" Mechanical  Engineer^  53,  New  Bailey  Street,  Manchester. 

MECHANICAL  1913. 

Production   of   combustible   gas   or   vapour   from   liquid  fuel. 

Biddlecombe.  10305. 
Wagon  trains.   Oesterreichische  Daimler-Motoren  Akt.-Ges.  10440. 
Water-tube  boilers.    Wills.  12402. 
Motor-cars.    Kelly.  12449. 

Moans  ior  the  accunnilatioii  and  t ra nst'crcnro  of  heat.  Lymn. 
12618. 

Motor  road  vehicles.    ^lellersli-Jacksoii.  V2GI8. 

JVo|M'lling  apparatus  for  aerial  maoliines.    C'anovot ti.    】2'  HJ. 

Drive  for  variable-speed  ； nut  iv、'(、i、iuu;  machinery.     Hacon  and 

Roe.  1273；1. 
Internal  coml)Ustion  engines.    Tugwood.  12798. 
Trucks  tor  railway  vehicles.    Willis.  12924. 
Variable-speed  power  transmission  devices.    Weiss.  12943. 
Manufacture  of  iron  and  other  metals.    Bourcond.  12960. 
C'arlm retters  for  i n t er n a  1-comb u sti oil  engines.  Edmondson.  1 299(>. 
Acetylene  generator.    Fauvel.  13039. 

Valves  and  valve  gear  of  internal-combustion  engines.  Mcintosh. 
13133. 

Centrifugal  blower  using  auxiliary  fluid.    Marks.  13161. 
Centrifugal  blowers.    Hom,'rsli  im.  1-31 
Vices.    Carter.  13235. 

S|»e*'<l  indicators.    Duncan  A:  El  ion.  W272. 

Governing  mechanism  for  prime  movers.  British  Thomson- 
Houston  Company,  Samuelson,  and  、Vai、vi(k  IVlachiiiery 
Company.  13347. 

Method  of  propelling  boats.    Stewart.  13488. 

Aeroplanes.    Vickers,  Ltd.,  and  Challenger.  13728. 

Water  meters  of  the  positive  type.    Konnedy.  13851. 

Spt'ctl  ^uvoniDrs.    l)(»u^l;is.  18886. 

Process  and  apparatus  for  puril ying  and    cooling    hot  gases. 

Jauhert.  14420. 
Friction  dutches.    Bridge,  Bridge,  &  Bi'adsliaw.  】814(j. 
Acetylene  generators.    Clarke.    18584 . 
Railway  vehicle  couplings.    Claus  A:  C'laus.  18712. 
Bench  vices.    Miles.    1921 7. 

Manufacture  of  lubricants.    Fresenius.  19338. 
Lubricators.    Maxwell,  and  Daimler  Company.  19641. 
Railway  signalling.    Firth  &  Leake.  19757. 

Driving  belts.  Dunlop  Rubber  Company,  and  Macbeth.  19950. 
Propelling  or  power  generating  mechanism.    Caldwell,  Thompson, 

and  Puryear.  20307. 
Clutch  mechanism.    Sieu rin.  20597. 

Transmission  gearing  of  motor  vehicles.    Currin.  21392. 

Device  for  removing  accumulations  of  fine  ash  and  dust  from 
boiler  flues.    Bamford.  21620. 

Means  for  locking  nuts.  .Young  &  Furler.  22625. 

Explosion  motors.    Soc.  Anon.  H.  &  A.  Dufaux  &  Cie.  23078. 

Driving  of  vehicles  and  locomotives.    Pieper.  24455, 

Internal-combustion  engines.    Cox.  24460. 

Railway  signalling  apparatus.    Worm  aid  &  Stead.  24511. 

Atomisers  for  boilers  using  liquid  or  mixed  fuel.  Soc.  Anon .  des 
Etablissements  Delaunay-Belleville.  25266. 

Valve  gear  for  internal-combustion  engines.    Dufoitr.  25308. 

Ball  bearings  for  shafts.    Soderlund  &  、Viki"g.  2(;141. 

Generation  of  steam,  feed- water  heating,  and  the  heating  of 
liquids  generally.  K irko,  ； md  Bonecourt  Surface  Combus- 
tion, Ltd.  26769. 

Steam  superheaters  for  vertical  boilers.    Sugden.  28479. 

Hydraulic  accumulators.    Wirz.  28488. 

Valve  mechanism  of  internal-combustion  engines.  Miller  and 
Tetlow.  28923. 

Starting  apparatus  for  internal-combustion  engines.  Henkart. 

28927. 
Internal-combustion 
Mechanical  stokers. 


engines.  Hurlbrink. 
Bennis.  29102. 
,、'  "'\v，  bolt,  or  nut  locking  devices.    Hempel.  295： 
Valve  mechanism  for  intern al-comhusti on  engines.    Miller.  29/560. 
Ships.    Kincaid.  30091. 

1914 

Apparatus  for  measuring  the  tractive  force  and  determining  the 
efficiency  of  motor-vehicles.    Daimler-Motoren-Ges.  882. 

Lubricators.    Lawrence.  1525. 

Rotary  grates  for  gas  generators.    Roller.  1G92. 

Carburetters  for  explosion  motors.  Soc.  du  Carbui'ateur  Zenith. 
2615. 

Rotary  pumps.    Bel  lens,    3584,  , 


Nut  locks.    Thornton.  ：3711. 

Sta rtintr  <l(»vicc  ior  inter nal-eoinbusti()ii  ongines.    】!alassa.  4455. 
Air  compressors.    Jiayner  &  Kavn("'.  '— )190. 
Kuilway  rail  joints.     I^vans.  5i，7'3. 

■Rotary  transmission  dyuamonu  tci-s.    Hockstroh.  0454. 
J{ ailway  rails.    Brewster.  GG34. 

ELECTRICAL,  1913. 

Electricity  meters.    Elster.  5157. 

Telephone  systems.     Automatic  Telephone  Manufacturing  Com- 
pany. 10200. 
Telephones.    Plecher.  10399. 

Testing  of  insulation.  Kvorshed  &  Vignoles,  Ltd.,  and  J^vershod. 
12723. 

('ailing  device  for  tf'h'^iapli  or  tolephone  circuits.  Lund  and 
X('u   I>honopore  Telephone  Company.  12966. 

Wireless  signalling.  Ditcham,  and  Grindell -Matthew  .s  Wireless 
Telephone  Syndicate.  13065. 

Va pou r  electric  (ltn'"'(、s.  British  Thomson-Houston  Conij);i  ny. 
15392. 

Electric  railways.    A\'hite.  15658. 

Klt'ctric  control  of  electric  motors.  Otis  Elevator  Company.  15G82. 
Apparatus    for    heating    liquids    electrically.      British    Elect  nc 

Heater  Company,  and  Kratt.    ](; (； 01. 
Electric  shaft  furnaces.    Crafts.  18073. 
Continuous-current  transformers.    Bouclierot.  19588. 
Regenerative  braking  systems  for  electric  motors.    Storer.    L}1 140. 
Telephonic   receiving   apparatus.      Western    Electric  ('ompanv. 

25643. 

Kl''('tri('iil  accumulators.    Weeks.  262ol. 

Electrical  moans  for  starting  iiitonial-combustion  en;j;i nes.  Wolf. 
2650^. 

C4omnmtation  arraii^oments  for  electric  rotary  converters  coupled 
to  alternating-current  boosters.  Siemens  Bros.  Dynamo 
Works,  Ltd.,  and  Wilson.  29270. 


1914. 


h'ct lie 


AiTim^cnients    for    regulating  the  torque  of  polyphase 
motors.    Siemens-Schvickertwerke  Ges.  1640. 

Thermal  contact  device  for  electric  circuits.    Jeidel.  3818. 

Controlling    of    electric    motors  for  ship  propulsion.      Si  emeu  s- 
St  lmckertwerke  (Jos.,  and  Hulss.  4309. 
sting  of  insulation.     Kvt'rslied  &  Vignoles,  Ltd.,  and  Evei  >lied. 
12032. 


METAL  QUOTATIONS. 

TUESDAY.  JUNE  23rd. 

Aluminium  ingot   83/—  per  cwt. 

"         wire,  according  to  sizes,  &c  from  107/4  ，， 

，，'       sheets        ，，  ，，  -    112/-  " 

Antimony  £20/5/-  to  £28/-/-  per  ton. 

Brass,  rolled   7Jcl.  per  lb. 

，， tubes  (brazed)    9|d.  ，， 

，，       ，， (solid  drawn).   7|d.  ，， 

,，       ，， wire   7Jd.  " 

Copper,  Standard   £61/2/6  per  ton. 

Iron,  Cleveland   51/3  ，， 

,， Scotch   57/3 

Lead,  English    £19/17/6  ，， 

，， Foreign  (soft)   £19/12/6  ，， 

Mica  (in  original  cases) ,  small    fid.  to  3/-  per  lb. 

"  ，，  "       medium    3/6  to  G/—  ，, 

，，  ，，  ，，       large    7/6  to  11/- ，， 

Quicksilver    £7/—/—  per  bottle. 

Silver   25 ^|d.  per  oz. 

Spelter    £21/7/6  per  ton. 

Tin,  block   £138/ 15/-  per  ton. 

Tin  plates,  I.C   】 1/10|  per  box. 

Zinc  sheets  (Silesian)    £24/10/-  per  ton. 

，，         (Stettin  ；  Vieille  Montagne)   £24/12/6  ，. 


The  Speed  of  the  "Aquitania." ― The  Cunard  liner  "  Aqui- 
tania "  has  now  completed  the  return  journey  across  the 
Atlantic.  The  passage  from  Liverpool  to  New  York,  a  dis- 
tance of  3，181  nautical  miles,  was  covered  in  5  days,  17 
hours,  43  minutes,  at  an  average  speed  of  23' 1  knots.  The 
homeward  journey  of  3,095  miles  was  covered  in  5  days,  11 
hours,  58  minutes,  at  an  average  speed  of  23*45  knots.  The 
average  speed  of  the  best  day's  run  was  24*26  knots. 


Friday, 
June  26, 
1914. 


LANCASTER  &  TONGE,  LTD.,  Con=nr=  M 

Sole  Makers  of  "The  Lancaster1'  Pistons,  Limit  Piston  Rings,  Steam  Traps, 
Steam  Dryers,  Ac.  PENDLETON,  MANCHESTER. 


E 
E 


STRENGTH  — UNIFORMITY  — ACCURACY. 

FIRTH'S  SPEEDICUT"  High-Speed  TWIST  DRILLS 


Catalogue  sent 


on  application. 


THOS.  FIRTH  &  SONS,  Ltd"  Norfolk  Works,  SHEFFIELD. 


TAPER  PINS 

WITH  A  REPUTATION 
FOR  ACCURACY  AND  ALL 
ROUND  HIGHEST  CLASS 
 WORKMANSHIP  » 

THE  "FREMO 

FREDk.    MOUNTFORD,  LTD., 
FREMO    WORKS,  BIRMINGHAM. 


G^^CE-  Glasses 


GUILBERT-MARTINV 
9，  Edmund  Place,  London,  E.G. 


Telegrams ：  Telephone  I 

PHOTOPHORE,"  LONDON.      No.  2799,  CENTRAL 


S.  REDFERN  &  Co"  2,』rC 

MANCHESTER. 

Belfast  OtT ce:  51，  Church  Lane.  Tel. 


OF  WORKING  STEAM  BOILERS. 

FIGURE  OUT  without  (2) 

the    Green's  Economiser 

QQ5J  and  with  it. 

   DIFFERENCE  is  8AVIWO  EFFECTED. 

E N  &  S0 N ,  Ltd.  Wakefield  and  Manchester. 


Valves  一 

for 

AIR  PUMPS,  CIRCULATING  PUMPS, 

etc. 

OUTLAST  SEVERAL 
ORDINARY  VALVES 


Write  for  Particulars  to 

Sole  Manufacturers  of  Dermatine  Valves, 
Hose,  Belting,  Packing  Rings,  Joints,  &c. 

Dermatine  Company  un. 

DEPT.  M, 

93  &  95,  Neate  Street,  LONDON,  S.E. 


COMMERCIAL  MANAGEMENT 

OF  ENGINEERING  WORKS 

By  Francis  G.  Burton. 
Will  show  you  how  to  run  a  shop  successfully. 
Price  V£  10,  p«>Ht  fret*. 
The  Scientific  Publishing  Co.,  53,  New  Bailey  St..  Manchester 


INJECTORS 

"PENBERTHY"  PATENT. 

Automatic  Boiler  Feeders  for 
high,  medium,  or  low  pressures. 
Have    only    five    working  parts. 
Cannot  get  out  of  order.  Reliable, 
durable,  and  economical. 

Sales  now  exceed  750,000. 

And  Auto-positivc  type 
for    Hot    Feeds  ；  also 
'*  X.L."  Ejectors, 
Water  Lifters. 

Send  for 
BOOKLET. 

W.H.W1LLC0X&C0 

LTD.. 
32  to  38, 

Southwark  Street 


LONDON,  S.E. 


Hi 

■  o  o 

§1,3 


\DELTA  METALA 


Manganese  Bronze,  Naval  Brass.  Yellow  Metal,  Ac. 
"DIXTRUDO"  HIGH-SPEED  SCREWING  BRASS. 

The  DELTA  METAL  CO.  1(1.£^"1^ 

Works :  London  and  Birmingham. 


J8《ms=  n:?Dr^JrlAI  ln」 
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Schaffer  &  Budenberg,  Ltd. 


Telegraphic  Addresses  : 

" Manometer,"  Manchester. 
" Pyrometer,"  London. 
"Injector,"  Glasgow* 


HEAD    OFFICE   AND    WORKS :     WHITWORTH  STREET. 

MANCHESTER. 


77a, 


Queen  Victoria  St., 
LONDON. 


5,  Wellington  Street, 
GLASGOW. 


Telephone  Numbers  : 
Manchester  - 1897  Central  (3  Lines) 
London  誦    - 5672  Central. 
Glasgow  -    - 148  Corporation  Tel. 
do.      •    •  119  Argyle.  Nat.  Tel. 


Makers  of  Pressure  Gauges, 
Tachometers,  Recorders  for 
Pressure,  Temperature  and 
Speed.  All  types  of  high-class 
Engine  and  Boiler  Fittings. 


Nickel-seated  Iron  and  Steel 
Stop  Valves,  Safety  Valves, 
Injectors,  Steam  Traps,  &c. 
Total  production  of  Pressure 
Gauges  exceeds  4,000,006. 


(No,  1) 


Pressure  Recorder. 


Temperature  Recorder, 

with  flexible  connect- 
ing tube,  for  tempera- 
tares  up  to  950°  Fah. 


Pressure  Recorder. 


CLASSIFIED    LIST   OF   ENGINEERING  SPECIALITIES. 


AIR  COMPRESSORS 

Ingersoll  Rand  Co.,  London 

ALLOYS  (See  Metals) 

ALUMINIUM 

Harlow  &  Son,  B.,  Stockport 

ARTESIAN  WELL  BORING 

Mather  &  Piatt,  Ltd.,  Manchester 

ASBESTOS  GOODS 

Harlow  &  Son,  R.，  Stockport 

BELTING 

Bermatine  Co.,  Ltd.,  London 
Beddaway  &  Co.,  Ltd.,  F.,  Manchester 

BOILER  AND  ENGINE  INSURAHCE 

British  Engine,  Boiler,  and  Electrical  In- 
surance Co.,  Ltd.,  Manchester 

National  Boiler  Insurance  Co.,  Ltd. 
Manchester 

BOILER  MOUNTINGS  AND  FITTINGS 

Bailey  &  Co.,  Ltd.,  Sir  W.  H.，  Salford 
Harlow  &  Son,  R.,  Stockport 
Hunt  &  Mitton,  Ltd.,  Birmingham 
Lancaster  &  Tonge,  Ltd.,  Pendleton 
McNeil,  Chas.，  Glasgow 
Koyles,  Ltd.,  Irlam,  Manchester 
Kussell  &  Co.,  Ltd.,  John,  Walsall 
Sch&tfer  &  Budenberg,  Ltd.,  Manchester 
Willcox  &  Co.,  Ltd.,  W.  H.,  London 

BOILERS,  BTEAH 

Penman  &  Co.,  Glasgow 

Tinker,  Shenton,  <fe  Co"  Ltd.,  Hyde 

Yates  &  Thom,  Blackburn 

BOLTS  AHD  NUTS 

Automatic  Standard  Screw  Co.,  Halifax 

BOOKS,  TECHNICAL 

Cassell  &  Co.，  Ltd.,  London 
Griffin  &  Co.，  Ltd.,  Chas.,  London 
Scientific  Publishing  Co.,  Manchester 

BRASS  FOUNDERS 

Delta  Metal  Co.,  Ltd.t  London 
Harlow  &  Son,  R.，  Stockport 
Lancaster  &  Tonge,  Ltd.,  Pendleton 

CALCULATORS,  MECHANICAL 

Fowler  &  Co.,  Manchester 
Stanley  &  Co"  Ltd.,  W.  F.，  London 
Thornton,  A.  G.，  Manchester  , 

"CAMEL  HAIR"  BELTING 

Heddaway  &  Co.,  Ltd.,  F.,  Manchester 


CASTINGS,  IRON  AND  STEEL 

Brown  Bayley's  Steel  Works,  Ltd.,  Sheffield 
Delta  Metal  Co.,  Ltd.,  London 
Faidey  &  Sons,  Jas.,  Birmingham 
Hadfields  Steel  Foundry  Co.,  Ltd.,  Sheffield 

CHUCKS 

Milne s,  H.t  Bradford 

CLUTCHES  (See  Friction  Clutches) 

CONDENSERS 

Lancaster  &  Tonge,  Ltd.,  Pendleton 
Royles,  Ltd.,  Irlam,  Manchester 

CONSULTING  ENGINEERS 

British  Engine,  Boiler,  and  Electrical  In- 
surance Co.,  Ltd.,  Manchester 

National  Boiler  Insurance  Co.,  Ltd., 
Manchester 

COPPERSMITHS 

Harlow  &  Son,  R.,  Stockport 

COUPLINGS,  SHAFT 

Bridge  &  0o.，  Ltd.,  D.，  Manchester 
Kay  &  Co.,  Ltd.,  James  C.，  Bury 

CRANK  PIN  TURNING  MACHINES 

Gardner  &  Sons,  Ltd.,  L.,  Manchester 

DERMATINE  VALYE3,  BELTING,  Ac. 

Dermatinc  Co.,  Ltd.,  London 

DRAWING  INSTRUMENTS  AND 
MATERIALS 

Stanley  &  Co.,  Ltd.,  W.  F.，  London 
Thornton,  A.  G.，  Manchester 

DRILLS,  TWIST 

Coventry  Ordnance  Works,  Ltd.,  Coventry 
Firth  &  Sons,  Ltd.,  Thos.,  Sheffield 

DYNAMOS  AND  MOTORS 

{See  Electric  Motors,  dec.) 

ECONOMISERS 

Green  &  Son,  Ltd.,  E.，  Manchester 

ELECTRIC  MOTORS,  DYNAMOS,  ftc 

Gardner  &  Sons,  Ltd.,  L.,  Manchester 
Mather  &  Piatt,  Ltd.,  Manchester 

ELECTRICAL  MACHINERY,  INSURANCE 
OF 

British  Engine,  Boiler,  and  Electrical  In- 
surance Co.,  Ltd.,  Manchester 
National    Boiler    Insurance    Co . ,    Ltd . , 
Manchester 


EMERY  WHEEL8 

Mitchell's  Emery  Wheel  Co.,  Manchester 

ENGINES  (See  Steam,  Gas  and  Oil) 

FEED-WATER  HEATERS 

Lancaster  &  Tonge,  Ltd.,  Pendleton 
Royles,  Ltd.,  Irlam,  Manchester 

FILTER8  FOR  TOWN  SUPPLIES 

Mather  &  Piatt,  Ltd.,  Manchester 

FIRE  PROTECTION  EQUIPMENT 

Mather  &  Plati,  Ltd.,  Manchester 

FLEXIBLE  TUBING 

United  Flexible  Metallic  Tubing  Co.,  Ltd 
London 

FLYWHEELS 

Kay  &  Co.,  Ltd.,  James  C.，  Bury 

FORGINGS  AND  STAMPINGS 

Brown  Bayley's  Steel  Works,  Ltd.,  Sheffield 
Delta  Metal  Co.,  Ltd.,  London 
Fairley  &  Sons,  J.，  Birmingham 

FOUNDRY  LADLES 

McNeil,  Chas.,  Glasgow 

FRICTION  CLUTCHES 

Bridge  &  Co.，  Ltd.,  D.,  Manchester 
Kay  &  Co.,  Ltd.,  James  C.，  Bury 
Reddaway  &  Co.，  Ltd.,  1，.，  Manchester 

FURNACES  FOR  MELTING  METALS 

Monometer  Manufacturing  Co.,  Ltd., 
Birmingham 

FUSIBLE  PLUGS 

Lancaster  <fe  Tonge,  Ltd.,  Pendleton 
National    Boiler    Insurance    Co.  Ltd., 
Manchester 

GAS  BURNERS  FOR  FURNACES 

Monometer  Manufacturing  Co.,  Ltd.. 
Birmingham 

GAS  ENGINES 

Gardner  &  Sons,  Ltd.,  L.,  Manchester 
Mather  &  Piatt,  Ltd.,  Manchester 

OAS  PRODUCERS 

Gardner  &  Sons,  Ltd.,  L.,  Manchester 

GAUGE  GLJ18SES  AND  PROTECTORS 

Guilbert-Martin,  London 

GAUGES,  RECORDING 

Schaffer  &  Budenberg,  Ltd.,  Manchester 

GEARING  AND  SHAFTING 

Bridge  &  Co.，  Ltd.,  D.,  Manchester 
Jones;  Ltd.,  Geo.,  Birmingham 
Kay  &  Co.,  Ltd.,  James  C.，  Bury 
Lancaster  &  Tonge,  Ltd.,  Pendleton 
Yates  &  Thorn,  Ltd.,  Blackburn 


GOVERNORS,  ENGINE 

Lancaster  &  Tonge,  Ltd.,  Pendleton 
Schaffer  <fe  Budenberg,  Ltd.,  Manchester 


GRINDING  MACHINES 

Mitchell's  Emery  Wheel  Co.,  Manchester 

HEATING  AND  DRYING  APPARATUS 

Harlow  &  Son,  R.，  Stockport 
Royles,  Ltd.,  Irlam,  Manchester 

HOSE 

Dermatine  Co.,  Ltd.,  London 
Reddaway  &  Co.,  Ltd.,  F.，  Manchester 
United  Flexible  Metallic  Tube  Co.,  London 
Willcox  A  Co.,  Ltd.,  W.  H.，  London 

HYDRAULIC  MACHINERY 

Mather  &  Piatt,  Ltd.,  Manchester 

HYDRAULIC  PACKINGS  (See  Packingt) 

INDICATORS,  ENGINE 

Schatfer  &  Budenberg,  Ltd.,  Manchester 

INJECTORB 


INSURANCE  OF  ENGINES,  BOILERS,  Ae. 

British  Engine,  Boiler,  and  Electrical  In- 
surance Co.,  Ltd.,  Manchester 

National  Boiler  Insnrance  Co.,  Ltd.,  Man* 
Chester 

1ROMFOUNDERS 

Jones,  Ltd.,  George,  Birmingham 
Lancaster  &  Tonge,  Ltd.,  Pendleton 


JOINTING  MATERIAL 

Turner  &  Co.,  Ltd.,  J.  E.，  Bradford 
Turner  Bros.,  Ltd.,  Bocbdale 


LOCK  NUTS 

Bayliss,  Jones,  &  Bayliss,  Ltd..  Wolvet 
baraptoo 


For  Index  to  Advertisers  see  page  V. 
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Steam  Boilers  and  Supplementary  Appliances. ― 

A  practical  treatise  on  their  construction,  equipment,  and 
working.    By  William  H.  Fowler,  Wh.Sc,  M.Inst.C.E. 

Price  12/11,  post  free. 

Testing  of  Engines,  Boilers,  and  Auxiliary 
Ma.chinery« ― A  treatise  on  the  construction  and  use  of  the 

instruments  and  methods  employed  in  the  testing  of  prime  movers 
in  the  laboratory  and  workshop.  Second  Edition.  By  W.  W.  F. 
Ptjllen,  Wh.Sc,  A.M. Inst. C.E.  Price  13/-,  post  free. 
Testing  and  Strength  of  Materials  of  Construe - 
tiotii  -  A  treatise  on  the  methods,  machines,  and  instruments 
used  in  the  testing  of  materials  of  construction.  By  W.  C. 
Popplewell,  M.Sc.  Price  1 0/l  O,  post  free. 

Commercial  Management  of  Engineering  Works. 

― A  comprehensive  work  dealing  with  the  best  methods  of  con- 
ducting the  commercial  side  of  an  engineering  establishment. 
Second  Edition,  revised  and  greatly  enlarged.  By  Francis  G. 
Burton.  Price  1  2/1 0,  post  free. 

Indicator  Diagrams,— A  treatise  on  the  use  of  the  indicator 
and  its  application  to  the  steam  engine.  By  W.  W.  F.  Pullen, 
Wh.Sc,  Assoc. M.Inst.C.E.,  &c.       Price  6/4,  post  free. 

Engineering  Tables  and  Data. ― For  the  use  of  Engineer- 
ing Students.  Gives  a  large  number  of  tables  frequently  requirod 
by  students  in  the  laboratory  in  convenient  form.  By  \V.  W.  F. 
Pullen,  Wh.Sc,  Assoc. M.Inst.C.E.,  &c. 

Price  1/8，  post  free. 

The  Combustion  of  Fuel- ― With  special  reference  to  smoke 
prevention.  Contains  numerous  illustrations  of  mechanical 
stokers,  forced  draught  furnaces,  and  refuse  destructors.  By  W. 
W.  F.  Pullen,  Wh.Sc,  Assoc. M.Inst.C.E.,  &c. 

Price  3/8,  post  free. 

Practical  Pattern  Making. ― A  treatise  for  the  use  of 
Pattern  Makers,  Foundrymen,  Apprentices,  and  others.  Pro- 
fusely illustrated.    By  Herbert  Aughtte,  A.M.I.Mech.E. 

Price  4/4，  post  free. 

How  to  Design  a  Gas  Engine,— With  full  working  draw- 
ings of  a  7-b.h.p.  gas  engine.    By  Horace  Allen. 

Price  2/9，  post  free. 

Metallurgy  of  Iron  and  Steel. ― Covers  the  whole  field  of 
the  metallurgy  of  iron  and  steel.  Second  Edition,  revised 
and  enlarged.  By  A.  Humbolut  Sexton,  F.I.C.,  F.C.S.,  and 
J.  S.  G.  Primrose,  A.G.T.C.,  A.I.M.M. 

Price  12/11，  post  free. 

Steam  Engineering. ― A  treatise  on  boilers,  steam,  gas,  and  oil 
engines,  and  supplementary  machinery,  with  instructions  for 
carrying  out  numerous  simple  experiments.  Fifth  Edition.  By 
W.  W.  F.  Pullen,  Wh.Sc,  A.M.Inst. C.E. 

Price  4/5，  post  free. 

Machine  Tools, — A  treatise  on  the  design  and  construction  of 
planing,  shaping,  slotting,  drilling,  boring,  milling,  wheel 
cutting  machines,  &c.    By  Thos.  R.  Shaw,  A.M.I.Mech.E. 

Price  15/6,  post  free. 


Lathes,  Screw  Machines,  Boring  and  Turning 
Mills* ― A  practical  treatise  on  the  design  and  ron-t  ruction  of 
turning  machines,  including  lathes,  automatic  screw  machines, 
boring  and  turning  mills,  and  their  accessories.  By  Thos.  R. 
Shaw,  A.M.I.Mech.E.  Price  1  5/6,  post  free. 

Alloys  (Non-ferrous). ― A  treatise  on  the  structure,  propert  i<  >, 
and  preparation  of  brasses,  bronzes,  white  alloys,  nickel  alloys, 
alloys  of  the  precious  metals,  &c.  By  A.  Humboldt  Sexton,  F.I.C., 
F.C.S.  Price  7/1 0,  post  free. 

Modern  Locomotive  Practice. ― A  treatise  on  the  design, 
construction,  and  working  of  steam  locomotives.  By  C.  E. 
Wolff,  B.Sc"  A.M.Inst.C.E. 

Price  10/10,  post  free. 

Practical  Dynamo  and  Motor  Testing.— A  tn-atise  on 
the  methods  and  instruments  used  in  the  testing  of  dynamos  and 
motors.  Fourth  Edition.  By  Charles  F.  Smith,  Wh.Sc, 
A.M.I.E.E.  Price  5/4,  post  free. 

Practical  Alternating  Currents  and  Alternating 
Current  Testing, ― Deals  in  an  ('lt'mriiUr.v  and  pra'u'  \  I 
manner  with  the  principles  of  alternating  currents  and  alter- 
nating current  machinery.  Fifth  Edition.  Bv  Charles  F. 
Smith,  Wh.Sc"  A.M.I.E.K.  Price  6/5,  post  free. 

Compressed  Air. ― A  treatise  on  t hr  th,  ''r\  aiul  j'ra'  tice  of 
pneumatic  power  transmission.  I".  W*.  C.  Poptlewell,  M.Sc., 
A.M.Inst.C.E.  Price  7/10,  post  free. 

Producer  Gas, ― A  treatise  on  t\\v  pmpt'rti'-s.  manuf  u  tui.-.  ami 
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Efficient  Turbine  Pumps 

HTHE  experience  gained  during  a  period  extending  over 
thirty  years  of  the  application  of  turbine  pumps  to  all 
classes  of  work  has  enabled  us  to  effect  radical  improve- 
ments in  design  to  obtain  the  highest  efficiency,  and  to 
ensure  thorough  reliability  of  action. 


Five-chamber  High-lift  Pump. 

Coupled  direct  to 


.^CO  galls. 
.C.  Motor. 


These  pumps  are  supplied  in  all  sizes,  and  for 
all  lifts.  They  may  be  coupled  direct  to  high- 
speed steam  engines,  steam  or  water  turbines, 
electric  motors,  or  driven  by  belts  or  ropes. 

Our  Patent  Turbine  Pumps  have  actually  been  built  for 
quantities  up  to  15,000  gallons  per  minute  ；  for  heads  up 
to  1,850  feet,  and  for  speeds  up  to  3,000  r.p.m.  All 
efficiencies  given  by  us  can  be  relied  upon,  since  they 
are  based  upon  data  obtained  during  tests  made  by  taking 
actual  quantity  measurements  of  water  delivered. 

W rite  for  our  Turbine  Pump  Booklet. 

，E 

MANCHESTER  and  LONDON. 


Steam  Turbines  and 
Turbo  -Compressors. 


A  Treatise  on  their  Design  and  Construction, 
by  Frank  Foster,  M.Sc.  466  pp.  and  250  illus. 
Demy  8vo.     Price  10s.  6d.    Post  free  10s.  lid. 


Contents. 

Descriptions  of  Turbines ― Steam  Nozzles ― Disc  Friction ― Blades—  Rotors ― 
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Turbines ― Turbo-Compressors — Gas  Turbines ― Diagrams  and  Calculations 一 
Construction ― Miscellaneous ― History,  with  an  Appendix  of  Useful  Tables. 


Press  Opinions. 


" The  book  fills  a  want  which  all  those  Who  are  interested  in  the  subject  of  steam  turbines 
should  be  grateful  to  see  supplied.  It  contains  some  valuable  original  contributions  to  the 
literature  of  the  subject."  —Engineering  News. 

" This  work  is  a  step  in  the  right  direction.  The  mechanics  and  construction  of  the  steam 
turbine  are  considered  at  considerable  length  and  quite  practically.  We  can  recommend  the 
book  as  an  attempt  to  place  the  sleam  turbine  properly  before  mechanical  engineers.  Con- 
sidering the  amount  of  original  work  in  it,  the  book  is  cheap." ― American  Machinist. 


"The  descriptive  and  historical  sections  of  the  book  are  comparatively  brief,  and  on  the 
whole  well  executed  and  illustrated  ；  the  sections  dealing  with  '  the  design  of  details '  are 
relatively  full,  practical  in  form,  and  suited  to  the  requirements  of  men  engaged  in  the  work  of 
designing  steam  turbines.    The  scheme  of  the  book  is  good."— rim"  Engitteering  Supplement. 

" The  book  is  not  merely  a  popular  description  of  existing  machines,  but  takes  the  subject 
mion-sense  sort  of  way,  giving  a  great  iuany  practical  details  which  affect  the 
The  work  appears  to  be  well  worthy  of  careful  consideration." 

― International  Marine  Engineering. 
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MAGNIFYING 
THERMOMETERS 


FOR   READING   WITH  EASE 
TEMPERATURES    FROM  A  DISTANCE. 


STRONG,  ACCURATE  and  RELIABLE. 
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Adopted  with  advantage  in  connection  with  Steam  Plants  (Superheaters, 
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Plants,  Baths,  &c'，  &c. 
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SITUATIONS  VACANT. 


DRAUGHTSMAN  (junior)  Wanted  at  once.— Api>ly, 
stating  age,  expeiience,  salary  required,  &c,  Gooie 
Shi]il>nil(liu^  Compan v,  Goole. 

CUPOLA  MAN,  exj>erienced,  steady,  reliable  time- 
keeper, to  take  full  charge  :  melt  10  tons  per  hour  ； 
state  wages  and  references.— Apply,  Whynian's  Foundry 
Con»]>an y,  \\  arrington. 


ENGINEEK  DRAUGHTSMAN  Wonted  ;  experienced 
in  winch  building  and  j)ijie  arrangements. ― Age, 
wage,  and  references  retiuirert  to  J.  S.  Doi.y  (Grimsby), 
Ltd..  Fish  Docks,  Grimsby. 


MACHINE  TOOL  FITTER,  for  work  on  electrir 
we  Id  ins  machines  ；  ip.ust  be  first-class,  accurate 
worker  ；  district  rate  ；  state  a^e  and  i)articulars  ot  recent 
pinplovment.— Employment  Bureau,  B.  I.  &  H.  (_'.，  Ltd., 
Prescot. 


The  Proj)i*ietoi*s  of  the  Patents 
Nos.  137*29  of  191】  and  13730  of  1911  for 
*•  Itnproveuients  in  Continuous  Weighing  Mechanism  ，' 

are  clesiroiis  of  entering  into  ai*rangements  by  way  of 
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HASELTINE,  LAKE,  &  CO., 
Chartered  Patent  Agents  and  Consulting  Engineers, 
28,  SOUTHAMPTON  BUILDINGS,  CHANCEKY  LANE, 
LONDON,  \V.(\ 


UNIVERSITY  OF  MANCHESTER. 

PHYSICS  DEPARTMENT. 

A  Prospectus  giving  full  particulars  of  the  LECTURE 
and  IiABORATORY  COURSES  in  PHYSICS,  preparing 
for  both  the  Ordinary  and  Honours  Degrees,  will  be 
forwarded  on  application  to  the  REGISTRAR. 

" *  Hutln  rtunl  will  meet  intendinti  Students  on 
ay,  October  8th,  at  10-30  a.m. 


BOOKS  FOR  ENGINEERS. 


WORKING  OF  STEAM  BOILERS,  bcin^  instruc- 
1  ions  i'('si)t'f'ting  the  working,  t reatnuintt  and 
attciulanoo  of  steam  boilers.  For  the  use  of 
boiler  attendants  and  those  in  cliarpre  of  and 
responsible  for  steam  boilers.  By  KDVVAKD  G. 
HlMiKR,  B.So.,  M.Inst.C.E.,  Chief  Engineer 

National  Boilei*  and  General  Insuran ro  Company, 
Ltd.  Price  is.  8d.  post  free  (paper  covers),  2S.  2d. 
post  free  (cloth). 

STEAM  BOILER  CONSTRUCTION.  By  EDWAED 
rj.  mi 丄 I'm,  B.Sc,  M.Inst.C.E.,  & (，.  Price  is.  2d. 
post  free  (paper  covers),  is.  8d.  post  free  (cloth). 

COMMERCIAL  MANAGEMENT  OF  ENGINEER- 
ING WORKS. ― A  comprclK'iisivc  work  dealing 
with  the  best  methods  of  conducting  the  com- 
tticj'(^ial  side  of  an  enginci'iiiitr  establishment. 
My  V\  U.  Burton.    Price  12s.  lod.  post  free. 

LATHES,  SCREW  MACHINES,  BORING  AND 
TURNING  MILLS.— A  pi-uctir-il  trcntise  on  the 
design  and  construction  of  turning  machines, 
iiif  lading  lathes,  automatic  screw  machines, 
Irn  i  ii^i'  ami  turning'  mills,  and  t.luMr  afccssorics. 
Hv  Tims.  H.  Shaw.    Price  15s.  6d.  post  free. 

DISTINCTON  MULTIPLE  BOILER  EXPL0 
S!0N  nnd  other  Multiple  Boilci-  Kxnlosions.  Bv 
EDWARD  G.  HILLER,  B.Sc,  M.Tnst.C.E.,  &(•.  Price 
1s.  2d.  Dost  free  (paper  covor-s). 

TESTING  AND  STRENCTH  OF  MATERIALS 
OF  CONSTRUCTION.— A  treatise  <m  the  liictliods, 
machines,  and  instruments  used  in  the  testing* 
of  materials  of  construction.  By  W.  C.  POPPLE- 
wfll.  M.Sc.    Price  ios.  iod.  post  free. 

THE  SLIDE  RULE  AND  WATCH  CALCULATOR. 
—A  work  cU'ulin^  witli  the  capacity  and  metiiod 
i"  usiny  tlic  slide  rule  or  its  later  development, 
the  pocket  or  watch  form  of  calculator.  Price 
1s.  id.  post  free. 

THE  COMBUSTION  OF  FUEL.— With  special 
l-L'f'orence  to  smoke  prevention.  Contains  numer- 
(ii w  ill ustrations  of  mechanioal  stokers,  forY-ed- 
u^ht  furnaces,  and  refuse  destructors.  By 
W.  W.  P.  PULLEN,  Wh.Sc,  &c.  Pries  3s.  8d.  post 
free. 

PRODUCER  CAS.— A  treatise  on  the  properties, 
liiamitacture.  and  uses  of  gaseous  fuel.  By  Prof 
A.  HUMBOLDT  SEXTON,  F.I.C.,  F.C.S.  Price  IOS.  4d. 
post  free. 

The  Scientific  Publishing  Company, 

53,  New  Bailey  Street,  Manchester. 


PATENTS- 

J.  OWDEN   O'BRIEN,  M.I.M.E. 

Chartered  Patent  Agent 
&=fsS?dt。  W.   P.  THOMPSON  &  CO. 
Of  Manchester. 

Agents  for  procuring  Patents  and  Registering  Trade  Marks 
and  Designs. 

Lloyds  Bank  Buildings,  King  St"  MANCHESTER. 


l  Ld. 

Albert  Screw  Works, 
MEADOW  LANE,  LEEDS. 


Manufacturers  of  all  descriptions  of 

REPETITION  WORK 


BLACK   OR  BRIGHT. 


LATHES,    SCREW  MACHINES, 

BORING  AND  TURNING  MILLS. 

A  Practical  Treatise  on  the  Design  and  Construction 
of  Turning  Machines  including  Lathes,  Automatic 
Screw  Machines,  Boring  and  Turning  Mills,  and 
their  Accessories. 

By  THOMAS  R.  SHAW. 

Comprising  nearly  700  Pages  and  425  Ilhtsttationst  most  of 
which  are  original,  and  have  been  made  expressly 
for  this  work. 

Price  15s.  6d.  Post  Free. 

The  Scientific  Publishing  Co.,  53,  New  Bailey  St.,  Manchester 


PATENTEE  AND 
ORIGINAL 
MAKER  OF 

EMBOSSED  MAN 
HOLE  DOORS 


Specialist  in 
Hydraulic  Stamping- 
and  Forging", 


STAMPED  STEEL  PISTONS 

Up  to  56in.  diameter. 

WELDLESS  LOCOMOTIVE 
DOMES 

Up  to  Uin.  thick. 


KINNING  PARK 
IRONWORKS  and 
Hydraulic  Forge, 
GLASGOW. 
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Lancaster  &  Tuw,  Ltd.,  Pendleton 
Scliiirft  r  &  llihli-ubeig,  Ltd.,  Manchester 
'J1 1 \i-v  Kins.,  London 
Willcox  &  Co.,  Ltd.,  W.  H"  London 

MACHINES  TOOLS 
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Sudden,  Ltd.,  T.，  London 

TUBES  AND  FITTINGS 

Delta  Metal  Co.,  Ltd.,  London 
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Harlow  &  Son,  B.,  Stockport 
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.Schaffer  &  Budenberg,  Ltd.,  Manchester 

WATER-MEASURING  INSTRUMENTS 

Lea  Recorder  Co.,  Manchester 

WATER  SOFTENING  PLANT 

Royles,  Ltd.,  Irlam,  Manchester 
WELDING  OF  METALS  AND  ALLOYS 

Octo  Welding,  Ltd.,  Loudon 
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Bridge  &  Co.,  Ltd.,  D„  Salford 
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Telegrams :  "  DUPLEX, ' '  HYDE. 
TeJepbone  No.  21. 


HYDE,  near  MANCHESTER, 


Established  1873 


MAKERS  OF  HIGH-CLA55 

Steam  Boilers  of  Every  Type 


；, CORHISH,  VERTICAL,  HTDE  DUPLEX,  &c. 

Drilling,  Welding,  Flanging,  Planing,  Riveting, 

&c,  by  Special  Machinery  of  tke  most  modern  constroctioo. 


"NATIONAL"  PATENT  FUSIBLE  PLUGS. 


Figure  8. 

Improved  Valve 
Seated  Plug. 


HIGH-PRESSURE  TYPE, 

Screwtd  1ln.,Uin"Uln.，and  2ln. 
9»  thread  on  the  mlln 藝， 


(No. 】.） 


LOW-WATER 

The  "  Improved  Valve  Seated  Type,''  especially  suitable  for 
Lancashire,  Cornish,  and  Vertical  Boilers. 


Special  Fusible  Plugs  for  High  Pressures  and  ALL  CLASSES  of  Internally-Fired  Boilers. 

I N  a  recent  serious  case  where  a  "  Lancashire"  Boiler  was  allowed  to  become  short  of  water,  resulting  in  over- 
1  beating  of  the  furnace  crown,  the  boiler  was  not  provided  with  fusible  plugs,  and  consequently  the  furnaces 
were 'overheated  and  one  of  them  ruptured.  The  outrush  of  water  and  steam  caused  the  death  of  sevea  persons 
aad  Injury  to  ten  others,  i 

The  Board  of  Trade  Commissioners,  when  giving  judgment  in  reference  to  this  explosion,  said  :— 

" The  Boiler  was  originally  fitted  with  proper  and  sufficient  mountings,  except  it  bad  ao  fusible  plug,  which 
" in  our  opinion  should  h Ave  been  fitted.  If  the  furnace  bad  been  fitted  with  a  fusible  plug  the  water 
" would  have  run  out  when  the  plates  began  to  get  hot,. and  the  explosioa  would  have  been  avoided, " 


Figure  6. 
Improved  Valve 
Seated  Plug. 


―     o       通 mmmm^mm 晨 .~ ~ "-" ―      一層 層薦 ~  一         ORDINARY  PRESSURE  TYPI, 

USE  "NATIONAL"  PATENT  FUSIBLE  sc 嶋 mn,"— 

gat  thread  on  ttie  ttatln 
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the  PREVENTION  and  REMEDY  of  BREAKDOWNS  is  the  business  of  the 

BRITISH 
ENGINE,  BOILER 
&  ELECTRICAL 


ENGINES,  GAS  PLANTS,  DYNAMOS, 
Steam,  Gas  BOILERS,  MOTORS, 
or  Oil.      ECONOMISERS,  LIFTS,  &c 


Analyses  undertaken  of  Boiler 
Feed  Water,  Coal,  Oil,  Steel, 
Flue  Gases,  Sec, 
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CASTINGS 
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PRICES  MODERATE 


QUALITY  HIGH. 


Als 

Drawing, 
Tracing, 
Mounted,  and 
Sectional  Papers 
and  Cloths. 


Photo  Papers  and  Cloths 
&lso  Mounted. 


True  to  Scale  prints  on 
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^XDRAWING  and 
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STANDARD  SUPERHEATER, 
as  applied  to  a  Lancashire  Boiler. 


SUGDEN'S  PAM 

Standard  and  Sectional 

SUPERHEATERS 

For  all  Types  of  Boilers. 

WROUGHT  STEEL  THROUGHOUT. 
THOUSANDS  IN  USE. 

Main  Advantages: 

SIMPLICITY  OF  DESIGN 

and 

READY  ACCESSIBILITY 
to  all  parts. 

T.  SUGDEIM,  Ltd., 
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